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Relationship between the image
characteristics of artificial
intelligence and EGFR gene
mutation in lung adenocarcinoma

Guoping Zhou1, Shuhua Xu1*, Xiaoli Liu2, Jingjun Ge3, Qiyu He1,
Weikang Cao1, Junning Ding1 and Xinghua Kai1

1Department of Cardiothoracic Surgery, Dongtai Hospital of Traditional Chinese Medicine, Dongtai, China,
2Department of Pathology, Dongtai Hospital of Traditional Chinese Medicine, Dongtai, China, 3Department
of Radiology Imaging, Dongtai Hospital of Traditional Chinese Medicine, Dongtai, China

Lung Adenocarcinoma (LUAD) is a kind of Lung Cancer (LCA) with high incidence
rate, which is very harmful to human body. It is hidden in the human body and is not
easy to be discovered, so it brings great inconvenience to the treatment of LUAD.
Artificial Intelligence (AI) technology provides technical support for the diagnosis and
treatment of LUAD and has great application space in intelligent medicine. In this
paper, 164 patients with primary LUAD who underwent surgery in Hospital A from
January 2020 to December 2021 were selected as the study subjects, and the
correlation between the imaging characteristics of LUAD and Epidermal Growth
Factor Receptor (EGFR) gene mutation was analyzed. Finally, the conclusion was
drawn. In terms of the study on the correlation between EGFRmutation of LUAD and
the imaging characteristics of Computed Tomography (CT), it was concluded that
there were significant differences between the patient’s sex, smoking history,
pulmonary nodule morphology and the EGFR gene, and there was no significant
difference between the patient’s tumor size and EGFR gene; in the study of the
relationship between EGFR genemutation and CT signs of LUAD lesions, it was found
that there were significant differences between the symptoms of cavity sign, hair
prick sign and chest depression sign and EGFR gene, but there was no significant
difference between the symptoms of lobulation sign and EGFR gene; in the study of
pathological subtype and EGFR gene mutation status of LUAD patients, it was
concluded that the pathological subtype was mainly micropapillary. The mutation
rate was 44.44%, which was the highest; in terms of CT manifestations of adjacent
structures of lung cancer and the study of EGFR gene mutation status, it was found
that there was a statistical difference between the tumor with vascular convergence
sign and EGFR gene mutation, and pleural effusion, pericardial effusion, pleural
thickening and other signs in tumor imaging were not significantly associated with
EGFR gene mutation; in terms of the study of CT manifestations of adjacent
structures of LCA and EGFR gene mutation status, it was concluded that pleural
effusion, pericardial effusion, pleural thickening and other signs in tumor images
were not significantly associated with EGFR gene mutation; in terms of analysis and
cure of LUAD, it was concluded that the cure rate of patients was relatively high, and
only a few people died of ineffective treatment. This paper provided a reference for
the field of intelligent medicine and physical health.

KEYWORDS

lung adenocarcinoma, EGFR gene mutations, artificial intelligence, intelligent medicine,
image characteristics
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1 Introduction

The imaging features of LUAD play an important role in the
treatment and research of LCA, and the research on them can provide
reference for intelligent medical treatment and cure of LUAD. With
the rapid development of artificial intelligence technology, intelligent
medical treatment has brought great convenience to the treatment of
LUAD. It has become a general trend to analyze the correlation
between the image characteristics of LUAD and EGFR gene
mutation. At the same time, due to the huge and complex data set
of lung cancer gene expression profile, it is necessary to extract
effective information through artificial intelligence methods.

The imaging features of LUAD have been deeply studied in the
field of intelligent medicine. Yu Lingming used a mountain learning
arrangement based on CT image characterization to predict the
pathological staging of non-small cell LCA (Yu et al., 2019). Yoon
Jiyoung predicted the effect of programmed acellular death ligand one
presentation on advanced LUAD by CT imaging (Yoon et al., 2020).
Koyasu Sho concluded that gradient tree boosting was useful for
forecasting the pathologic subtypes of non-small cell LCA and the
polyester/18F pentafluoromethacrylate interferon for EGFR mutation
status was useful (Koyasu et al., 2020). Pascoe Heather M analyzed the
multifaceted nature of LUAD (Pascoe et al., 2018). She Yunlang
investigated the predictable worth of CT-based radiology in
distinguishing inert LUAD from aggressive LUAD in patients with
lung nodules (She et al., 2018). Gertych Arkadiusz found that
convolutional neural networks could discriminate accurately
between the four tissue growth patterns of LUAD in digital slides
(Gertych et al., 2019). Abdul Jabbar Khalid believed that geographic
immune variability illuminated the differential evolution of LUAD
(AbdulJabbar et al., 2020). There are many researches on LUAD, but
there is no research on artificial intelligence in this field.

EGFR gene mutation has a certain correlation with cancer
treatment, and many scholars have also made achievements in this
field. Li Yajun analyzed the effect of CT slide depth and convoluted
kernels on the performance of radiological models for forecasting
EGFR statuses in non-small cell LCA (Li et al., 2018). Jia Tian-Ying
modeled by using the characteristics of radiology and random forest,
and identified the EGFR mutation of LUAD through non-invasive
imaging (Jia et al., 2019). Mei Dongdong analyzed CT images of lung
adenocarcinoma and explored whether cell characteristics could
become a substitute biomarker for EGFR mutation (Mei et al.,
2018). Tulchinsky Eugene analysed the escape mechanism of
EGFR-targeted treatment in LCA (Tulchinsky et al., 2019). Kazue
Yoneda studied the treatment process and protocols for non-small cell
LCA with EGFR deletions (Yoneda et al., 2019). Cicek Tugba analysed
the adequacy of Endotracheal Ultrasonography-tobronchial Needle
Aspiration (EBUS-TBNA) specimens for mutation analysis in LCA
(Cicek et al., 2019). Vyse Simon elucidated the structure of the crystal
structure of mutant kinases with EGFR exon 20 insertion and
revealing a unique mechanism of kinase initiation and spatial
configuration, which determined the lack of reaction of these
EGFR synapses to commercially approved EGFR injectants (Vyse
and Huang, 2019). Although there are many studies on EGFR and
LCA, the research in this area is not deep enough.

This study retrospectively analyzed 164 patients with primary
LUAD who underwent surgery in Hospital A from January 2020 to
December 2021. The EGFR gene detection results of these patients are
available, which could improve the research speed of LUAD and

accelerate its progress. The purpose of this study is to explore the
relationship between these patients and general clinical features in
order to better guide clinical management.

2 Feature extraction of LUAD image
based on artificial intelligence

2.1 Artificial intelligence and medical health

The wide application of medical imaging is mainly driven by the
progress of computer vision technology. However, there is a serious
shortage of imaging and radiotherapy doctors, and there is a shortage
of doctors with rich and high-quality clinical experience. Due to the
vision and experience evaluation of imaging doctors, there are many
cases of misdiagnosis (Bianconi et al., 2019; Wang et al., 2019). The
speed of medical imaging operators reading films and the speed of
radiation therapists drawing target areas are time-consuming. In
medical imaging, the use of artificial intelligence can help doctors
read films and draw targets, which would save doctors a lot of time and
improve the accuracy of diagnosis, radiotherapy and surgery. With the
support of artificial intelligence technology, feature extraction of lung
adenocarcinoma image has more possibilities.

2.2 Feature recognition algorithm of LUAD
image based on artificial intelligence

The design process of feature recognition algorithm for LUAD
image based on artificial intelligence is recorded in Figure 1.

The multi-scale fractal feature is a fractal parameter change
measurement function (Wu et al., 2020). The multi-scale fractal
feature can be understood as the change degree of D dimension
area (K(x, y, ε)) within the scale range of εmax. The multi-scale
fractal feature is used to highlight the difference in fractal features
between man-made targets and natural background

MFFK x, y( ) � ∑εmax

ε�2
K x, y, ε( ) − 1

ε max − 1
∑εmax

ε�2
K x, y, ε( )⎡⎣ ⎤⎦2 (1)

The threshold value is set to 5, and the binary LUAD image is
obtained by segmentation of the enhanced LUAD image as follows:

θ �
tan−1 2

M11
M00

−xcyc( )
M20
M00

−x2c( )− M02
M00

−y2c( )⎛⎝ ⎞⎠
2

(2)

In the formula, M00 is the zero matrix, and (xc, yc) represents the
centroid of LUAD image.

The n-order m-fold Zernike moment of a discrete image is defined
as follows:

Zn,m � n + 1( )
π N − 1( )2 ∑N−1

x�0
∑N−1

y�0
I x, y( )Rn,m ρ( )ejimθ (3)

In the formula, n = 0,1,2,...; 0≤ |m|≤ n; n − |m| is an even number.
(p,θ) is the polar coordinate representation under the unit circle, and
Rn,m is the radial polynomial.

In order to optimize discrete problems, this paper proposes an
artificial intelligence algorithm to update them:
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vij � v1ij,

v0ij,
{ xij � 0

xij � 1
(4)

In the formula, v1ij and v0ij respectively represent the probability
that the jth position of the ith particle becomes one or 0.

The calculation method of (Eq. 4) still has some defects, so this
paper improves the particle position. The update formulas of particle
position are as follows:

xij t + 1( ) � �xij t( ),
xij t( ),{ rij ≤ vij

′

rij > vij
′ (5)

vij
′ t( ) � sig vij t( )( ) (6)

In the formula, �xij(t) represents the inversion of xij(t) in binary,
and rij is a random number in the [0, 1] interval.

The repetition rate is the ratio of the number of repeated feature
points extracted from two similar images to the total number of
extracted points (Gong et al., 2020). The higher the repetition rate of
feature points, the more stable the extracted feature points are and the
higher the correct matching rate of feature points would be.

The formula for calculating the repetition rate is as follows:

R � N3

min N1, N3( ) × t (7)

In the formula, R is the repetition rate; N1 and N2 are the number
of feature points extracted from the left and right images respectively;
N3 is the number of feature points from the left image projection to the
right image; t is the overlap of similar images.

The ratio k between the number of matches obtained from fine
matching of two images and the average value of feature points
extracted from the two images is the image matching rate.

The matching rate is calculated as follows:

k � N

N1 +N2
× t (8)

In the formula, N1 and N2 are the feature points extracted from the
two images; t is the overlap of similar images.

3 Intelligent medical and biological
information

With the development of technology and the aging of the
population, AI would become a part of many industries in the
future, including medical technology (Ge et al., 2019). Although
computers would never replace humans, they are useful for certain
tasks and can improve the patient’s experience. However, the benefits
are much greater. The combination of artificial intelligence and
medical technology would simplify medical care and create new
opportunities. In the case of declining profits and increasing
government regulations, it saves money and promotes the survival
and development of pharmaceutical enterprises. AI also provides the
possibility to standardize many processes in the field of healthcare. Just

FIGURE 1
AI-based LUAD image feature recognition algorithm.

FIGURE 2
Advantages of smart healthcare.
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as the specific procedures are different, many policies and practices are
the same. Patients often do not understand their rights and
responsibilities in health and safety and the accuracy of their data.

The development of AI medical platform would help medical
institutions improve services and balance medical resources, thereby
reducing the pressure on medical services, especially in areas with
limited medical resources (Zhang et al., 2020). Medical institutions
choose different construction methods to improve their medical
services according to different information technology levels. The
AI platform consists of data, computing power, open source systems
and algorithms, and various technologies. The computing power
ensures the speed of the AI platform. The advantages of AI in
medical care are recorded in Figure 2.

In the field of data driven auxiliary medical diagnostic imaging,
applications include brain tumor segmentation, pulmonary nodule
detection, Alzheimer’s disease detection, lymph node detection,
pulmonary bronchiectasis detection, chest disease detection and
liver ultrasound detection. Each patient has an average of
20–30 images, such as the medical imaging of pulmonary nodules.
Computer vision models, such as residual neural networks, are usually
used to automatically identify pulmonary nodules. It can train neural
networks with dozens or even hundreds of layers, which requires high
computing power. The huge amount of data increases the computing
time. Therefore, the development of a supercomputing platform can
not only reduce computing time, but also improve medical efficiency
and reduce patient waiting time.

Knowledge based design creates high value medical diagnostic
cards. The knowledge map is a typical product of the big data era. The
combination of big semantic network, big data technology and deep
learning technology is becoming the main driving force for the
development of artificial intelligence. The medical knowledge map
mainly uses four technologies: knowledge representation, knowledge
extraction, knowledge fusion and knowledge reasoning.

Artificial intelligence has been applied to LUAD, thyroid cancer,
breast nodules and other tumors, coronary artery plaque, skin cancer,
liver pathology and many other fields. Early LCA is asymptomatic, but
70%–80% of patients with advanced LCA lost the opportunity of
surgery and more and more of them developed into LCA. Although
most pulmonary nodules are benign, the proportion of early LCA is
high and benign.

4 Significance of imaging characteristics
and EGFR gene mutation in LUAD

The research significance of imaging characteristics of LUAD and
EGFR gene mutation is discussed from two aspects: LUAD imaging
and EGFR gene mutation, as shown in Figure 3.

Lung cancer is one of the most common cancers in the world, with
the highest mortality. Lung adenocarcinoma is the most common
histological type of lung cancer. Small cell LCA accounts for 92% of
LCA. EGFR mutation is the main subtype of LUAD. About 45% of
non-smoking Non Small Cell LCA (NSCLC) patients have EGFR
mutation. Although EGFR mutations are more common in women
and non-smokers, there are no reliable clinical features that can
accurately distinguish EGFR phenotype from LCA. In clinical
practice, EGFR phenotype and LCA are distinguished by gene
detection of tissue samples. Gene detection is not only costly and
time-consuming, but also invasive due to tissue sampling. Computed
tomography is the most popular and widely used imaging method in
LCA, because it provides excellent spatial resolution information
about the microstructure of LCA, which may reflect the genetic
phenotype of the tumor.

EGFR has been proved to be abnormally or highly expressed in
many solid tumors and can regulate various biological activities of
tumor cells, which inhibit apoptosis through its downstream signal

FIGURE 3
Significance of LUAD imaging features and EGFR gene mutation study.
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transduction. The mutation of EGFR receptor gene may partly predict
the sensitivity and efficacy of targeted therapy. At present, the
mutation status of EGFR receptor is mostly determined by global
amplification detection or mutation based gene sequencing, which
requires expensive and complex surgery or puncture technology to
obtain tissue samples. In recent years, molecular targeted therapy has
become a new hot spot in the treatment of lung cancer, and EGFR gene
mutation has attracted great public attention.

5 Correlation between imaging
characteristics of LUAD and EGFR gene
mutation

5.1 Selection of test objects

From January 2020 to December 2021, 164 patients with primary
LUAD who underwent surgery in Hospital A were retrospectively
analyzed and their basic information was recorded in Table 1.

From January 2020 to December 2021, the average age of
164 patients with primary LUAD who underwent surgery in
Hospital A was (53.5 ± 2.2) years old. Of these patients, 86 were
women and 78 were men. 64 patients were mutated and 100 patients
were wild type. In general, the probability of men suffering from
LUAD is higher than that of women, and the wild type patients are
more than the mutant type patients.

Inclusion criteria: Patients with pulmonary nodules or masses
found on standard chest CT; untreated lesions with clinical anti-
cancer treatment before the study; surgical intervention was carried
out after all chest CT scans, and tissue samples were collected for
pathological classification and EGFR gene analysis.

Exclusion criteria: Chest CT scanning does not meet the inclusion
criteria; chest CT scanning is performed in other institutions. There is
no postoperative tissue available for EGFR gene detection, and the
imaging data are incomplete.

5.2 CTmeasurement and film readingmethod

All patients were placed in supine position with arms raised,
and spiral chest examination was performed with Siemens dual
source CT scanner. Tumor features include tumor size, lung lobe
sign, hair prick sign, pleural traction sign, air branch sign, bilateral
lung metastasis and pleural effusion. The tumor size, lung lobe sign,
hair prick sign, pleural traction sign, air bronchogram sign, the
presence of bilateral lung metastasis and pleural effusion were
recorded one by one on chest CT. During the examination, the size
of the tumor is measured by the diameter of the longest lung

window. If it is multiple lesions, it is measured by the diameter of
the largest lesion.

The film would be read independently by three doctors above
medical level. If the readings differ, the three doctors would discuss
and resolve the issue. The film reading content includes: The lung lobe
where the disease is located, the density of the disease, and the signs of
lobation, cavitation, folding, pleural indentation and lymph node
enlargement.

Lesion density: This is divided into pure ground glass density and
density with solid components.

Lymph node enlargement: In a defined area, lymph nodes with a
short diameter>1 cm are enlarged.

5.3 Correlation between imaging
characteristics of LUAD and EGFR gene
mutation

5.3.1 Correlation between EGFR mutation and chest
CT imaging features in LUAD

In order to thoroughly analyze the correlation between the
imaging characteristics of LUAD and EGFR gene mutation, this
paper studied the correlation between the mutation type, sex,
smoking history and tumor size based on the EGFR mutation and
chest CT imaging characteristics of LUAD, and recorded the results in
Table 2.

In 164 patients, 42 were male patients with mutation type, and the
mutation rate was 48.8 (42/86). 56 female patients were mutated, the
mutation rate was 71.79% (56/78). There was a significance difference
between the both of them (p = .012); 35 patients had no smoking
history, and the mutation rate was 35.35% (35/99). 29 patients had
smoking history, the mutation rate was 44.62% (29/65). There was a
significance difference between the both of them (p = .024); there were
49 patients with tumors ≤ 3cm, and the mutation rate was 44.95% (49/
109). 15 patients had tumors>3cm, and the mutation rate was 27.27%
(15/55). There was no meaningful difference between them (p > .05);
the number of patients with EGFR mutation type pulmonary nodules
with partial solid morphology was 28, and the mutation rate was
36.84% (28/76). There were 36 patients with EGFR gene mutation
whose pulmonary nodules were completely solid, and the mutation
rate was 40.91% (36/88). There was a significance difference between
the both of them (p = .024).

5.3.2 The relationship between EGFR gene mutation
and CT findings in LUAD

Mutation of EGFR gene in lung adenocarcinoma lesions
represents the symptoms of lung adenocarcinoma, which can
analyze the relationship between lung adenocarcinoma
symptoms and CT signs and provide reference for correlation
analysis between imaging features of lung adenocarcinoma and
EGFR gene mutation. The test results of the relationship between
EGFR gene mutation and CT signs of LUAD lesions are
summarized in Table 3.

From January 2020 to December 2021, among 164 patients with
primary LUAD who underwent surgery in Hospital A, 81 patients
showed lobulation sign, with a mutation rate of 37.04% (30/81). There
was no meaningful difference (p > .05); 51 patients showed cavitation
sign, and the mutation rate was 35.29% (18/51). The difference was
statistically meaningful (p = .023); 73 patients showed spicule sign, and

TABLE 1 Basic information about the test subjects.

Basis of classification Subgroup Number

Gender Male 86

Female 78

Genotype Mutant 64

Wild type 100
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TABLE 2 Correlation of EGFR mutations in LUAD with chest CT imaging features.

Group Gender Smoking
history

Tumor size Pulmonary nodule pattern

Male Female No Yes Pulmonary nodules≤3 cm Pulmonary masses>3 cm Partially solid Completely
solid

Genome group 42 56 35 29 49 15 28 36

Wild group 44 22 64 36 60 40 48 52

Total 86 78 99 65 109 55 76 88

Mutation rate/% 48.84 71.79 35.35 44.62 44.95 27.27 36.84 40.91

p 012 024 325 024

TABLE 3 Relationship between EGFR mutations and CT signs in LUAD lesions.

Group Lobar sign Cavity sign Burr sign Pleural depression
sign

No Yes No Yes No Yes No Yes

Genome group 34 30 46 18 33 31 18 46

Wild group 49 51 67 33 58 42 51 49

Total 83 81 113 51 91 73 69 95

Mutation rate/% 40.96 37.04 40.71 35.29 36.26 42.47 26.09 48.42

p 316 023 034 005

FIGURE 4
Pathological subtypes and EGFR mutation status in LUAD patients.
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the mutation rate was 42.47% (31/73). The difference was statistically
meaningful (p = .034); there were 95 patients with chest depression
sign, and the mutation rate was 48.42% (46/95). The difference was
statistically meaningful (p = .005).

5.3.3 Pathological subtypes and EGFR genemutation
in patients with LUAD

All cases of lung adenocarcinoma were classified into
histological subtypes according to the international
multidisciplinary classification of lung adenocarcinoma,
including acinar dominated, adherent dominated, papillary
dominated, micropapillary dominated and solid dominated. The
determination results of pathological subtypes and EGFR gene
mutation status of LUAD patients are recorded in Figure 4.

Among 164 patients with LUAD, 14 patients had acinar
dominant pathological subtype, with a mutation rate of 42.42%
(14/33); the pathological subtype of 15 patients was mainly
adherent type, and the mutation rate was 41.67% (15/36); the
pathological subtype of 16 patients was mainly nipple type, and
the mutation rate was 38.1% (16/42); the pathological subtype of
12 patients was mainly micropapillary type, and the mutation rate
was 41.38% (12/29); the pathological subtype of seven patients was
mainly solid type, and the mutation rate was 29.17% (7/24).

5.3.4 CT manifestations of adjacent structures of
LCA and mutation status of EGFR gene

LUAD belongs to non-small cell carcinoma. The growth of LCA
cells would affect the changes in the structure of surrounding cells, so it

TABLE 4 CT presentation of adjacent structures and EGFR mutation status in LCA.

Parameters Genome group Wild group p

Vascular cluster sign + 21 65 035

Vascular cluster sign- 43 35

Pleural effusion+ 27 21 35

Pleural effusion- 37 79

Pericardial effusion+ 33 48 65

Pericardial effusion- 31 52

Thoracic thickening+ 31 34 64

Thoracic thickening- 33 66

The number of mutations in the tumor group with vascular convergence sign was 21, and the number of mutations in the group without vascular convergence sign was 43. There was a statistical

difference between them (p < 05). In addition, pleural effusion, pericardial effusion, pleural thickening and other signs in tumor images were not significantly associated with EGFR, gene mutation

(p > 05).

FIGURE 5
The relationship between EGFR gene mutations and clinical stages of LCA.
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is of practical significance to investigate it. The CT findings of adjacent
structures of LCA and the investigation results of EGFR gene mutation
status are shown in Table 4.

5.3.5 The relationship between EGFR gene mutation
and clinical stage of LCA in patients with LUAD

According to the symptoms and types of LUAD, the clinic can be
divided into stage I, stage II and stage III. The relationship between EGFR
genemutation and clinical stage of LUAD patients is recorded in Figure 5.

26 patients with clinical stage Ⅰ had mutation, and the mutation
rate was 31.71% (26/82); 22 patients in stage Ⅱ had mutations, and the
mutation rate was 47.83% (22/46); there were 16 cases of mutation in
stage III patients, and the mutation rate was 44.44% (16/36).

5.3.6 Analysis and cure of LUAD
In order to analyze the treatment of patients, 164 patients were

interviewed and investigated to explore whether the image feature
analysis of pulmonary adenocarcinoma based on artificial intelligence
can cure the patients’ pulmonary adenocarcinoma and promote their
health. After excluding the patients who could not be contacted, the
actual number of people in this survey was 140, and the physical
conditions of these 140 people were recorded in Figure 6.

Among the patients in clinical stage I, 58 recovered, 12 were relieved,
one was aggravated and one died; among the patients in clinical phase II,
24 recovered, six were relieved, four were aggravated and two died; among
the patients in clinical phase III, 10 recovered, 12 were relieved, six were
aggravated and four died. In general, the cure rate of patients is high, and
only a few people died of ineffective treatment.

6 Conclusion

In order to analyze the correlation between image features of
LUAD and EGFR gene mutation, and improve the cure rate of

LUAD, this paper designed an artificial intelligence algorithm to
analyze the correlation between image features of LUAD and EGFR
gene mutation. It also designed a test to describe it, and finally
reached a feasible conclusion. There were significant differences
between the EGFR mutation rate and the sex, smoking history,
pulmonary nodule morphology, patients with cavity sign, hair
prick sign, thymus depression sign and tumor with vascular
convergence sign groups of LUAD patients. There was no
meaningful difference between tumor size, lobulated sign,
pleural effusion, pericardial effusion, pleural thickening and
EGFR mutation rate. According to the interview and
investigation of patients, the cure rate of LUAD was greatly
improved, which showed that AI could propose effective cure
measures to improve the treatment plan of patients.
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FIGURE 6
Analysis and cure of adenocarcinoma of the lung.
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A machine learning-based
approach to ERα bioactivity and
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By predicting ERα bioactivity and mining the potential relationship between

Absorption, Distribution, Metabolism, Excretion, Toxicity (ADMET) attributes in

drug research and development, the development efficiency of specific drugs

for breast cancer will be effectively improved and the misjudgment rate of R&D

personnel will be reduced. The quantitative prediction model of ERα bioactivity

and classification prediction model of Absorption, Distribution, Metabolism,

Excretion, Toxicity properties were constructed. The prediction results of ERα
bioactivity were compared by XGBoot, Light GBM, Random Forest and MLP

neural network. Two models with high prediction accuracy were selected and

fused to obtain ERα bioactivity prediction model from Mean absolute error

(MAE), mean squared error (MSE) and R2. The data were further subjected to

model-based feature selection and FDR/FPR-based feature selection,

respectively, and the results were placed in a voting machine to obtain

Absorption, Distribution, Metabolism, Excretion, Toxicity classification

prediction model. In this study, 430 molecular descriptors were removed,

and finally 20 molecular descriptors with the most significant effect on

biological activity obtained by the dual feature screening combined

optimization method were used to establish a compound molecular

descriptor prediction model for ERα biological activity, and further

classification and prediction of the Absorption, Distribution, Metabolism,

Excretion, Toxicity properties of the drugs were made. Eighty variables were

selected by the model ExtraTreesClassifier Classifie, and 40 variables were

selected by the model GradientBoostingClassifier to complete the model-

based feature selection. At the same time, the feature selection method

based on FDR/FPR is also selected, and the three classification models

obtained by the two methods are placed into the voting machine to obtain

the final model. The experimental results showed that the model‘s evaluation

indexes and roc diagram were excellent and could accurately predict ERα
bioactivity and Absorption, Distribution, Metabolism, Excretion, Toxicity

properties. The model constructed in this study has high accuracy, fast

convergence and robustness, has a very high accuracy for Absorption,

Distribution, Metabolism, Excretion, Toxicity and ERα classification

prediction, has bright prospects in the biopharmaceutical field, and is an

important method for energy conservation and yield increase in the future.
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1 Introduction

With the development of the times, more and more people

began to pay attention to their own health problems. In today’s

society, breast cancer is one of the most common and lethal

cancers. Estrogen receptors have a close correlation with the

development of breast cancer, and according to related studies,

estrogen receptor alpha (ERα) in estrogen has a strong promoting

effect on the dominant characterization of breast cancer

(Lempereur et al., 2016).

At present, the main treatment for breast cancer patients is to

inhibit the expression of ERα gene using anti-hormone therapy,

and then control the estrogen level in patients through the

modulation of estrogen receptor activity, so as to achieve the

inhibition of breast cancer spread and malignant trend, and

gradually combine drugs and radiochemotherapy to achieve

effective treatment of breast cancer (Ali and Coombes, 2002;

Mohla et al., 2009; Huang et al., 2015). Drugs developed based on

the corresponding compounds have been widely used in clinical

treatment.

Drug R&D involves the discovery and development of new

drugs, and the difference between these two stages is the

determination of candidate drugs, candidate drugs represent

active compounds involved in clinical research, so it is

necessary to screen active compounds for drug research and

development. Active compounds are compounds with certain

biological or pharmacological activities obtained through various

ways and methods, in the screening process, we should do

research on biological activity, pharmacokinetics, toxicity

analysis, etc. while synthesizing, so as to find the molecules

needed for drug development. Then it is necessary to conduct

tests related to biological activity and pharmacological data, that

is, the quantitative structure activity relationship (QSAR) model

(Bolboaca and Jäntschi, 1900; Singh et al., 2013; Ezugwu et al.,

2021) of the compound. After the screening work is completed,

in order to avoid the late risk of drug development (Samuel et al.,

2021; Sun et al., 2022), also needs to verify whether it has

ADMET (Absorption, Distribution, Metabolism, Excretion,

Toxicity) properties. In the compound database, the

construction vector can select compounds with excellent

ADMET properties and biological activities (Deng, 2013).

Mining tacit knowledge in drug data and using machine

learning prediction can reduce the R&D cost of

pharmaceutical processes (Guo et al., 2022), and deep learning

algorithms accelerate drug target recognition efficiency (Fenglei

et al., 2021). Construction of prediction models for protein

hotspot residues based on machine learning algorithms can

assist drug development (Hu, 2019). Further mining the

activity of drugs against tumor therapeutic targets and the

sensitivity of tumor cell lines can efficiently develop novel

tumor drugs (Li, 2021). The ADMET classification prediction

model has good performance in predicting the properties of anti-

breast cancer drugs (Yaqin et al., 2022). Scholars have found that

some genes as well as core TFs can evaluate the efficacy of

adjuvant therapy for breast cancer, of which E2F1 can regulate

MAPK signaling pathways involved in pharmaceutical processes

(Ye et al., 2022). Recognizing that AI is a very effective tool in

disease assessment, patient data are collected through machine

learning to develop mathematical models and predict outcomes

(Suh and Lee, 2017; Fu et al., 2022; Zheng et al., 2022), a large

number of researchers have investigated interpretable disease

diagnostic models (Casteleiro-Roca et al., 2020; Tjoa and Guan,

2021; Xu et al., 2022).

Jiang and other scholars established an easy to understand

OPLS-DAmodel based on only two descriptors, and the accuracy

of the model was as high as 93% and 79% (Matsson et al., 2007;

Jiang et al., 2020). Pan and other scholars trained 79, 99 and

780 compounds respectively, and achieved high accuracy (Jiang

et al., 2020). Although good results have been achieved, there is

still room for optimization in terms of descriptors and the

number of compounds. Based on 1974 compounds (samples)

and 729 molecular descriptors (variables) provided by candidate

compound data set, this paper solves the problem of low

reliability caused by previous model development based on

relatively small data set. In addition, the application value of

the existing ADMETmodel in specific drug screening work is still

unclear, based on this, this study, first, a dual feature screening

combination method is proposed to screen data variables; then,

the combination of Bagging algorithm and random forest

algorithm is used to realize ERα’ Bioactivity prediction; finally,

different target values are introduced to test the performance of

the prediction model, so as to improve the development

efficiency of breast cancer specific drugs, as well as reducing

the error judgment rate of R&D personnel.

2 Materials and methods

2.1 Data acquisition

The main ways to obtain drug data include laboratories,

online public publications, biochemical databases, and so on.

In this paper, the optimized modeling (2021) dataset of anti-

breast cancer drug candidates provided by the China

Association for Science and Technology is used as the

candidate compound dataset.

Taking anti-breast cancer drugs as an example to test the

prediction framework for the following reasons: First, breast

cancer is the largest cancer in the world, and breast cancer

patients in China account for a relatively large proportion;
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second, researchers have accumulated a large number of R&D

data of anti-breast cancer drugs over the years, laying the

foundation for further machine-learning-based prediction

research; third, predecessors have left sufficient literature

data on breast cancer characteristic targets, which plays a

guiding role in the establishment of the validation prediction

framework.

2.2 Data processing

According to the data of 1974 compounds (samples) and

729 molecular descriptors (variables) provided by the candidate

compound dataset, 20 main variables were screened, which made

the selected main variables have a good effect on ERα biological

activity. Data preprocessing is performed first, and column

variables (molecular descriptors) are cleaned. Different

screening algorithms were used to analyze the distribution

characteristics of the cleaned data. In order to obtain more

accurate screening results, gray relational degree method and

Spearman rank correlation coefficient analysis are selected to

reduce the dimension of the data and data screening, and the two

are further combined analysis, and a dual feature screening

combined optimization method is proposed. The specific

analysis is divided into k steps, and the flow chart is shown in

Figure 1.

Step 1. Relevance calculation. The data were processed using

Algorithm I (grey correlation analysis) and Algorithm III

(Spearman rank correlation analysis) to obtain the

corresponding correlation coefficient sequences X(i) and Y(j).
Grey correlation analysis method, which takes the

difference value between curves as the correlation degree.

There are several comparison sequences (x1, x2,. . ., xn) for a

reference sequence x0, correlation coefficient of each

comparison sequence and reference sequence at each time

(i.e., each point in the curve) β(xi) can be calculated by the

following formula: ρ is the resolution coefficient, generally

between 0 and 1, usually taken as 0.5. Δmin represents the

second level minimum difference, Δmax represents the

maximum difference between two levels. Δoi(k) represents

the absolute difference between each point on the

comparison series xi curve and each point on the reference

series x0 curve. Therefore, the correlation coefficient β(xi) can

also be simplified as follows:

βoi �
Δ min( ) + ρΔ max( )
Δoi k( ) + ρΔ max( ) (1)

Because the correlation coefficient is the value of the correlation

degree between the comparison sequence and the reference sequence

at each time (i.e., each point in the curve), it has more than one

number, and the information is too scattered to facilitate the overall

comparison. Therefore, it is necessary to centralize the correlation

coefficient of each time (i.e., each point in the curve) into one value,

that is, to calculate its average value, as a quantitative expression of

the correlation degree between the comparison sequence and the

reference sequence, the formula of correlation degree ci is as follows:

ci � 1
N

∑N
k�1

βi k( ) (2)

Spearman rank correlation coefficient is generally considered

as Pearson linear correlation coefficient between ranked

variables, in actual calculation, there are simpler calculation

methods. Assume that the original data xi, yi has been

arranged from large to small, put x’i, y’i as the location of the

original xi, yi data after arrangement, then di = x’i−y’i represents

the difference of rank between xi, yi.

If there is no same rank, Spearman rank correlation

coefficient can be expressed as:

spc � 1 − 6∑d2
i

n n2 − 1( ) (3)

If the same rank exists, it is necessary to calculate Pearson’s

linear correlation coefficient between ranks:

spc � ∑i xi − x′( ) yi − y′( )��������������������∑i xi − x′( )2∑i yi − y′( )2√ (4)

Step 2. Take absolute value. Because the correlation degree

derived by the two algorithms may be positive or negative, but in

fact the correlation degree is similar to the concept of “distance,”

FIGURE 1
Flow chart of combined optimizationmethod for dual feature
screening.
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neither positive correlation nor negative correlation affects the

judgment of the correlation size. Therefore, the correlation

degree is taken as the absolute value to more clearly

represent the correlation between variables. The formula is

shown below.

X i( ) � X i( )| |
Y j( ) � Y j( )∣∣∣∣ ∣∣∣∣ (5)

Step 3.Data normalisation. As two different correlation analysis

methods are used in this paper, the correlation values X(i) and
Y(j) derived from the two algorithms need to be normalised in

order to obtain the final screening results. The normalisation

algorithm used in this paper is (0, 1) normalisation and the

formula is shown below.

xnormalization � x −Min

Max −Min
(6)

Step 4. Assignment of weights. By comparing the magnitude

and distribution of correlation under the two analysis methods, it

is approximated that the screening process of the data set by

Algorithm 1 (grey correlation analysis method) can obtain a

FIGURE 2
Framework of ERα bioactivity prediction model.

FIGURE 3
Schematic diagram of the classification prediction model
framework.

TABLE 1 Evaluation metrics for regression problems.

Full name Abbreviations Meaning

Mean squared error MSE Mean square error

Mear absolute error MAE Mean absolute error

Coefficient of determination R2 Decidability factor
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higher correlation value. Therefore, a weight of 0.6 was assigned

to sequence X(i) and a weight of 0.4 to sequence Y(j). By
assigning weights, the final correlation degree sequence is

obtained. The calculation formula is shown below.

Z k( ) � 0.6X k( ) + 0.4Y k( ) (7)

Step 5. Sorting. The normalised variable data is sorted according

to the magnitude of the correlation values to produce the top

20 most significant sub-descriptors for biological activity.

2.3 Data modelling

The 20 main variables (i.e., molecular descriptors)

obtained from data processing were used to model the

prediction of ERα biological activity by molecular

descriptors of compounds. Data standardisation was first

performed to achieve uniformity of magnitude. The dataset

was then partitioned by K-fold cross-validation to achieve

adequate use of the dataset to fit the prediction model. Finally,

integrated learning is used to combine the Bagging and

Random Forest algorithms through the Stacking method to

build the entire prediction model framework. In summary, the

immediate ERα bioactivity prediction model framework is

shown in Figure 2.

In order to make further classification predictions of the

ADMET properties of the drug, the original 729 molecular

descriptor variables were processed for data in this paper, and

a total of 300 molecular descriptor variables were retained for

data analysis. After normalizing the data, the data were

subjected to model-based feature selection and FDR/FPR-

based feature selection, respectively. After the two model

selections, the classification models obtained from the two

methods were placed into a voting machine to obtain the final

model, and the entire prediction model framework was

constructed. In summary, the classification prediction

model framework for the five specific compound classes is

shown in Figure 3.

2.4 Evaluation of the ERα bioactivity
prediction model

For the ERα bioactivity prediction model, three evaluation

metrics shown in Table 1 are used in this paper.

The mean squared error (MSE) reflects the degree of

correlation between the independent and dependent

variables; the MSE evaluates the degree of variation in

the data.

Mean absolute error (MAE) is the average of the absolute

errors and is often used to reflect the reality of the error in the

predicted values.

FIGURE 4
Scatter plot of ALogP.

TABLE 2 The 20 most significant sub-descriptors (i.e., variables) for
biological activity.

Molecular
descriptors

Grey
correlation

Spearman’s
rank

correlation
coefficient

Normalised
and

weighted
score values

MDEC-23 0.7997 0.5491 0.9999

MLogP 0.7943 0.5452 0.9872

LipoaffinityIndex 0.7954 0.5249 0.9707

CrippenLogP 0.7861 0.4738 0.9081

SwHBa 0.7895 0.4457 0.8883

nC 0.7641 0.4868 0.8821

nT6Ring 0.7809 0.4383 0.8668

n6Ring 0.7861 0.4281 0.8665

BCUTp-1h 0.7821 0.4329 0.8639

SP-5 0.7764 0.4427 0.8631

C2SP2 0.7686 0.4430 0.8499

SP-6 0.7775 0.4201 0.8444

ATSp4 0.7642 0.4444 0.8437

ATSp2 0.7601 0.4443 0.8365

ATSp5 0.7537 0.4514 0.8321

ATSp3 0.7648 0.4296 0.8312

maxsOH 0.7460 0.4619 0.8284

ATSp1 0.7550 0.4439 0.8274

nHaaCH 0.7632 0.4226 0.8221

naaCH 0.7632 0.4226 0.8221
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This coefficient is often used to reflect the degree of reliability

of changes in the dependent variable in a regression model. The

higher the value, the better the predicted value fits the true value.

2.5 Evaluation of classification prediction
models for ADMET properties of
compounds

The experimental data was designed to reduce the rate of

misclassification by drug developers, in order to ensure

robustness. In this paper, five performance comparison

metrics were selected: accuracy, precision, recall, F1 value,

Cohen’s Kappa coefficient and ExtraTreesClassifier accuracy.

The formulae for each evaluation metric are shown below.

The accuracy rate is calculated as shown in Table 2.

Accuracy � TP + TN

TP + TN + FP + FN
(8)

where TP is a positive example judged to be positive, FP is a

negative example judged to be positive, TN is a negative example

judged to be negative and FN is a positive example judged to be

negative.

The accuracy rate is calculated by the formula:

Pr ecision � TP

TP + FP
(9)

The recall is calculated as:

Recall � TP

TP + FN
(10)

The F1 value is calculated using the formula:

F1 � 2TP
2TP + FP + FN

(11)

The Cohen’s Kappa coefficient is calculated as:

k � p0 − pe

1 − pe
(12)

Where, p0 represents the observed compliance rate and pe
represents the opportunity compliance rate.

2.6 ROC curve

Horizontal axis FPR: 1-TNR, 1-Specificity. The larger the

FPR, the more actual negative classes in the predicted positive

classes. Vertical axis TPR: Sensitivity. The larger the TPR, the

more actual positive classes in the predicted positive classes. The

closer the ROC curve is to the (0, 1) point, the more it deviates

from the 45° diagonal, the better.

3 Results

3.1 Dataset description

The optimized modelling of anti-breast cancer drug candidates

(2021) dataset provided by CCSA was used. The 729 molecular

descriptors of 1974 compounds in it were used as dependent

variables to find the molecular descriptors among them that

could significantly affect ERα activity as feature variables for

subsequent questions. Inevitably, there are some anomalies in the

data used as dependent variables, which will interfere with the

selection of the characteristic variables and have a collateral negative

impact on the solution of the subsequent problem. For example, a

large proportion of the numerical columns of the molecular

descriptors have null (0) or almost null (0) values.

If there are too many null values, the data reliability of the

variable will be low, and it is considered that the molecular

descriptors corresponding to these data are unlikely to become

feature variables and will waste arithmetic power in the subsequent

screening of the feature vectors. Therefore, in this step, the

numerator descriptors with 95% of the data items being null are

eliminated. The data visualisation also revealed some outliers in the

data, and a scatter plot of one of the columns is shown in Figure 4.

The raw data was normalised and after noise and

dimensionality reduction to form the experimental dataset.

Using the KS test, the study found that the data samples did

not satisfy a normal distribution, which in turn led to the use of

an outlier treatment based on box plot analysis.

TABLE 3 Descriptions of null-valued columns (e.g., nB).

Count 1974

Mean 0

Std 0

Min 0

25% 0

50% 0

75% 0

Max 0

TABLE 4 Evaluation data of the dual feature screening combination
optimisation method.

Weighted score MAE MSE R2

MLPRegressor 1.3723 3.2465 −0.6000

GradientBoostingRegressor 0.6828 0.8280 0.5900

RandomForestRegressor 0.6104 0.6873 0.6607

AdaBoostRegressor 0.8500 1.1100 0.4500
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After sorting each column of data from smallest to largest, the

interval between the values of the first and third quartiles is taken

as the acceptable range, where the upper bound is the third

quartile—IQR (IQR = third quartile–first quartile) and the lower

bound is the first quartile—IQR, and numbers outside this value

area are considered outliers. These outliers are taken to

correspond to the element values, with outliers over the upper

bound being taken to the upper bound and those over the lower

bound being taken to the lower bound, otherwise they remain as

they are. Then go back to Step 1 and clear the column with the

higher number of null values. As shown in Figure 5.

Through the above data processing, a total of 430 molecular

descriptors were removed. The final 20 molecular descriptors

(i.e., variables) with the most significant impact on bioactivity as

a result of the dual feature screening combined optimisationmethod

are shown in Table 3.

The results of the Spearman rank correlation coefficient

processing for this study are shown in Figures 6, 7

3.2 Data set variable screening
combination optimisation

The 20 features derived from the dual feature screening

combination optimisation method, Spearman’s algorithm and

the grey correlation algorithm were substituted into the

correlation regression model and the MAE, MSE and R2 were

used to evaluate the advantages and disadvantages of the three

methods. The table below shows the results of the above

experiments. From the data in the table, it is analysed that the

dual feature screening combination optimisation method used in

this paper has better results. As shown in Table 4.

3.3 Model performance

3.3.1 ERα bioactivity prediction model evaluation
By analysing the various algorithm evaluationmetrics, we found

that the MLP performed poorly regardless of the metrics, and the r2

value of AdaBoostRegressor was consistently below 0.5, so it was also

out of our selection range. The final model is the result of fusing the

random forest and GradientBoostingRegressor after tuning the

parameters through a grid search. As shown in Figure 8.

The results in Table 5 show that the model after stacking

performs better than the original two models in all three scoring

metrics, and also that this model is realistic in the field of machine

learning when the R2 value is greater than 0.7 and the fitted

function is more realistic.

3.3.2 Evaluation of classification prediction
models for the ADMET properties of compounds

For the classification prediction models of the ADMET

properties of compounds, the results of the evaluation of the

five target value related classification models are given below. It

FIGURE 5
Schematic diagram of the box line diagram.

FIGURE 6
Statistical results of 20 bioactive molecules based on Grey
correlation analysis.

TABLE 5 Evaluation metric values for each algorithm.

MAE MSE R2

GradientBoostingRegressor 0.6732 0.7927 0.6087

RandomForestRegressor 0.6180 0.6752 0.6600

Stacking 0.5940 0.6436 0.7002
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can be seen that in most cases, the model set up in this paper

prevails. Of course, the effect is not significant due to the

inherently low scores of the initial models. As shown in Table 6.

In the following results, the roc diagram about the two

toxicity indicators is given. Figures 9, 10, it can be seen that

the classification effect for these two indicators is good.

The resulting three classification models were placed into the

voting machine, which is the final model. Five final models were

obtained onfive validation sets with accuracy: 0.92,0.95,0.91,0.76,0.96;

F1 values: 0.91,0.96,0.92,0.80,0.97 respectively.

4 Discussion

In today‘s society, breast cancer is the most common and lethal

cancer and is the leading cause of cancer death in women (Desantis et

al., 2015), and related studies have confirmed that breast cancer is

genetically risky (Lilyquist et al., 2018). The expression of estrogen

receptor ERα is closely related to the development of breast cancer,

and this gene is involved in the proliferation and differentiation of

breast cancer cells (Geng, 2016). Currently ERα is considered an

important target for the treatment of breast cancer (Xu, 2018).

Researchers have found that the ADMET module ensures that the

corresponding compound becomes a candidate with good

pharmacokinetic properties and safety (Dejun et al., 2018). Thus,

machine learning can effectively reduce the cost of drug research and

development and improve the stability and accuracy of prediction

models (Wang et al., 2006). Scholars have determined that the optimal

cut-off values for E2 and FSH in serumcan assessCIA in breast cancer

populations in southern China (Yang et al., 2022). Estrogen receptors

alpha (ERα) in estrogen has been found to be an important target for

the treatment of breast cancer (Chang et al., 2013).

We collected data on anti-breast cancer drug candidates

provided by the China Association for Science and Technology,

which provided 974 compounds (samples) and 729 molecular

descriptors (variables) information. The dataset is therefore

highly representative and generalizable. In this study, random

forest algorithm and Bagging regression algorithm were used to

construct a quantitative prediction model of ERα bioactivity by

compounds, and two model selection features, ExtraTreesClassifier

and GradientBoostingClassifier, were selected. According to the

actual situation, taking into account the properties of target

value, fdr-based method is adopted to improve F1 value in

feature selection. At the same time, the feature selection method

based on model also has high accuracy. Both vote to ensure the

accuracy of the final model.

It is shown that the weighted scores obtained by grey correlation

and Spearman coefficient are more suitable for the data distribution

characteristics of anti-breast cancer candidates. In this study,

20 molecular descriptors with strong antagonistic effects were

selected from 729 molecular descriptors. These are MDEC-23,

MLogP, LipoaffinityIndex, etc. Random forest algorithm and

Bagging regression algorithm were selected to construct the

model, and then Stacking model fusion method was used to

establish the prediction model framework. The model showed

good performance in MAE, MSE and three scoring indexes after

Stacking, and the predicted result value of the model on the

validation set was 0.7, which proved that the model could

accurately predict. According to the classification prediction

model of ADMET properties of compounds, two feature

selection methods were used to screen the features, and three

classification models obtained by the two methods were placed

into the voting machine to obtain high accuracy and F1 values.

Therefore, the model established in this study is of great significance

in assisting prediction of ERα biological activity and improving the

development efficiency of specific drugs for breast cancer.

TABLE 6 Evaluation of classification models for each algorithm with CYP3A4 as the target value.

Algorithms Accuracy Accuracy Recall rate F1 value Cohen’s Kappa coefficient

LogisticRegression 0.9367 0.9626 0.9529 0.9577 0.8321

ExtraTreesClassifier 0.9367 0.9564 0.9596 0.9580 0.8298

RandomForestClassifier 0.9468 0.9600 0.9697 0.9648 0.8560

Integrated learning models based on Stacking methods 0.9538 0.9668 0.9581 0.9634 0.8816

FIGURE 7
Statistical results of 20 bioactive molecules based on
Spearman rank correlation coefficient analysis.
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Despite the good results, there are limitations in this study.

In future anti-breast cancer drug screening efforts, this study

should attempt to collect more datasets for machine learning

training, draw on expert opinion, and continuously optimise

the feature generation tools to improve the accuracy and

stability of the model. Through the interdisciplinary

FIGURE 9
Classification model roc curve with hERG as the target value.

FIGURE 8
Feature variables and pIC50 fit results.
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collaboration between machine learning and

biopharmaceuticals, we can reduce the cost of

pharmaceuticals, reduce the error rate of drug developers,

and provide a reference for similar drug development work.

5 Conclusion

A quantitative prediction model for ERα bioactivity and a

classification prediction model for ADMET properties of

compounds were developed, which can assist in the

development of specific drugs for breast cancer. With the high

accuracy of the models, the cost of drug development and the rate

of misclassification by developers can be effectively reduced.
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Myocardial infarction is a very dangerous cardiovascular disease with a highmortality
rate under the modern developed medical technology. miRNA is a small molecule
regulatory RNA discovered in recent years, which can play an important role in many
cancers and other diseases. Medical data, machine learning and medical care
strategies supporting the Internet of Things (IoMT) have certain applications in
the treatment of myocardial infarction. However, the specific pathogenesis of
myocardial infarction is still unclear. Therefore, this paper aimed to explore the
expression of microRNA-320 and microRNA-204 in myocardial infarction and used
the expression of microRNA-320 and microRNA-204 to predict the prognosis of
patients with myocardial infarction. In order to discuss the expression of microRNA-
320 and microRNA-204 in myocardial infarction in more detail. In this paper,
40 patients in the trial period were selected for clinical research, and 10 patients
with normal cardiac function were selected in NHF group as control
group. 10 patients with heart failure were selected as AMHF group. 10 patients
with acute myocardial infarction were selected as AMNHF group. 10 patients with
heart failure after old myocardial infarction were selected as OMHF group. AMHF
group, AMNHF group and OMHF group were taken as the case group. This paper
analyzed the difference of miR between different groups and determined that there
were significant differences in the expression of miR-320 and miR-204 between
different groups. Finally, the expression and prognosis of miR-320 and miR-204 in
myocardial infarction were analyzed. The analysis results showed that the expression
of microRNA-320 and microRNA-204 can inhibit the activity of myocardial cells. On
the fifth day, the corresponding expression of microRNA-320 and microRNA-204
reduced the optical density of myocardial cells to 1.75 and 1.76, which was
significantly lower than that on the first day. Moreover, excessive miR-320
expression and excessive miR-204 expression can increase the apoptosis rate of
myocardial cells. The above results indicated that the high expression of microRNA-
320 and microRNA-204 can be a bad prognostic factor in patients with myocardial
infarction, showing that medical data, machine learning and medical care strategies
supporting IoMT can play a role in the treatment of myocardial infarction. Therefore,
it is urgent to understand the pathogenesis of heart failure after myocardial infarction
and find new treatment schemes to improve the positive prognosis.
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1 Introduction

In developed countries, heart failure after myocardial infarction is
an important cause of hospitalization and death. With the
development of medical technology, the survival rate of patients
has also been improved and the life cycle of patients with heart
failure has also been extended. However, the aging population in
China has led to an increasing incidence of heart failure year by year.
Heart failure is a major public health problem facing China in the 21st
century. In the past 10 years, although the treatment strategy of heart
failure has changed from simply short-term hemodynamics to the goal
of inhibiting and delaying the development of cardiac remodeling, its
5-year mortality is still close to that of malignant tumors. Therefore, to
seek new therapeutic targets and reduce the mortality of patients are
the most important for heart failure after myocardial infarction.

Myocardial infarction is still one of the diseases with the highest
mortality rate, and there are many researches on the treatment of
myocardial infarction. Fan Xiaoming studied the role of interleukin-10
in reducing renal injury after myocardial infarction in diabetes. The
experimental results suggested that interleukin-10 is expected to
become a detection index of myocardial infarction in diabetes (Fan
et al., 2022). Reed Grant W studied the treatment and nursing of acute
myocardial infarction. Through the analysis of the follow-up
treatment results of 100 patients with acute myocardial infarction,
he suggested that acute myocardial infarction should be nursed with
traditional Chinese medicine to alleviate the pain of patients (Reed
et al., 2017). Qiao Xiaoying explored the role of renal cortex matrix
metalloproteinase-9 in the clinical treatment of myocardial infarction
and believed that renal cortex matrix metalloproteinase-9 is an
important factor to promote the recovery of myocardial injury
after acute myocardial infarction (Qiao et al., 2022). Although
there are many studies on the etiology and treatment of myocardial
infarction, the specific pathogenesis is not particularly clear.

For the specific pathogenesis of myocardial infarction, many
scholars have discussed the expression level of related factors. Dai
Wangde showed the specific mechanism of myocardial ischemia in
rats through the rat model of myocardial infarction, and he found that

some factors had obvious relationship with the area of myocardial
infarction and cardiac blood return in rats (Dai et al., 2022). Goncalves
Meire S found that nerol can cause acute myocardial infarction in rats
and can reduce the acute myocardial infarction induced by
isoproterenol in rats by studying the rat model (Goncalves et al.,
2022). Li Jianwei’s research indicated that the lack of breast cancer
activating factor can aggravate the inflammatory reaction in mice with
acute myocardial infarction. He analyzed the expression of breast
cancer activator before and after inflammation through the mouse
myocardial infarction model (Li et al., 2022). It can be found that most
scholars focus on common factors for the expression of myocardial
infarction related factors, and there are not many studies on the
relationship between MicroRNA (miRNA) and myocardial infarction.

This paper analyzed the expression of microRNA-320 and
microRNA-204 in myocardial infarction, which was rarely studied
by predecessors. In addition, microRNA-320 and microRNA-204 are
frequently thought to have a stronger connection to cancer and have a
role in the development of cancer. The expression of microRNA-320
and microRNA-204 in myocardial infarction, however, has not
received much attention. Therefore, the research in this paper is of
great significance for the treatment of future myocardial infarction and
the subsequent research on miRNA.

2 miR-320, miR-204 and myocardial
infarction

2.1 Medical data, machine learning and
healthcare strategies supporting IoMT

In myocardial infarction, metabolic remodeling is regarded as a
compensation of adaptive ability. However, as time goes on, it may
become a harmful result, which can eventually destroy the energy
metabolism of the heart and the systolic frequency of the heart. At the
same time, the decrease of the fatty acid intake and oxidation level in
patients with myocardial infarction and the increase of blood glucose
concentration have an important relationship with metabolic remodeling.

TABLE 1 Main parameters required for the experiment.

Serial no Abbreviation Full name

1 LVEDV Left ventricular end diastolic volume

2 LVESV Left ventricular end systolic volume

3 IVS Interventricular septal

4 PWTs Posterior wall thickness at end-systole

5 LVIDd Left ventricular internal diameter at end-diastole

6 LVIDs Left ventricular internal diameter at end- systole

7 LVEF Left ventricular ejection fraction

8 LVFS Left ventricular fractional shortening

9 cESS Circumferential end-systolic wall stress

LVEF, LVFS, cESS, and MEE, are finally calculated by the relevant indicators in Table 1. The calculation process is as follows.
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The myocardial diameter and the quality of myocardial cells in the late
diastole are also related to metabolic remodeling. In myocardial cells of
patients with myocardial infarction, the protein content is decreased, and
main fatty acid transportation βOxidase and the expression ofmiRNA are
also decreased. In the myocardial biopsy, the blood glucose intake and
metabolism of patients with dilated cardiomyopathy have been
significantly improved. In addition, some studies have shown that
improving the utilization of fatty acids and sugars is an effective means
to treat heart failure after myocardial infarction. In recent years, scholars
from China and other countries have discussed the changes of small
molecule metabolite content, aiming to explore the pathogenesis of heart
failure and find new therapeutic targets (Redfors et al., 2021).

Amino acids play a vital role in human vitality and biosynthesis.
Some amino acid metabolism abnormalities, such as miRNA and
branched chain amino acids, can activate the signal transduction
pathway of rapamycin target protein, thus promoting myocardial
remodeling and causing heart failure (Blankenberg et al., 2018). In
this paper, the difference of plasma amino acid metabolite miRNA
between patients with heart failure and those without heart failure
after myocardial infarction was analyzed by liquid chromatography
tandem mass spectrometry. The most different metabolites and the
pathogenesis of heart failure were investigated by cell test. This paper
analyzed the changes of amino acid metabolism in plasma of patients
with heart failure after myocardial infarction were and found the
related metabolic indexes, and the pathogenesis was discussed.

2.2 miR-320 and miR-204

miRNA is tiny molecules that contain about 22 different kinds of
coding RNAs (Ferhat et al., 2022). MiRNA is not only involved in the
regulation of cell metabolism, differentiation, growth and apoptosis,
but also in the occurrence and development of many diseases, such as
tumors. In recent years, it has been new discoveries about miRNA in
terms of heart failure, arrhythmia, cardiomyocyte apoptosis, vascular
regeneration, etc. At present, the function of miRNA in human heart
disease has been studied from patients with heart failure. Heart failure
after myocardial infarction is mainly due to heart pump failure, which
can not provide sufficient blood supply for the heart. Heart failure and
sudden cardiac death are related to pathological myocardial
hypertrophy. Therefore, it is very meaningful to explore its
molecular mechanism and find new targets. Cardiac hypertrophy is
mainly due to the activation of signal transduction and transcriptional

regulation in cells, which leads to the enlargement of myocardial cells
and the increase of interstitial synthesis. From 2006 to now, the
correlation between miRNA and myocardial hypertrophy and heart
failure has received extensive attention (Palsson et al., 2020). Cell
culture experiments have shown that different miRNAs play an
important role in the pathological changes of cardiac hypertrophy.

The expression level of miRNA can predict the development of the
disease and may be a new therapeutic target for cardiovascular disease.
However, it is very difficult to detect the myocardial tissue
abnormalities in patients at an early stage. Therefore, it is very
important to find new miRNA research methods. In this paper,
different stages of heart failure caused by myocardial infarction
were selected through miRNA array method to detect and compare
the miRNA array of each group. Several miRNAs with the most
significant differences between groups were screened to find specific
antibodies to heart failure at different stages. New markers of heart
failure and new miRNA regulatory pathways have been explored.

2.3 Calculationmethod of heart failure degree

The degree of heart failure can be evaluated by myocardial energy
expenditure (MEE) (Swain et al., 2020). MEE detection in clinical
practice is simple, safe, cheap, stable and reusable. At present, there are
many indicators to evaluate MEE, such as maximum myocardial
oxygen consumption, left ventricular systolic wall pressure, systolic
wall stress time integral, pressure volume work, maximum left
ventricular pressure, average velocity of myocardial annular
shortening, average velocity of myocardial annular contraction,
pressure work index, pressure volume area, etc.

The left atrial end systolic stress is a non-invasive measurement
method. In addition, the multispectral imaging technology can analyze
the blood flow through the aorta and accurately measure the stroke
volume and ejection time. Therefore, circumferential end-systolic wall
stress (cESS) can be used to replace the left ventricular systolic tension,
so that patients with myocardial infarction can be evaluated non-
invasive. In addition, studies have proved that the left ventricular
external work is in direct proportion to the average cardiac pressure
and cardiac output (Cerisano et al., 2019).

The patient should lie on the left side to be examined by PHILIP
7500 color Doppler ultrasound. At the same time, ECG signals should
be recorded. The standard profile recommended by the American
Ultrasonic Association is adopted, and the S3 ultrasonic probe is
adopted, with the probe frequency of 2.5 MHz. The main parameters
required for the experiment are shown in Table 1.

LVEF:

LVEF � LVEDV − LVESV

LVEDV
× 100% (1)

LVFS:

LVFS � LVM

BSA
(2)

LVM � 0.8 × 1.4 × LVIDd + IVS + PWTs( )3 − LVIDd3[ ] + 0.6

(3)
BSA � 0.0061 × height + 0.0128 × weight − 0.1529 (4)

Among them, LVM represents the mass of left ventricle and BSA
represents the body surface area.

FIGURE 1
miRNA labeling steps.
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cESS:

cESS �
SBP × LVIDs/2( )2 × 1 + LVIDs/2+PWTs( )2

LVIDs/2+PWTs/2( )2
{ }

LVIDs/2 + PWTs( )2 − LVIDs/2( )2 (5)

SBP is the systolic pressure measured by Mercury cuff
sphygmomanometer.

MEE:
MEE � cESS × LVET × LVSV × heart rate( ) × 4.3 × 10−7 (6)
LVSV is left ventricular stroke volume.

3 Experiment on expression of Mir-320
and Mir-204 in myocardial infarction

3.1 Test object

3.1.1 Case group
The patients with myocardial infarction hospitalized in a hospital

from October 2020 to October 2021 were selected as the research objects,
and 40 patients were randomly selected as the observation objects in this
experiment. According to the myocardial infarction’s progression, they
were split into four groups. One group is theNHF group, which stands for
the control group with normal myocardial function. Patients with heart
failure, those with acute myocardial infarction, and those with heart
failure following an older myocardial infarction make up the other three

case groups. These groups are designated as AMHF group, AMNHF
group, and OMHF group, respectively. All participants are aware of the
experimental content and signed the informed consent form to agree and
cooperate with the experiment.

3.1.2 Inclusion criteria
Patients with myocardial infarction who meet the diagnostic

criteria of coronary heart disease: there are typical chest tightness,
chest pain and elevation of S and T segments of ECG
(electrocardiogram), and coronary angiography result shows acute
coronary artery occlusion. Acute myocardial infarction is evaluated
according to the killip grade. The killip score of patients in the AMHF
group is more than II, and the killip score of patients with AMNHF is I
(Abbasloo et al., 2020).

Patients who have had an old myocardial infarction and are
experiencing heart failure must fulfill two criteria. First, they
should have a history of coronary heart disease and coronary
intervention. Second, they should have a cardiac function score of
Grade 3 or above as determined by the New York Heart Association
(Engel and Rockson, 2020).

3.2 Experimental data collection

3.2.1 Collection and numbering of plasma samples
The enrolled patients should keep stomach empty in the morning

of the next day after entering the group. They were collected 3 mL of

TABLE 2 General clinical data between different groups.

NFH(10) AMHF(10) OMHF(10) AMNHF(10) p-value

Age 56.26 58.54 59.33 57.36 1.171

Height m) 1.62 1.64 1.65 1.65 1.986

Weight (kg) 55.34 55.87 57.54 52.78 .765

Male (proportion) 5 (50%) 4 (40%) 6 (60%) 5 (50%) .875

BMI(kg/m2) 22.76 22.65 22.34 23.65 1.232

FIGURE 2
Volcanic map of differential expression miRNA. (A) Volcano Plot (AMHF & AMNHF) (B) Volcano Plot (AMHF & OMNHF) (C) Volcano Plot (AMHF & NHF).
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TABLE 3 Differentially expressed miRNAs between NHF group and AMNHF group.

Name Fold change p-value

Up regulation of expression Hsa-mir -409-3p 6.653 .013

Hsa-mir-26b-5p 5.765 .032

Hsa-mir-369-3p 5.543 .035

Hsa-mir-148b-3p 4.432 .041

Hsa-mir-329 4.132 .047

Down regulation of expression Hsa-mir-320 .765 .001

Hsa-mir-204 .643 .005

Hsa-mir- 20b-3p .543 .014

Hsa-mir-767-5p .532 .018

Hsa-mir -299-5p .412 .023

TABLE 4 Differentially expressed miRNAs between NHF group and OMHF group.

Name Fold change p-value

Up regulation of expression Hsa-mir-3941 6.753 .015

Hsa-mir-338-5p 5.755 .034

Hsa-mir-433 4.546 .041

Hsa-mir-19a-3p 4.432 .045

Hsa-mir-329 4.165 .049

Down regulation of expression Hsa-mir-320 .865 .003

Hsa-mir-204 .748 .007

Hsa-mir-2110 .663 .015

Hsa-mir-l247-5p .542 .019

Hsa-mir-296-5p .432 .025
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peripheral venous blood through an ethylene diamine tetraacetic
acid anticoagulant catheter, and plasma was separated 2 h later.
The collected plasma was transferred to a 1 mL standard non
RNA enzyme centrifuge tube. In different centrifuge tubes, the
plasma of five patients is 100 ul each, a total of 500 ul, which
should be put in the refrigerator at - 80°C.

3.2.2 miRNA labeling
The flow chart of miRNA labeling is shown in Figure 1.

Specifically, it includes six steps: 1) 3′polyadenylation; 2)
5′adapter connection; 3) the oligo-dT primer containing a
3′adapter at the 5′end is used for reverse transcription; 4) PCR
(polymerase chain reaction) detection is performed with primers
containing promoters and complementary sequences of 3′and
5′adapters to the connected miRNA samples; 5) Polymerase
dependent labeling, 6) purification of labeled products.

3.2.3 Data analysis
The scanned image is extracted by GenePixPro6.0 software,

and the average value is obtained by repeating 10 times. The
miRNAs with a gene expression intensity of 50 or higher in all
samples are medially normalized. The independent t-test is used
to screen miRNAs. The Volcano Plot is obtained by taking Fold
Change as the abscissa and the negative logarithm of P-log10
(p-value) as the ordinate. When the variation is more than
1.5 times, and p < .05, the gene expression difference between
the two samples can be directly obtained.

All measurement data are expressed in terms of average
standard deviation. When two measurement data conform to
normal and variance, two independent t-tests are used
respectively. If they do not conform, a modified t-test is used.
S When multiple groups of measurement data conform to the
positive and the square difference, the analysis of variance
method is used; otherwise, the Welch test is used.
PSS13.0 statistical software is used to analyze the data.

3.3 Differentiated miRNA

The general clinical data of different groups are shown in
Table 2. It can be seen that the patients in the four groups have
similar physical conditions. The BMI is about 22.5, and the
p-value is 1.232. There is no difference. In the basic situation,
such as age, height and sex, the p-value is greater than .05,
indicating that there is no difference in the physical condition of
each group of patients, and subsequent experiments can be
carried out.

3.3.1 Volcanic map for screening differential
miRNA expression

Volcanic images are an effective means to intuitively display the
differences between various samples. The index includes expression
variation multiple and p-value, which can clearly reflect the
relationship between different magnification (variation
measurement) and statistical significance (taking into account the
variation degree and variation degree). According to different data,
they can be isolated from a group of special genes. In order to reveal
miRNAs with significant differences in gene expression, volcanic
maps of different groups were selected. The results are as shown inTA
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Figure 2. The blue dotted line is perpendicular to the coordinate axis,
indicating a rise or decrease of 1.5 times, and the red dot indicates
significant differential expression of miRNA. As shown in Figure 2A, the
differentially expressedmiRNAs inAMHF andAMNHF groups aremore
concentrated. As shown in Figures 2B,C, the differentially expressed
miRNAs in AMHF and OMNHF groups are more dispersed.

3.3.2 VDifferentially expressed miRNAs
MiRNAmicroarray analysis is a method to detect the difference of

miRNA expression between patients with heart failure and normal
control group by using peripheral venous blood plasma detection
technology, so as to screen out differential miRNAs. The successful
detection of differential miRNAs can find new heart failure markers,
thus laying the foundation for new therapeutic goals.

As shown in Table 3, the five miRNAs with the largest difference in
up regulation of expression between NHF group and AMNHF group
are miR-409-3p, miR-26b-5p, miR-369-3p, miR-148b-3p and
miRNA-329, respectively. The five miRNAs with the largest
difference in down regulation of expression are miR-320, miR-204,
miR-20b-3p, miR-767-5p and miR-299-5p, respectively.

As shown in Table 4, the five miRNAs with the largest difference in
up-regulated expression between NHF group and OMHF group are
miR-3941, miR-338-5p, miR-433, miR-19a-3p and miR-329
respectively. The five miRNAs with the largest down-regulation
differences were miR-320, miR-204, miR-2110, miR-l247-5p and
miR-296-5p, respectively.

As shown in Table 5, the five miRNAs with the largest difference in
expression up regulation between NHF group and AMHF group are
miR-3667, miR-4275, miR-647, miR-1284 and miR-1306-3p,
respectively. The five miRNAs with the largest difference in
expression down regulation are miR-320, miR-204, miR-205-5p,
miR-423-5p and miR-21-3p, respectively.

By comparing the difference miRNAs between the control group
and different case groups, it can be found that there are significant
differences in miR-320 and miR-204 between patients with normal
myocardial function and patients with myocardial infarction, and this
difference occurs in each course of disease. Therefore, it is meaningful
to make targeted diagnosis and treatment of myocardial infarction
through miR-320 and miR-204.

3.4 Expression of miRNA in myocardial
infarction

3.4.1 Construction and packaging of miRNA
lentivirus

The selected gene information was miR-204-3p and miR-320C.
The carrier information is GV254. The sequence of elements is Ubi-
EGFP-MCS-IRES-Puromycin, and the cloning site is Nhe I.

The acquisition of target gene fragments is shown in Table 6.
The target gene is extracted from the plasmid containing the target

gene by PCR technology, and the target vector is digested. After
electrophoretic extraction, it is exchanged, and the final result is
bacterial competent cells. The isolated clone is detected by PCR
technology, and then the positive clone detected by PCR method is
compared with it. If there is no error, the target gene can be obtained.

3.4.2 Cell resuscitation and culture
The cells were separated from liquid nitrogen and quickly poured

into 37°C water for rapid dissolution. It was then transferred to a
centrifuge containing medium and centrifuged at room temperature
for 5 min. The speed is 1,000 rpm. After centrifugation, the
supernatant was removed and blown with fresh medium and then
transferred to the culture bottle for culture in the incubator. 10%
bovine serum protein and 1% penicillin streptomycin double antibody
solution were used to culture in the medium at 37°C and saturated
humidity. Cells with logarithmic growth cycles were used in the
experiment.

In the case of high density, cell passage must be carried out. The
suspension cells were discarded at a ratio of 1:2-1:4 and then cultured
in a new complete medium. During passage, the old medium was
discarded and washed with normal saline, and then .25% trypsin was
added into the culture dish. When the cell volume increased, the
complete culture medium was added. The cells were dried and then
sent to a centrifuge, and then the supernatant was poured out,
resuspended, and divided into a new medium at a ratio of 1:2-1:4.

3.4.3 Cell cryopreservation
The cells were centrifuged at normal temperature for 5 min and

then resuspended and transferred to a labeled refrigerated container.
The container should be placed in a freezer at minus 80°C to transfer to
liquid nitrogen the next day for long-term freezing.

3.4.4 Cell proliferation test
Myocardial cells in logarithmic growth cycle were counted after

suspension from body weight. Cells in the 24 well plate were seeded
into the 24 well plate according to the density of 105 cells per well.
Myocardial infarction differential miRNA and different
concentrations of myocardial infarction drugs were added. At the
same time, the blank culture medium and blank control group were set
(only the same number of cells were added, without any other
treatment) and placed in the culture dish for 48 h. The cells in the
24 well plate were transferred to the 96 well plate, 200 ul for each well,
and four well plates in each group were incubated at 37°C for 3 h. The
microplate reader was used to measure the optical density (OD)
absorption value at the wavelength of 490 nm. Under stable
transfection conditions, 200ul × 104 cells were placed on 96 well
plates, and 20 ul nutrient solutions were added at different culture
times. The OD value was determined after incubation at 37°C for 3 h.

TABLE 7 PCR reaction system.

Serial no Components Volume (ul)

1 Upstream primer .25

2 Downstream primer .25

3 cDNA 1.00

TABLE 6 Target gene segment.

Name Seq

1 hsa-mir-204-p1 AGCTGTACAAGTAAGCCTGATCATGTACCCATAGG

2 hsa-mir-204-p1 GGGAGAGGGGCTTAGCTTATGGGACAGTTA
TGGGC

3 hsa-mir-320c TAAACTCGAGGAGGGGGAAAAAAAGACCTGAT
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3.4.5 Detection of protein expression by western
blot
3.4.5.1 Extraction of whole cell protein

The cells of the three same treatment groups in the 6-well plate
were gathered together for centrifugation and washed through the pre
cooled PBS (phosphate buffered saline) to absorb the supernatant as
much as possible. Next, the inhibitor of 1% phosphatase and protease

was added, and the cells were subjected to ultrasonic wave for 5 s on
the ultrasonic cell grinder after repeated blowing.

3.4.5.2 Determination of sample protein concentration
18 ul PBS and two ul protein supernatant were added to the 96 well

plate hole, and 200 ul premixed water-soluble compound working
solution was added to fully mix and put in the 37°C incubator for

FIGURE 3
Expression of miRNA in each group at different concentrations. (A) 0.5uM (B) 2uM.

FIGURE 4
Fluorescence quantitative PCR detection results after miRNA transfection. (A) PCR detection of miR-320 up regulation. (B) PCR detection of miR-204 up
regulation.
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30 min. The protein concentration of each sample is calculated
according to the standard curve formula and then multiplied by
the corresponding dilution multiple to obtain the protein
concentration.

3.4.5.3 Protein electrophoresis
The bottom of 10% of the preform was torn to get a white

adhesive strip, and then the rubber was added to the
electrophoresis buffer in the electrophoresis tank. The liquid
wass injected beyond the conductor. The comb was pulled out,
and the comb hole was cleaned with electrophoresis buffer to
remove foam and adhesive. According to the preset sampling
sequence and feeding amount, the protein sample shall be
placed in the comb hole marked with protein. At the beginning
of electrophoresis, the constant voltage should be 80 V. When the
protein is gradually separated, the voltage should be increased to
140 V until the electrophoresis is completed.

3.4.5.4 Protein transfer
After electrophoresis, the glue, polyvinylidene fluoride membrane,

filter paper and sponge pad were cleaned in themembrane rotation buffer
solution to ensure that no bubbles are generated between each
component. Next, the electrophoresis plate was placed in the groove
of the rotary film buffer, ensuring that the adhesive faces black (cathode),
and the polyvinylidene fluoride film faces white (anode), with a constant
current of 350 mA. The membrane transfer time is usually 90–180 min,
depending on the molecular weight of the target protein.

3.4.6 Detection of target gene expression level
The myocardial cells were reverse transcribed into RNA and

complex DNA. The PCR reaction system is shown in Table 7.

3.4.7 Expression of microRNA-320 and microRNA-
204 in cardiomyocytes treated with demethylated
drugs

Demethylated drugs can play a certain role in the treatment of
patients with myocardial infarction. It can be seen from the above text
that compared with patients with normal myocardium, the expression
levels of microRNA-320 and microRNA-204 in patients with
myocardial infarction are significantly reduced. Therefore, .5 umol
and two umol of demethylated drugs were used to treat myocardial
cells, and the expression levels of microRNA-320 and microRNA-204
genes were studied. The results are as shown in Figure 3, and Figure 3A
shows the situation that the drug is .5 umol; Figure 3B shows the
situation where the drug is 2umol. It can be clearly found from
Figure 3 that different concentrations of demethylated drugs have
certain protective effects on myocardial cells and have certain effects
on the expression levels of microRNA-320 and microRNA-204.

3.4.8 Exogenous oligonucleotide transfection is
highly utilized to express miRNA expression levels in
myocardial cell lines

The results are shown in Figure 4. In subsequent experiments,
oligonucleotides were used to transfect cardiomyocytes, and the
expression of microRNA-320 and microRNA-204 in
cardiomyocytes was detected by fluorescence quantitative PCR
within 48 h. U6 was analyzed as an internal reference gene. As
shown in Figure 4A, the level of miR-320 in myocardial cell lines
transfected with oligonucleotides has been greatly improved.
Compared with normal myocardial cells, the level of miR-320 has
increased by about 215. As shown in Figure 4B, the miR-204 level of
myocardial cell line transfected with oligonucleotides is 5 times higher
than that of normal myocardial cells, which is significantly increased.

3.4.9 Overexpression of miRNA inhibits the cell
activity of myocardial cell lines

In order to analyze the specific effects of miRNA on
cardiomyocytes, overexpression of miRNA was used to culture
cardiomyocytes. The experiment was divided into 5 days, and the
expression levels of microRNA-320 and microRNA-204 were
gradually increased to observe the cell activity. The change of OD
value for five consecutive days is shown in Figure 5. It can be found
that with the increase of miR-320 and miR-204 expression levels over
time, the OD values continued to decline, and the OD values on the
fifth day were 1.75 and 1.76, respectively. This shows that the cell
activity continues to decline, which means that the overexpression of
miR-320 and miR-204 can reduce the activity of myocardial cells.

FIGURE 5
Change of OD value of cells in 5 days.

FIGURE 6
Relationship between overexpression of miR-320 and miR-204
and apoptosis in different groups.
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In order to analyze the impact of overexpression of miR-320 and
miR-204 on patients in different groups, the apoptosis rate of
myocardial cells in the case of overexpression of miR-320 and
miR-204 was tested respectively. The results are shown in Figure 6.
The overexpression of miR-320 and miR-204 has a significant impact
on the apoptosis rate of myocardial infarction patients.

3.4.10 Comparison of myocardial function indexes
between the two groups after treatment

At present, the function of miRNA in human heart disease has
been studied from patients with heart failure. Heart failure is due to the
pump failure of the heart, which can not provide sufficient blood
supply for the heart and usually can lead to pathological cardiac
hypertrophy and death.

Cardiac hypertrophy is an important manifestation of myocardial
cells in various aspects such as blood pressure overload, endocrine
disorder, myocardial injury, myocardial tissue and contractile protein
gene mutation. Heart failure and sudden cardiac death are related to
pathological myocardial hypertrophy (Kloner et al., 2020). Therefore,
it is very meaningful to explore its molecular mechanism and find new
targets. Cardiac hypertrophy is mainly due to the activation of signal
transduction and transcriptional regulation in cells, leading to the
enlargement of myocardial cells and the increase of interstitial
synthesis.

Figure 7 shows the changes of heart failure degree indicators in
each group before and after treatment. Among them, Figure 7A shows
the changes of LVEF indicators between groups before and after
treatment, and Figure 7B shows the changes of LVFS indicators

FIGURE 7
Comparison of differences between groups before and after treatment. (A) Changes of LVEF indicators in each group before and after treatment. (B)
Changes of LVFS indicators in each group before and after treatment. (C)Changes of cESS indicators in each group before and after treatment. (D)Changes of
MEE indicators in each group before and after treatment.
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between groups before and after treatment; Figure 7C shows the
changes of cESS indicators between groups before and after
treatment, and Figure 7D shows the changes of MEE indicators
between groups before and after treatment. As shown in Figure 7,
the indicators LVFS and cESS are significantly different between the
control group and the case group before and after treatment, which
can be used as indicators to measure myocardial infarction.

The relationship between the expression level of target genes and
the prognosis of patients with myocardial infarction.

In this paper, Kaplan-Meier method was used to compare the
expression level of target genes in 30 patients with myocardial
infarction. The results showed that the total survival period (OS) of
the group with high expression of target genes is lower, as shown in
Figure 8.

By analyzing the treatment response of patients with myocardial
infarction in the high expression group and the low expression group
of target gene, it can be found that the total survival period of patients
with myocardial infarction in the high expression group is shorter.
This shows that the role of high-level target genes in myocardial
infarction is an important factor to affect the prognosis of myocardial
infarction.

4 Conclusion

The human genome has more than 1,000 miRNAs, which
regulate 1/3 of the human genes. MiR-1 and miR-133 are less
expressed in genes, but MiR-126-3p, miR-125a, miR-125a, MiR-
143, miR-320 and miR-204 are mainly expressed in tissue cell
types. In other words, miRNA expression is different in different
diseases. Therefore, the differential expression of miRNAs can be

used to predict and diagnose diseases. In recent years, the abnormal
expression of gene mRNA is closely related to cardiovascular
diseases such as tumor, diabetes, heart failure, etc. In this paper,
experiments have proved that miR-320 and miR-204 have
differential expression in patients with myocardial infarction.
Compared with people with normal myocardial cells, the
expression levels of microRNA-320 and microRNA-204 in
patients with myocardial infarction are significantly down
regulated. The level of target gene expression corresponding to
miR-320 and miR-204 has an important impact on the prognosis of
myocardial infarction, and the expression of target gene transcripts
is a negative factor for the prognosis of myocardial infarction. In
this paper, there are still some deficiencies in the experiment, so in
the follow-up research, more about medical data, machine learning
and healthcare strategies supporting IoMT should be learned,
hoping to better understand the pathogenesis of myocardial
infarction.
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Biological gene extraction path
based on knowledge graph and
natural language processing
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The continuous progress of society and the vigorous development of science

and technology have brought people the dawn of maintaining health and

preventing and controlling diseases. At the same time, with the update and

iteration of bioinformatics technology, the current biological gene research has

also undergone revolutionary changes. However, a long-standing problem in

genetic research has always plagued researchers, that is, how to find the most

needed sample genes from a large number of sample genes, so as to reduce

unnecessary research and reduce research costs. By studying the extraction

path of biological genes, it can help researchers to extract the most valuable

research genes and avoid wasting time and energy. In order to solve the above

problems, this paper used the Bhattacharyya distance index and the Gini index

to screen the sample genes when extracting the characteristic genes of breast

cancer. In the selected 49 public genes, 6 principal components were extracted

by principal component analysis (PCA), and finally the experimental results were

tested. It was found that when the optimal number of characteristic genes was

selected as 5, the recognition rate of genes reached the highest 90.31%, which

met the experimental requirements. In addition, the experiment also proved

that the characteristic gene extraction method designed in this paper had a

removal rate of 99.75% of redundant genes, which can greatly reduce the time

and money cost of research.

KEYWORDS

biological gene extraction, knowledge graph, natural language processing, path
research, biological gene

1 Introduction

In a rapidly developing world, various diseases are increasingly threatening people’s

healthy life. Many of these diseases can be resisted through physical defense, but many

diseases come from human genes. How to study human-related diseases and find

solutions for corresponding diseases is a difficult problem that cannot be ignored in

current life sciences. Each genetic disease has its own characteristics, and the ever-

changing gene expression is the key to preventing medical staff from curing such diseases.

Coincidentally, how to extract the most needed genes when studying disease genes is also

the key for researchers to solve the problem of genetic diseases. From the above

description, the importance of biological gene extraction pathway research can be
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found. In order to solve this problem, this paper selects the

theory-assisted research of knowledge graph and natural

language processing.

This paper adopts the knowledge graph and natural language

processing theory for the research on the extraction path of

biological genes, the purpose of which is to apply the technology

of knowledge extraction of knowledge graph to the extraction of

biological genes. In this way, the extraction of genes in clinical

medicine and biological research can be better achieved, thereby

further promoting the development of life sciences. The

Bhattacharyya distance index and Gini index used in this

paper have a good screening effect on massive research

samples, and the PCA method can also further realize the

extraction of characteristic genes. The innovation of this paper

includes the following aspects: 1) It is not limited to the activity

research of specific genes, but seeks to reduce the research cost

and optimize the research process of similar research from the

methodological level. 2) The combination of knowledge graph

and gene extraction path is realized, which provides a more

mature theoretical basis for optimizing the gene extraction path.

2 Literature review

It is not a novel thing to study biological genes to help people

better understand and use biological genes. Xu L B discovered in

his research on biological genes that biological rhythms are an

important mechanism for organisms to receive external signals

and regulate their own behavior. To this end, he summarized

some core biological rhythms including biological clocks to assist

biological breeding and human disease prevention and control

(Xu et al., 2020). Ebigwai J K found that most of the existing

protein research tools are only useful for the study of protein

interaction PPI, so he proposed a new comprehensive PPI

information extraction tool for support vector machine

classifier, which is very important for protein gene research

(Ebigwai et al., 2020). In order to better identify and predict

the encoding of the genome, Abbas B proposed a new tool to

rank, compare and identify the recurring properties in the hidden

Markov model (HMM) (Abbas et al., 2019). Hasan M was

opposed to synthetic gene editing and transgenic technologies

that are widely used in food research and development. He hoped

that the relevant departments can formulate more perfect

biosafety regulations to reduce the risks related to food safety

(Hasan et al., 2017). Do H pointed out that the mining

technology of association rules can promote the study of

different gene expression. To this end, she designed CPMiner,

a data mining method for processing biological data, and

dedicated to a unified framework for extracting gene

expression using association rules (Do et al., 2020). Although

these studies have carried out research on biological genes to a

greater or lesser extent, they are all limited to a specific type or

FIGURE 1
Knowledge graph network.

Frontiers in Genetics frontiersin.org02

Zhang and Cao 10.3389/fgene.2022.1086379

39

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.1086379


even a specific gene. However, this paper takes a unique approach

to study the extraction path of biological genes, and provides a

new research direction for the current gene research.

In recent years, with the spread of the concept of knowledge

graph, more and more people have begun to conduct in-depth

research on knowledge graph. AmA pointed out that the types of

knowledge graphs are very broad, including public and private

types. Knowledge graphs can also be obtained through the

Internet, which requires statistical and linguistic methods

(AlMarshad et al., 2021). Cai J L pointed out that a new

multi-layer convolutional network model can be used in the

model construction and connection prediction of large-scale

knowledge graphs, which can build highly complex knowledge

graphs based on its high parameter efficiency (Cai et al., 2019).

Nuaima R H applied a new learning framework in the study of

reasoning large-scale knowledge graphs (KG), which can

construct knowledge graphs with continuous states in the KG

vector space more accurately, diversely and efficiently (Nuaima

et al., 2018). Shi J found that existing self-symptom detectors are

far from meeting the needs of clinical decision support systems.

Therefore, she studied an automated knowledge graph that can

automatically learn diseases and conditions in electronic medical

records to identify patients’ diseases (Shi et al., 2017). Lin Y Z

found that the time limit is an invisible challenge to the mining

and exploration of large-scale knowledge graphs. To this end, she

proposed an online mining algorithm, which can greatly improve

the speed and accuracy of mining knowledge graphs within a

certain period of time (Lin et al., 2017a). Such a comprehensive

FIGURE 2
Construction process of the knowledge graph.

FIGURE 3
Natural language processing theory.
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knowledge map research provides a pioneering idea for the

combination of knowledge map and biological gene extraction

path in this paper. This paper looks forward to solving the

problem of biological gene extraction path that has puzzled

researchers for a long time by using the related theory of

exponential graph and natural language processing.

3 Methods of biological gene
extraction research based on
knowledge graph and natural
language processing

3.1 Knowledge graph and natural language
processing

3.1.1 Knowledge graph
Knowledge graph is a semantic network proposed by

Google in 2012 to describe the relationship between

concepts in the real world in order to improve the search

ability of its own engine (Paulheim and Cimiano, 2017). In

fact, the essence of the knowledge graph is a conceptual

network woven by related relationships between physical

machines in the real world. As shown in Figure 1, on this

network, nodes represent real objects or concepts, and the

lines connecting each node are network edges and represent

the correlation between them.

By combining the knowledge network with the Internet, it is

possible to establish the relationship between things on the

Internet with the help of the knowledge graph, and on this

basis, to combine the all-encompassing information on the

Internet to create new knowledge, which is a major

breakthrough in artificial intelligence. The knowledge graph

has been inseparable from artificial intelligence since it was

proposed, and is widely used in search engines, intelligent

question answering, and personalized recommendation (Lin

et al., 2017b). The combination of the two can reduce the

tediousness of manual search, and use Internet tools to

visualize the searched knowledge.

The construction process of the knowledge graph is based on

the original data and use technical means to extract objective

knowledge facts from the original data, then extracting

knowledge elements from the knowledge facts and storing

knowledge elements in a database. The construction of the

knowledge graph hides the update of the knowledge graph

(Zhang et al., 2017). Because the real world is constantly

moving and changing, and new concepts are produced every

moment, along with the demise of concepts, the construction of

knowledge on this basis also means the renewal of knowledge. As

shown in Figure 2, the construction of knowledge graph includes

three stages, namely knowledge extraction, knowledge fusion and

knowledge processing. Each knowledge construction is an

iterative process of updating.

Among them, information extraction is the starting link of

knowledge graph construction (Natthawut and Ryutaro, 2018).

This link is mainly the process of extracting entities and the

interrelationships of entity attributes from real entities. Through

this link, a large number of discrete entities and their

interrelationships can be achieved. Then, through the

knowledge fusion link, the data obtained in the information

extraction link is cleaned and classified. The redundant and

repeated data are eliminated, and errors are eliminated to

improve the hierarchy and logic of knowledge. Actually this

coincides with the research on the biological gene extraction

pathway studied in this paper. The research topic of this paper is

to extract the core genes from the complex genome. The third

link is the knowledge processing link. In this link, knowledge

needs to be processed to obtain systematic and structured

knowledge. In addition, a dynamic knowledge network needs

to be finally obtained by constructing ontology, inferring

knowledge and evaluating quality.

3.1.2 Natural language processing
Natural language processing (NLP) is an important research

tool for computers, especially in artificial intelligence. It mainly

studies the means of communication between humans and

computers, that is, natural language (Jia et al., 2017). In the

information age, people can access information on the Internet

more quickly because of natural language processing, and can

also respond more quickly to changes in online life. The most

typical example is the interception of e-mail spam. With the help

of natural language processing, people can easily set up blocking

words, so that the mailbox can block spam by locking key words

to avoid harassment. The processing of natural language is

inseparable from the natural language corpus. Natural

language corpus is an indispensable foundation for processing

natural language. Meanwhile, with the increasing development of

natural language processing related work, the theory of natural

language processing has gradually matured. As shown in

Figure 3, the processing theory of natural language includes

three parts: natural language corpus, dependency syntax

analysis and part-of-speech co-occurrence (Zhu et al., 2017).

FIGURE 4
Process of dependency parsing.
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The study of natural language corpus comes from the

interdisciplinary subject of corpus linguistics. Corpus

linguistics is a hybrid science that combines linguistics,

computer science and applied linguistics (Wang et al., 2018).

Through the study of a large number of real language materials,

this discipline summarizes some abstract language laws that are

detached from specific languages and words, and applies these

language laws to natural language processing, which plays an

important role in improving the language learning ability of the

machine. Corpus linguistics has been around for a hundred years

since its inception, and so far corpora are still an integral part of

natural language processing.

Dependency parsing is an important part of natural language

processing. Its working principle is mainly to reveal its intrinsic

syntactic structure by analyzing the dependencies between

various language components, and to assist the research by

constructing a corresponding dependency tree. The workflow

of dependency parsing is based on the existence of dependencies

TABLE 1 Sample gene datasets.

Datasets Category Sample amount Gene amount

Leukemia data set ALLI.ALLB.AWL 46 6844

Polio data set 4 22 3629

Breast cancer data set 3 50 2000

Colon cancer data set ALL.AML 82 96548

TABLE 2 Basic description of sample data.

Breast cancer sample data division Lesion sample Normal sample

Sample size 28 22

Training set 20 10

Test set 8 12

FIGURE 5
Bhattacharyya distance distribution curve of breast cancer genes.
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between different natural language units. Generally speaking, a

dependency relationship consists of two parts, the core word and

the modifier. Researchers can analyze the structure of sentences

through dependency syntax analysis technology to determine the

main components of sentences, so as to help machines better

understand natural language and achieve more efficient human-

computer interaction. As shown in Figure 4, the analysis process

of dependency parsing is as follows:

Co-occurrence theory, literally, is a theory that studies the

relationship of things that occur together (Tom et al., 2018).

FIGURE 6
Scatter plot of the distribution of Bhattacharyya distance for breast cancer genes.

FIGURE 7
Gini index distribution curve of breast cancer genes.
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Generally speaking, the co-occurrence relationship is the most

basic relationship in the entity relationship. In fact, the co-

occurrence relationship refers to inferring the affinity between

different entities by counting the number of co-occurrences

between them in the same text, and this relationship is also

called co-occurrence relationship in the field of natural language.

Co-occurrence relationship can be divided into broad and

narrow sense. Different from the limited scope of the co-

occurrence relationship in the narrow sense, the generalized

contribution relationship expands the scope of this

relationship to time and space, and when analyzing this

generalized co-occurrence relationship, it can further increase

the prediction of the real world. For example, Walmart found

that sales of egg tarts and flashlights can increase during the

hurricane season, and the increase in sales and the arrival of a

hurricane are co-occurrences in a broad sense. Based on this

broad co-occurrence, Walmart would put together egg tarts and

anti-hurricane supplies before the hurricane to increase sales.

3.2 Feature gene extraction based on
knowledge graph and natural language
processing

3.2 1 Feature gene extraction
Feature gene extraction refers to finding out the genes that

are not relevant for classification, extracting those representative

genes. Then these genes are grouped into a subset for

classification (Wong et al., 2018). There are two feature

selection methods, namely feature selection and feature

extraction. In a broad sense, feature extraction refers to a kind

of mapping. The main methods are principal component method

and partial least squares method. Feature selection only removes

redundant genes and noise genes. Feature selection is difficult to

achieve the optimal classification effect because the

misclassification rate is too large, which is not considered in

this paper.

3.2 2 Scoring guidelines for gene expression data
In view of the high-dimensional and high-noise

characteristics of gene expression, this paper believes that

dimensionality reduction and denoising of gene expression are

very necessary. Scoring guidelines are integral to this process.

This paper mainly uses feature score criterion (FSC) and Fisher

discriminant method. The scoring formulas are shown in

Formulas 1, 2:

FSC gi( ) � η+i − η−i
ω+
i − ω−

i

∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣ (1)

FDR gi( ) � η+i − η−i( )2
ω+
i( )2 − ω−

i( )2 (2)

In Formula 1 and Formula 2, η+i and η−i represent the mean,

while ω+
i and ω−

i represent the standard deviation.

FIGURE 8
Scatter plot of the distribution of Gini index distribution of breast cancer genes.
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3.2.3 Feature gene extraction method
The purpose of eigengene extraction is to extract the most

eigengenes from a group of genes, and the number of a group of

eigengenes is extremely large in the experiment. Therefore, the

selection of the extraction method of eigengenes is very

important. The commonly used eigengene selection methods

are as follows:

Filtering method: The filtering method refers to the

selection according to the data of the information itself.

This paper mainly uses the following two filtering methods,

namely the signal-to-noise ratio and the t-statistic method.

The signal-to-noise ratio is the simplest filtering method. The

criterion for selecting feature vectors by using the signal-to-

noise ratio method is the degree of difference in the vector

attribute space in different categories of samples. Assuming

that there is a gene g), the calculation formula of its signal-to-

noise ratio d(g) is as Formula 3:

d g( ) � η+g − η−g
ω+
g − ω−

g

∣∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣∣ (3)

In Formula 3, η+g and η−g represent the mean, while ω+
g and ω

−
g

represent the standard deviation.

The t-statistic method refers to the use of the t-part theory to

infer the probability of the occurrence of differences, and its

calculation formula is shown in Formula 4:

ti � �xi − yi�����
s21i
n1
+ s22i

n2

√ (4)

In Formula 4, �xi and yi represent the mean, and s21i and s22i
represent the variance. It can be seen that the larger the calculated

t value, the greater the difference, that is, the greater the influence

of gene i on the sample classification.

3.3 Path of feature gene extraction based
on PCA

Gene expression data are characterized by small samples,

high dimensionality, and high noise, and there are very few genes

associated with diseases. The presence of a large number of

redundant genes makes the expression difference between the

diseased and normal samples small, and the contribution to the

classification is also small. Therefore, it is necessary to use a

certain gene microarray technology to propose genes from a large

number of genes, and extract biological genes that truly meet the

characteristics (Balsmeieri et al., 2018).

3.3.1 Construction of gene expression data
Gene data covers the basic characteristics of genes and is a

display of the physiological state of biological cells. The gene

expression profile can be obtained by using gene chip technology.

The expression profile data can be expressed as Formula 5:

X � xij( ) �
x11 x12 ... x1j

x21 x22 ... x2j

..

. ..
.

... ..
.

xi1 xi2 ... xij

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (5)

In Formula 5, xij represents the j-th sample for the i-th gene.

3.3.2 Elimination of irrelevant genes
There are tens of thousands of genes in a biological sample,

and at least a few are needed for the experiment. Other unrelated

genes can cause gene redundancy and interfere with the

experiment. Therefore, this paper chooses a hybrid gene

extraction method that combines the Bhattacharyya distance

and the Gini index. The formula for calculating the

Bhattacharyya distance of a gene is shown in Formula 6:

TABLE 3 List of principal component characteristic data of public genes.

Main ingredient Eigenvalues Contribution rate (%) Feature contribution rate (%)

A 28.174 39.658 39.658

B 10.742 18.649 49.165

C 9.645 12.359 57.761

D 8.742 8.542 61.952

E 4.568 3.406 71.962

F 2.691 2.864 77.294

G 1.669 2.173 79.429

H 1.485 1.749 81.263

I 1.293 1.599 83.648
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Bd � 1
8

η1 − η2( )2
ω2
1 + ω2

2( ) + 1
2
ln

ω2
1 + ω2

2

2ω1ω2
( ) (6)

Among them, η1 and η2 represent the mean of genes in the first

and second samples respectively, while ω1 and ω2 represent the

sample variance.

Gini index is an index commonly used in data mining to

evaluate the goodness of classification nodes (Wi et al.,

2017). Before calculating the Gini index, the original data

should be discretized. The discrete formula is shown in

Formula 7:

Sij � Int 20 ×
nij −min i( )

max i( ) −min i( ) + 0.5[ ] (7)

Among them, Int[] represents rounding, and max(i) and min(i)
represent the maximum and minimum values of gene gi.

The discretized data is substituted into Formula 8:

Gini k( ) � 1 −∑20
j�0

pij[ ]2 (8)

In Formula 8,Gini(k) refers to the Gini index of k-type genes,
and pij refers to the relative rate of level j in category k.

The formula for calculating the Gini index of gene gi is as

Formula 9:

Gini gi( ) � ∑2
k�1

nk
n
Gini k( ), i ∈ 1, 2000[ ] (9)

In Formula 9, n is the total number of samples and nk is the

number of samples in the k-th class. Therefore, the smaller the

Gini value of gene gi, the more taxonomic information this gene

contains, and vice versa.

The Bhattacharyya distance and the Gini index are combined

together, and these two indicators are integrated as a standard to

measure the gene classification information, which avoids the

defect of “signal-to-noise ratio” and other methods that do not

generate variance in the differential expression of genes

(Diamantopoulos et al., 2017).

3.3.3 Selection of principal component feature
PCA refers to using the idea of dimensionality reduction to

replace many original variables with new variables on the basis of

keeping the principal components unchanged. These new

variables can reflect most of the information of the original

variables (Johnny et al., 2017; UzmaAl-Obeidat et al., 2022). The

purpose of principal component analysis is to extract as few

comprehensive variables with strong classification ability as

possible as the representative of all variables, so as to retain

the original variable information and reduce the number of

FIGURE 9
Graph of the contribution rate of each principal component.
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variables. Assuming that there are n samples, and each sample

contains m variables, then there is Formula 10:

Xm×n �
x11 x12 / x1m

x21 x22 . . . x2m

..

. ..
. ..

. ..
.

xn1 xn2 . . . xnm

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (10)

On this basis, the data is standardized to obtain Formula 11,

Formula 12, Formula 13:

xij � xij − xj

hj
(11)

xj � 1
n
∑1
n�1

xij (12)

hj �
�����
1

n − 1

√ ∑n
i�1

xij − xj( )2 (13)

xj means the mean of the j-th attribute, and hj means that the

variance is normalized to have a mean of 0 and a standard

deviation of 1 for each data.

Then the correlation coefficient matrix is obtained as

Formula 14:

P �
P11 P12 / P1t

P21 P22 . . . P2t

..

. ..
. ..

. ..
.

Pm1 Pm2 . . . Pmt

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ (14)

The correlation coefficient pij represents the correlation

between xi and xj, and the calculation formula is as Formula 15:

pij

∑n
k�1

xki − xi( ) xkj − xj( )����������������������
∑n
k�1

xki − xi( )2∑n
k�1

xkj − xj( )2
√ , i, j � 1, 2, ..., m (15)

Solving the characteristic formula according to the

correlation coefficient matrix P, there is Formula 16:

γI − P
∣∣∣∣ ∣∣∣∣ � 0 (16)

The characteristic formula is solved to get different

eigenvalues. Sorting these eigenvalues yields Formula 17:

γ1 ≥ γ2 ≥/≥ γm ≥ 0 (17)

Then the standard orthonormal vector is calculated by the

existing eigenvalues to obtain Formula 18:

ei � e1i, e2i, .., emi( )T (18)

On this basis, the analysis of different principal component

contribution rates obtains Formula 19:

λi � γi

∑m
k�1

γk

, i (19)

After calculating the contribution rate of each principal

component, the cumulative sum is obtained to obtain the

cumulative contribution rate as shown in Formula 20:

λ i( ) �
∑i
k�1

γk

∑m
k�1

γk

, i � 1, 2, ..., m (20)

Finally, the gene contribution rate Formula 21 can be found:

gj �
∑t
i�1

dij

∣∣∣∣ ∣∣∣∣
∑t
i�1
∑m
k�1

dik| |
, j � 1, 2, .., m (21)

4 Experiment and results of feature
gene extraction based on PCA

4.1 Experimental data acquisition and
processing

With the fast-paced work and life, the living pressure of

modern women has greatly increased. Staying up late and

insomnia are quite common. In such a stressful life rhythm,

breast cancer, the killer disease of women’s health, has quietly

appeared in more and more women. In order to alleviate this

situation, this paper took breast cancer as the research object, and

analyzed the characteristic gene extraction pathway of breast

TABLE 4 Detection results of signature genes.

Number of genes Classification accuracy (%) Number of misjudgments

6 78.82 7

10 84.62 5

5 90.31 4

16 67.74 5

20 88.52 4
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cancer, hoping to enrich the breast cancer gene extraction

pathway and contribute to the control and prevention of

breast cancer.

In order to verify the feature gene extraction path proposed

in this paper, several common disease gene datasets were

collected in this paper, as shown in Table 1:

As shown in Table 1, the total number of samples in the

selected four diseases was 200 cases. It can be seen that the

number of samples of breast cancer genes was large, but the total

number of genes was relatively small. The former satisfied the

quantitative requirements of the experiment, and the latter

represented the less complex number of genes, which was

convenient for screening. Even though all four of these

diseases were common, the choice of breast cancer genes was

more beneficial than other options.

Through the investigation, it can be seen that among the

50 samples in this breast cancer data set, 28 were diseased genes,

and the remaining 22 were normal samples. In this regard,

30 samples were used as the training set, and the remaining

20 samples were used as the test set. The description of the

samples is shown in Table 2:

4.2 Experimental process and results

4.2.1 Elimination of irrelevant genes
Based on the characteristics of sample genes with small

number of samples and many redundant genes, although

there were 2000 genes in 20 samples, there were still a large

number of genes that were not related to the content of the

experiment. Therefore, this paper combined the two methods of

Bhattacharyya distance and Gini index to measure to promote

the standardization of gene classification. This method avoided

the defect that methods such as “signal-to-noise ratio” did not

express differential gene expression due to variance. On this

basis, this paper focused on the former and the latter as a

supplement, so that the priority and secondary could better

extract public genes.

First, according to the distance calculation formulas

mentioned above, the Bhattacharyya distance value of these

2000 sample genes was calculated to obtain the distribution

curve diagram of the Bhattacharyya distance of these genes in

Figure 5 and the distribution scatter diagram in Figure 6.

First, it can be seen from Figures 5, 6 that in general, only a

small number of genes have high information content, while

most of the genes have a Bhattacharyya distance index between

0 and 0.05. This indicated that the genes within this range had no

significant difference in mean and variance between normal

samples and cancer samples, so it can be easily deleted as an

irrelevant gene. Considering the validity and accuracy of the

experiment, in this experiment, the Bhattacharyya distance index

of these 2000 genes was sorted from small to large, and the

corresponding genes ranked in the bottom 200 were selected as

further experimental objects, eliminating the other

1800 irrelevant genes.

Similarly, according to the calculation formula of the Gini

index mentioned above, the Gini index values of these 2000 genes

were calculated, and the Gini index distribution curve diagram of

the sample genes can be obtained in Figure 7 and the distribution

scatter diagram in Figure 8.

It can be seen from Figures 7, 8 that the Gini index values of

these 2000 sample genes were mostly between 0.88 and 0.92. In

fact, the smaller the Gini index of a gene, the more equal the data

expression, and the greater the amount of classification

information of the gene. Since the experimental design of this

paper was mainly based on the Bhattacharyya distance ranking,

supplemented by the Gini index ranking, the same sorting

method was used to eliminate irrelevant genes, and 200 spare

genes were extracted.

After selecting 200 genes for each of the Bhattacharyya

distance index and the Gini index as experimental subjects,

among these 400 genes, the common genes were found whose

duplicates were regarded as both. It could be determined that the

amount of taxonomic information in these public genes far

exceeded that of the excluded irrelevant genes. In the end,

49 common genes were obtained.

4.2.2 Extraction of characteristic genes
The dimensionality reduction idea of PCA was used to select

the features of the 49 common genes finally selected, and the

feature genes could be selected by the contribution rate of each

gene in the finally selected principal components.

The eigenvalue, contribution rate and feature contribution

rate of each principal component obtained by PCA of the

49 public genes are shown in Table 3:

It can be seen from Table 3 that the eigenvalues of the first

six principal components were all greater than 2, and the

eigenvalues corresponding to the seventh principal

component were all less than 2. The cumulative

contribution rate of the first six principal components has

reached 85.478%. Therefore, only the first six principal

components could be further analyzed.

When further analyzing the first six principal components,

the contribution rate of each principal component has been

calculated, and Figure 9 was obtained by arranging the

contribution rate of each principal component in ascending

order:

It can be seen from Figure 9 that the contribution rate of

these 49 genes varied greatly, and the gene contribution rate

varied greatly between 0.010 and 0.018. That is to say, those

genes with a large gene contribution rate contain more

classification information of the sample and contribute

more to the classification. It can be seen that these genes

contain a great amount of information, and the

corresponding sample genes can be extracted as

characteristic genes.
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4.2.3 Classification inspection
On the basis of extracting the eigengenes above, this paper

used the support vector machine (SVM) radial basis kernel

function to detect the extracted eigengenes. The results are

shown in Table 4:

It can be seen from Table 4 that when the number of selected

eigengenes was 5, the recognition rate of genes reached a

maximum of 90.31%. Therefore, it can be determined that

only 5 genes in the 2000 sample genes finally contained rich

information and meet the experimental requirements. The

5 most useful genes were extracted from 2000 genes, and the

rate of removing redundant genes reached 99.75%, which just

proved that the characteristic gene extraction path designed in

this paper has a good classification effect on breast cancer genes.

5 Conclusion

This paper studied the extraction path of biological genes

related to knowledge graph and natural language processing. The

main significance of this research was to provide more abundant

channels for gene extraction in modern medicine. In the past

biological gene extraction research, most people were limited to

the activity of the extracted genes, but ignored how to accurately

extract the characteristic genes from the source to better meet the

experimental needs, which is also the starting point of this study.

In this regard, the sample genes of the research object were

standardized by two screening criteria, the Bhattacharyya

distance index and the Gini index. Then the PCA method was

used to further extract the eigengenes, and finally the eigengenes

were verified. It was proved that the redundant gene removal rate

of the characteristic gene extractionmethod in this paper reached

99.75%, which provides a certain reference value for modern

biological research.
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Preliminary investigation of the
diagnosis and gene function of
deep learning PTPN11 gene
mutation syndrome deafness
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1Department of Otorhinolaryngology Head and Neck Surgery, Hunan Children’s Hospital, Changsha, Hunan,
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Syndromic deafness caused by PTPN11 gene mutation has gradually come into the
public’s view. In the past, many people did not understand its application mechanism
and role and only focused on non-syndromic deafness, so the research on
syndromic deafness is not in-depth and there is a large degree of lack of
research in this area. In order to let the public know more about the diagnosis
and gene function of deafness caused by PTPN11 gene mutation syndrome, this
paper used deep learning technology to study the diagnosis and gene function of
deafness caused by syndromewith the concept of intelligent medical treatment, and
finally drew a feasible conclusion. This paper provided a theoretical and practical
basis for the diagnosis of deafness caused by PTPN11 gene mutation syndrome and
the study of gene function. This paper made a retrospective analysis of the clinical
data of 85 deaf children who visited Hunan Children’s Hospital,P.R. China from
January 2020 to December 2021. The conclusion were as follows: Children aged
1–6 years old had multiple syndrome deafness, while children under 1 year old and
children aged 6–12 years old had relatively low probability of complex deafness; girls
were not easy to have comprehensive deafness, but there was no specific basis to
prove that the occurrence of comprehensive deafness was necessarily related to
gender; the hearing loss of patients with Noonan Syndrome was mainly
characterized by moderate and severe damage and abnormal inner ear and
auditory nerve; most of the mutation genes in children were located in
Exon1 and Exon3, with a total probability of 57.65%. In the course of the
experiment, it was found that deep learning was effective in the diagnosis of
deafness with PTPN11 gene mutation syndrome. This technology could be
applied to medical diagnosis to facilitate the diagnosis and treatment of more
patients with deafness with syndrome. Intelligent medical treatment was also
becoming a hot topic nowadays. By using this concept to analyze and study the
pathological characteristics of deafness caused by PTPN11 genemutation syndrome,
it not only promoted patients to find diseases in time, but also helped doctors to
diagnose and treat such diseases, which was of great significance to patients and
doctors. The study of PTPN11 gene mutation syndrome deafness was also of great
significance in genetics. The analysis of its genes not only enriched the gene pool, but
also provided reference for future research.

KEYWORDS

syndrome deafness, deep learning, intelligent medicine, PTPN11 gene mutation, diagnosis
and gene function
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1 Introduction

The diagnosis of deafness in PTPN11 gene mutation syndrome
has not been studied too deeply at present. Some scholars only
analyzed non-comprehensive deafness, but they did not analyze the
situation of comprehensive deafness, which also led to that people
were not familiar with syndrome deafness and did not often pay
attention to it. In order to remedy this defect, it is of practical
significance to study the diagnosis and gene function of deafness
caused by PTPN11 gene mutation syndrome.

Deafness is a multiple disease, which has been studied by some
scholars. Xu H Y analyzed the relationship between PTPN11 gene and
deafness (Xu et al., 2019). Gao Y analyzed the clinical phenotype and gene
of syndromic deafness with PTPN11 gene mutation (Gao et al., 2022).
GaoXue believed that congenital sensorineural hearing loss was the initial
manifestation of PTPN11 relatedNS, whichwas accompanied bymultiple
spots or NS (Gao et al., 2021). Huang S S analyzed the case report and
diagnosis of multi spot NS with deafness as the main clinical feature
(Huang et al., 2019). Wu Jie used targeted genome sequencing to make
molecular diagnosis for a large number of hearing loss people (Wu et al.,
2022). Mutai Hideki analyzed the whole exome analysis of Japanese
hearing loss patients, which showed a high degree of heterogeneity
between responsible and new candidate genes (Mutai et al., 2022).
Cesca Federica analysised of the frequency of Usher gene mutations in
non-syndromic hearing loss (Cesca et al., 2020). These studies on deafness
have not yet involved PTPN11 gene mutation syndrome.

There are also many researches on deep learning in the field of
deafness. Bing D adopted the prognosis classification of sudden
deafness based on deep learning method (Bing et al., 2018). Huang
Xin used machine learning and deep learning methods to predict the
ototoxicity caused by drugs in silicon (Huang et al., 2021). Waldo

Nogueira remixed the cochlear implant users with the deep learning
model (Gajęcki and Nogueira, 2018). However, there are few
researches on the diagnosis and gene function of PTPN11 gene
mutation syndrome deafness in the field of deep learning in
deafness disease.

In order to enhance the public’s understanding of comprehensive
deafness, this paper analyzed the data of 85 deaf children who visited
Hunan Children’s Hospital, P.R. China from January 2020 to
December 2021, and analyzed the patient’s age, gender, hearing
loss, imaging examination, deafness gene and number of NS
patients. Finally, the feasibility conclusion was drawn.

2 Investigation of comprehensive
deafness

Deafness is a common disease that affects health and human
normal life (KimOh et al., 2020), which affects 1%–3% of newborns.
Deafness can be divided into two categories: syndromic deafness and
non-syndromic deafness. Non-syndromic deafness is mainly caused
by genetic deafness caused by deafness gene mutation. About 70% are
non-syndromic deafness, and the remaining 30% are syndromic
deafness. Syndromic deafness refers to the problem of other organs
of the body besides hearing loss. Common comprehensive deafness
includes the following types, as shown in Figure 1:

2.1 Bird face syndrome

Bird face syndrome is a syndrome of mandibular dysplasia and
deafness caused by embryonic agenesis of the first and second

FIGURE 1
Common comprehensive deafness.
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branchial arches (Barsottini et al., 2019). The syndrome is
characterized by drooping eyelids, hypoplasia of facial bones
(especially mandible and zygoma), malformations of the outer and
middle ears, and conductive deafness. The vast majority of cases are
autosomal dominant inheritance, and up to 70% of cases are sporadic
cases. There is no clear family history, but married patients with
children have a 53% chance of their children suffering from this
disease.

2.2 Hereditary deafness-retinitis pigmentosa
syndrome

Hereditary deafness-retinitis pigmentosa syndrome is a hereditary
disease characterized by congenital sensorineural hearing loss and
progressive retinitis pigmentosa (usually from late childhood to
adolescence), resulting in visual loss (Deep et al., 2021). The typical
clinical symptoms of hereditary deafness and retinitis syndrome are
hearing loss and retinitis pigmentosa. Hereditary deafness and retinitis
syndrome can be divided into three types according to the degree of
hearing loss and the incidence and degree of vision loss. Among them,
type I and type II are the most common (about 34%–44%
respectively), while type III is relatively rare (12%–32%). The
clinical features of hereditary deafness-retinitis pigmentosa
syndrome type I include severe congenital deafness, language
disorder, vestibular loss or abnormality. The onset age is less than
10 years old, and sometimes there are ataxia, intellectual disability and
pseudopsychosis. Hereditary deafness retinitis pigmentosa syndrome
type II is characterized by moderate congenital hearing loss and
normal vestibular function. This often occurs between the ages of
20 and 30, without language disorders, ataxia, mental retardation or
psychosis.

2.3 Hearing-pigment syndrome

Hearing-pigment syndrome is characterized by sensorineural
hearing loss and abnormal pigmentation (abnormal pigmentation
of eyes, skin and hair) (Taneja, 2020). The syndrome is also
characterized by abnormal development of the middle nose and
forehead, including ectopia of the inner canthus (wide eye
distance), eyebrows, broad bridge of the nose and other
abnormalities of the middle nose and forehead, as well as skeletal
muscle defects in the limbs and congenital megacolon.

Clinical manifestations include inner ear, iris, skin pigment, hair
pigment, epicanthus, limb skeletal muscle dysplasia and megacolon.
Among them, the inner ear is deformed, and vestibular cistern and
semicircular canal are the most common malformations. Some
patients may also have cochlear malformations, which are
characterized by flattening and slight bending of the cochlea. Skin
pigmentation is defined as a large number of brown freckles on the
face, neck and/or trunk and limbs. In some cases, there are local white
patches on the skin. Hair pigment disorder is manifested as white hair
on the forehead or less white hair, which is also manifested as
premature lightening of eyebrows and body hair. Ectopia of inner
canthus is characterized by wide eye distance, which may be
accompanied by abnormalities in the middle of nose and forehead,
such as eyebrow linking, broad bridge of nose, etc. Abnormalities of
skeletal muscles of the extremities are manifested in muscular

dysplasia of the extremities and contracture of the elbow joint
(finger joint). Hirschsprung’s disease is congenital Hirschsprung’s
disease or gastrointestinal atresia.

2.4 Deafness goiter syndrome

Most patients with deafness and thigh syndrome have severe to
extreme hearing loss at birth (Kral and Sato., 2020). In a few cases,
hearing loss occurs in the first few years after birth. After a cold or
serious physical shock, hearing loss develops from serious to
deep. Goiter is an important feature of deaf goiter. About 80% of
patients with deaf goiter syndrome have goiter. It usually occurs in
adolescence and is most severe between the ages of 21 and 31. The size
of the goiter is not related to the degree of hearing loss.

2.5 Gill-ear-kidney syndrome

Gill-ear-kidneysyndrome, also known as hereditary progressive
nephritis, is characterized by hematuria, proteinuria and progressive
hypoalgesia. Some patients may have extrarenal manifestations, such
as hearing loss, eye abnormalities, and tumors of esophageal smooth
muscle.

3 PTPN11 gene and Noonan Syndrome

PTPN11 gene encodes Src homology two domain-containing
protein tyrosine phosphatase (SHP2), which is located on
chromosome 12 (12q24). It is expressed in most fetal and adult
tissues and plays a key role in cell proliferation, differentiation,
survival and death. Diseases associated with mutations in
PTPN11 include NS and Noonan syndrome with multiple lenses
(NS-ML). NS is a disease with autosomal dominant inheritance.
Typical cases are between 1/2,500 and 1/1,000. Both men and
women can occur, which often has a family history. In the
neonatal period, the main manifestation is the appearance
abnormality: The head circumference is large, and the face is small.
The forehead is high, and the hair is sparse; the distance between the
eyes is large, and the eyeballs are prominent. The inner eye is ridge,
and the upper eyelid is drooping. The cleft palate is horizontal or
downward inclined; the nose is short, and the bridge of the nose is low.
The tip of the nose is full; the ear is low and the earlobe is oval; the
midline is deep, and the upper lip is full. The upper jaw is high, and the
lower jaw is small; the neck is short, and the neck is arched. The skin is
loose, and the hair line on the back is low.

PTPN11 is the first known pathogenic gene and the most common
NS gene, accounting for about 50% of all cases. SHP2 is a protein
product of PTPN11 and a non-receptor protein tyrosine phosphatase,
which is composed of the N and C terminal domains of SH2 and the
catalytic domain of protein tyrosine phosphatase. Most mutations of
PTPN11 leading to NS are located in residues related to the interaction
between the N-terminal SH2 domain of SHP-2 and the domain of
protein tyrosine phosphatase. Mutations in this region destroy the
stability of the catalytic inactive form of SHP2 and the ability of the
protein to switch from the active conformation to the inactive
conformation, which leads to increased signal transmission through
the RAS-MAPK pathway.
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SHP2 is involved in the regulation of RAS-MAPK signal pathway
and the expression of various biological factors and cytokines, such as
growth hormone, insulin-like growth factor and fibroblast growth
factor. These factors cause various clinical symptoms in children with
CF, including growth retardation and bone deformity. Patients with
PTPN11 mutation are more likely to have short stature, thoracic
malformation, cryptorchidism and mild bruising than those without
PTPN11 mutation. N-methyl-D-aspartate receptors are critical for
synaptic plasticity, learning, and memory. Tyrosine
phosphorylation of N-methyl-D-aspartate receptor subunit regulates
the function of N-methyl-D-aspartate receptor.
SHP2 dephosphorylates SN related glutamate receptors, thereby
regulating the function of N-methyl-D-aspartate receptors and
leading to cognitive impairment of SN. Imaging showed that the
volume of gray matter on both sides of the striatum decreased, and the
area of the temporal region decreased. The thickness of the frontal
cortex increased, while the thickness of the marginal cortex decreased,
including the marginal structures that are important to the
hippocampus. Hippocampus affects the attention and memory
during the development of human brain, which is the expression of
severe attention deficit, hyperactivity and memory disorder. The
existence of PTPN11 mutation in NS patients is closely related to
their hematoma susceptibility. The disorder of SHP2 peroxidase
would increase the adverse reaction of platelets and the phenotypic
coagulation dysfunction. The activated PTPN11 mutation plays a
leukemic role in the stem cell microenvironment. Therefore, the
over activation of interleukin 1β and other proinflammatory
cytokines that can be produced by hematopoietic stem cell
monocytes leads to the deterioration of myeloproliferative tumors
and donor cell mediated myeloproliferative tumors in children after
stem cell transplantation.

4 Common molecular diagnostic
techniques for deafness

Common molecular diagnosis technologies for deafness include
linkage analysis, gene chip technology, Sanger sequencing and high-
throughput sequencing technology, as shown in Figure 2.

4.1 Linkage analysis

Linkage analysis is a classical method to study single gene disease.
Genes are arranged linearly on chromosomes, while linkage analysis is
based on the principle that different genes are linked in linkage groups.
That is to say, the gene of interest is linked with another gene or
genetic marker on the same chromosome, so as to find the disease
causing gene. However, linkage analysis has some limitations. One is
that it is not suitable for finding mutations in small families, because
mutations in small families are difficult to separate. The other is that
linkage analysis usually involves millions of chromosomes containing
hundreds of genes and base pairs, which cannot be used to detect
diseases. In order to remedy the defects of linkage analysis, gene chip
technology is developed.

4.2 Gene chip technology

In recent years, gene chip technology has developed rapidly, which
is not only limited to DNA detection, but also widely used in non-
coding RNA, expression profiling, methylation and other fields. In the
field of hereditary hearing loss, the chip hybridization of
oligoribonucleic acid is usually used to detect hearing loss genes in
the population in clinical practice, and the three-step method of
multiple PCR amplification, chip hybridization and result
digitization is used. Due to the high throughput, accuracy and low
cost, gene chip technology for deafness is widely used in clinical
practice.

4.3 Sanger sequencing

Sanger sequencing is also known as “first generation sequencing”.
It uses DNA polymerase to lengthen the primers attached to the
template sequence until the fluorescent labeled dideoxynucleotides
enter the polymerization reaction, so as to stop the polymerization
reaction and produce DNA fragments of different lengths. Sanger
sequencing has the advantage of high precision, but it is gradually
being replaced by high-throughput sequencing due to its short reading
time, high cost and low throughput.

4.4 High throughput sequencing technology

High throughput sequencing technology is also known as “next-
generation”sequencing technology. This is an important milestone of
human genomics, which has reduced the cost and time of human
genome design and is now widely used in clinical and scientific
research.

5 Application of deep learning and
intelligent medicine in medicine

5.1 Deep learning

At present, deep learning technology has been applied in many
fields, and gradually developed from the initial simple applications
such as processing still images and filling in text information to large-

FIGURE 2
Common molecular diagnostic techniques for deafness.
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scale applications such as processing video and audio data and from
incomplete information to creative work. Based on big data, artificial
intelligence can quickly deduce the general laws of underlying data
processing and preprocessing methods by analyzing previous data and
preprocessing methods, and can process and integrate these laws. It
can also learn the processing principles, and create new work on this
basis. The surface creative activities include painting, writing, language
production, music creation, etc. High level activities may include
intelligent management, situation assessment, strategic
development, etc.

Deep learning is used to solve many problems with big data, such
as computer vision, pattern recognition and natural language
processing. Artificial intelligence technology based on deep learning
is being integrated into clinical practice andmedical care. At present, it
is widely used in automatic medical image analysis and auxiliary
diagnosis, such as classification of benign and malignant lung tumors
and detection of benign and malignant breast lesions. It is also
analyzing and testing bone, cartilage and other structures in the
musculoskeletal field. The accuracy of diagnosis can be improved
through the joint analysis of several test equipment; even
electrocardiogram analysis can supplement the diagnosis of
dysfunction, such as arrhythmia and cognitive impairment, by
analyzing arrhythmia, cognitive impairment and other health
problems.

5.2 Intelligent medical treatment

Smart medicine is to realize the interconnection between patients
and medical personnel, medical facilities and medical equipment by
establishing the medical records of the regional health information
platform and using the latest deep learning technology, so as to
gradually realize continuous informatization (Srinivasa et al., 2018).
In the near future, more and more artificial intelligence, sensor
technology and other advanced technologies would be introduced

into the medical and health industry, which would make medical and
healthcare become truly intelligent and contribute to the successful
development of medical and health undertakings.

5.2.1 Medical equipment and drug information query
The barcode or two-dimensional code on the medical device or

package is printed by the laser printer, so that the purchaser can easily
check the authenticity of the medical device and drugs, and
understand the use of the medical device and the recommended
manufacturer, so as to obtain drug information, product, date, and
series, and query drug sales information (Gopal et al., 2019; Sodhro
et al., 2020). This information can effectively help buyers understand
medical equipment.

5.2.2 Monitoring of medical waste disposal
Medical waste is different from ordinary waste, so the treatment of

medical waste has a complete process: Deep learning technology can
track the process of medical waste from transportation to treatment in
real time, which effectively prevents violations in medical waste
treatment.

5.2.3 Digitization of medical information
Deep learning technology can also promote the rapid development

of mobile medicine. With intelligent medical equipment, people’s
important health indicators can be regularly uploaded to the medical
information center. The information center can establish a health map
for everyone, and monitor people’s health indicators, so as to report
people’s physical conditions through mobile communication and
provide relevant suggestions on people’s lifestyle, nutrition, etc.

5.2.4 Telemedicine
Deep learning technology can upload patient information from

different regions or even countries to the data center. For some severe
patients or complex cases, authorized expert advisory teams can
provide remote or virtual consultation, so that patients can receive
timely, advanced and scientific treatment. In rural areas with low level
of medical care and infrastructure, telemedicine based on deep
learning technology can improve the level of rural medical care.

TABLE 1 Hearing loss in children under 2 years of age level of hearing loss.

Sound intensity Level of hearing impairment

≤ 30dBnHL Normal

31–50dBnHL Mild hearing loss

51–70dBnHL Moderate hearing loss

71–90dBnHL Severe hearing loss

>90dBnHL Very severe hearing loss

TABLE 2 Hearing loss in children over 2 years of age level of hearing loss.

Sound intensity Level of hearing impairment

≤ 25dB HL Normal

25–40dB HL Mild hearing loss

41–60dB HL Moderate hearing loss

61–80dB HL Severe hearing loss

> 80dBHL Very severe hearing loss

FIGURE 3
Age profile of patients.
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6 Experimental evaluation of gene
function of deafness caused by
PTPN11 gene mutation syndrome

6.1 General information of the research object

At present, most of the deaf patients with PTPN11 gene mutation
syndrome are young children, so this paper conducted a retrospective
analysis of the clinical data of 85 deaf children who visited Hunan
Children’s Hospital,P.R. China from January 2020 to December 2021.
All subjects received detailed medical history and general physical
examination, as well as systematic hearing test, inner ear X-ray
examination and coronal thin slice computed tomography, so as to
exclude hearing loss caused by unilateral deafness and otitis media,
meningitis, occupational injury and trauma. After these
comprehensive assessments, the study participants were diagnosed
with bilateral sensorineural hearing loss.

6.2 Hearing assessment of patients

Listening assessment is based on the principles of test matching
and cross validation. Auditory physiology and behavioral audiometry
were conducted, namely, brainstem evoked response, stable auditory
evoked response, paradoxical otoacoustic emission, acoustic
conductance and behavioral audiometry. The results were
confirmed at the end of the auditory evaluation, and there was a
good correlation between the test and retest. The hearing loss of
children under 2 years old is determined according to the threshold of
V wave response, and the hearing loss of children over 2 years old is
determined according to the average of the four frequencies (500 Hz,
1,000 Hz, 2,000 Hz, and 4,000 Hz) felt in the behavioral audiometry
test (Shoham et al., 2019). The assessment principles for hearing loss of
children under 2 years old can be shown in Table 1.

The assessment principles for hearing loss of children over 2 years
old can be shown in Table 2.

6.3 Methods of gene detection

Genomic DNA is extracted from peripheral venous blood of
children and their parents, and high-throughput full exome
sequencing is performed using Illumina NovaSeq6000 sequencing
platform. Under the 150 PE sequencing mode, Agilent V6 chip is
used to extract about 20,000 genes from the human genome and enrich

them in the exon region and adjacent transverse regions. At least
10 Gb–12 Gb of data is generated from each sample.

The criteria for evaluating NS are shown in Table 3.

6.4 Experimental results of gene function in
deafness with PTPN11 gene mutation
syndrome

6.4.1 Patient’s age
NS patients are divided into two groups according to the number

of pathogenic variants detected and the number of pathogenic variants
not detected, and the age status of NS patients is recorded in Figure 3.

The NS patients investigated in this paper were all 12 years old
and below. Among them, the number of NS patients less than 1 year
old detected pathogenic variants was 7, with a probability of 8.24%
(7/85); the number of NS patients in the age range of 1–3 years old
was 25, with a probability of 29.41% (25/85); the number of NS
patients in the age range of 4–6 years old was 6, with a probability of
7.06% (6/85); the number of NS patients aged 6–12 years old with
pathogenic variants was 5, with a probability of 5.88% (5/85); the
number of NS patients less than 1 year old without pathogenic
variation was 8, with a probability of 9.41% (8/85); the number of
NS patients aged 1–3 years without pathogenic variation was 9, with
a probability of 10.59% (9/85); the number of NS patients aged
4–6 years without pathogenic variation was 22, with a probability of
25.88% (22/85); the number of NS patients aged 6–12 years old with
pathogenic variants was 3, with a probability of 3.53% (3/85). The
number of NS patients aged from 1 to 3 years with pathogenic
variation detected and the number of NS patients aged from 4 to
6 years without pathogenic variation detected are the largest, and the
probability is also high.

6.4.2 Patient’s gender
The results of gender status of NS patients are shown in Figure 4.
49 NS children were boys, with a probability of 57.65% (49/85).

Among them, the number of pathogenic variants detected was 23, with
a probability of 27.06% (23/85); the number of people without
pathogenic variation was 26, with a probability of 30.59% (26/85).
36 NS children were girls, with a probability of 42.35% (36/85). Among
them, the number of pathogenic variants detected was 20, with a
probability of 23.53% (20/85); the number of pathogenic variants
detected was 16, with a probability of 18.82% (16/85). In general, boys
are prone to NS, and the probability of detecting pathogenic variants is
lower than that of not detecting pathogenic variants.

TABLE 3 Diagnostic criteria for Noonan syndrome.

Clinical features Major Secondary

Facial Typical face Suggestive face

Cardiac Pulmonary stenosis and/or ECG abnormalities Other abnormalities

Height < P3 < P10

Chest wall Pectus excavatum or funnel chest Thoracic widening

First degree relatives Confirmed diagnosis of Noonan’s syndrome Prompt Noonan syndrome

Other Intellectual disability, cryptorchidism and lymphatic duct dysplasia present together Intellectual disability, cryptorchidism and lymphatic duct
dysplasia
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6.4.3 Hearing loss of patients
The hearing loss of NS patients is shown in Figure 5.
There were 20 NS patients with mild hearing loss, and the

probability was 23.53% (20/85). Among them, 11 NS patients with
mild hearing impairment detected pathogenic variation, with a
probability of 12.94% (11/85); there were nine patients with mild
hearing impairment NS who had no pathogenic variation, with a
probability of 10.59% (9/85). There were 25 NS patients with moderate
hearing loss, with a probability of 29.41% (25/85). Among them, 12 NS
patients with moderate hearing loss detected pathogenic variation,
with a probability of 14.12% (12/85). There were 13 NS patients with
moderate hearing loss who had no pathogenic variation, with a
probability of 15.29% (13/85). There were 22 NS patients with
severe hearing loss, with a probability of 25.88% (22/85). Among
them, 10 NS patients with severe hearing impairment had pathogenic
variants, with a probability of 11.76% (10/85). There were 12 NS
patients with severe hearing impairment who had no pathogenic
variation, with a probability of 14.12% (12/85). There were 18 NS
patients with extremely severe hearing loss, with a probability of
21.18% (18/85). Among them, 10 patients with extremely severe
hearing impairment NS had pathogenic variants, with a probability
of 11.76% (10/85). There were 8 NS patients with extremely severe
hearing impairment who had no pathogenic variation, with a
probability of 9.42% (8/85). In general, the hearing loss of NS
patients is mostly moderate and severe.

6.4.4 Imaging examination
The imaging findings of 85 NS patients are recorded in Figure 6.
The imaging findings of 48 NS patients were abnormal in the

inner ear and auditory nerve, with a probability of 56.47% (48/85).
Among them, pathogenic variants were detected in 26 NS patients
with abnormal inner ear and auditory nerve, with a probability of
30.59% (26/85). There were 22 NS patients with abnormal inner ear
and auditory nerve, and no pathogenic variation was detected, with a
probability of 25.88% (22/85). There were 37 NS patients with no
abnormal imaging results, and the probability was 43.53% (37/85). In
these NS patients, pathogenic variants were detected in 17 patients,
with a probability of 20% (17/85). There were 20 patients without
pathogenic variation, and the probability was 23.53% (20/85). It can

be seen that NS patients often have abnormal inner ear and auditory
nerve.

6.4.5 Deafness gene and number of cases in NS
patients

The deafness genes and cases of 85 NS patients are recorded in
Table 4.

Among 85 NS children with PTPN11 gene mutation, 15 children
had a gene mutation of Exon13, and the nucleotide mutation was
c.1510A>G. The amino acid variation was p.M504V, with a
probability of 17.65% (15/85); there were 24 children with
Exon1 gene mutation, and the nucleotide mutation was c.10C>G.
The amino acid variation was p.R4G, with a probability of 28.24% (24/
85); the gene mutation of 25 children was Exon3, and the nucleotide
variation was c.236A>G. The variation of amino acid was p.Q79R, and
the probability was 29.41% (25/85); the gene mutation position of
21 children was Exon11, and the nucleotide variation was c.1277A>G.
The amino acid variation was p.H426R, with a probability of 24.7%
(21/85). In general, most of the mutation genes in children are located
in Exon1 and Exon3, with a combined probability of 57.65%.

FIGURE 4
Gender status of patients.

FIGURE 5
Hearing impairment of patients.

FIGURE 6
Imaging studies.

Frontiers in Genetics frontiersin.org07

Wu et al. 10.3389/fgene.2023.1113095

57

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1113095


7 Conclusion

In order to study the diagnosis and gene function of deafness caused
by PTPN11 gene mutation syndrome, this paper first introduced the
syndrome deafness, and then analyzed the PTPN11 gene and Noonan
syndrome. The common molecular diagnostic techniques for deafness
were introduced, and the application of deep learning and intelligent
medicine in medical treatment was analyzed. Finally, the gene function of
deafness caused by PTPN11 gene mutation syndrome was analyzed, and
the conclusion was drawn. The number of NS patients aged from 1 to
3 years with pathogenic variants detected and the number of NS patients
aged from 4 to 6 years without pathogenic variants detected were the
largest. Boys were prone to NS, and the probability of the number of
people with pathogenic variants detected was lower than that of the
number of people without pathogenic variants detected. The hearing loss
of NS patients mostly showed moderate and severe damage, and NS
patients often had abnormal inner ear and auditory nerve. Most of the
mutation genes of the children were located in Exon1 and Exon3. Deep
learning technology had an excellent application in analyzing the gene of
NS patients.
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Relationship between single
nucleotide polymorphism of
NOS2 gene and inheritance of
allergic rhinitis in children
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Jiang Xie1*, Guangliang Liu1* and Shuting Chang2*
1Department of Otorhinolaryngology Head and Neck Surgery, Hunan Children’s Hospital, Changsha, Hunan,
China, 2Department of Neonatology, Hunan Children’s Hospital, Changsha, Hunan, China

Allergic rhinitis is a common chronic disease, and its high incidence has a great
negative impact on the quality of life of many people, especially children. In this
paper, through in-depth analysis of NOS2 gene polymorphism, the protective
mechanism of NOS2 gene against AR was studied to provide theoretical and
scientific basis for the diagnosis of children with AR. It was concluded that the
concentration of Immunoglobulin E (IgE) in rs2297516 was 0.24 IU/mL compared
with that in normal children. rs3794766 specific IgE concentration in the children
group was increased by 0.36 IU/mL, which was higher than that in the healthy
children group; the difference of rs7406657 specific IgE concentration between the
children group and the healthy group was 0.03 IU/mL. The total serum IgE
concentration in the healthy children group was lower than that in the infant
group, and the change of Rs3794766 was the least, followed by rs2297516 and
rs7406657. This means that rs7406657 is the highest, rs2297516 had general genetic
correlation with AR patients, and rs3794766 had the least genetic correlation with AR
patients. Among the three groups of SNP loci, the healthy children group was higher
than the patient children group, indicating that AR reduces the gene frequency of the
three loci, and the reduction of gene frequency will also increase the susceptibility of
children to AR, because the frequency of gene occurrence will affect the gene
sequence. In conclusion, smart medicine and gene SNPS can promote the detection
and treatment of AR.

KEYWORDS

allergic rhinitis, gene single nucleotide polymorphism, genetic analysis, intelligent medical
treatment, gene and inheritance of allergic rhinitis

1 Introduction

Rhinitis is widely defined as inflammation of nasal mucosa, which is a common disease
affecting about 40% of the population. AR is a common chronic rhinitis, accounting for 10%–

20% of the world population. Severe AR may have more adverse effects on quality of life, sleep
and work, because severe AR leads to respiratory obstruction in children. Intelligent medical
treatment can improve the detection of influencing factors of AR, and detect AR related genes
through intelligent devices, thus improving the detection accuracy. AR not only makes life
difficult for adults, but also affects the quality of life of many children. Therefore, the study of
AR has important clinical and social significance.

AR can affect respiratory tract infection in children. Bousquet Jean put forward the first guide
based on recommendation grading evaluation and development evaluation, integrating the
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application of supporting research in AR management. The purpose was
to improve the accuracy of the diagnosis strategy and treatment plan in
allergic rhinitis (Bousquet et al., 2020a). Small Peter believed that allergen
immunotherapy was an effective immunomodulation therapy. If the drug
treatment of allergic rhinitis was ineffective or intolerable, or the patient
chooses, it should be recommended (Small et al., 2018). Schuler IV
Charles Frank studied the influencing factors and causes of children’s AR,
and proposed some coping strategies (Schuler et al., 2021). Okubo
Kimihiro believed that it was necessary to understand AR through a
guide and use this knowledge to develop treatment plans. He also
discussed the concept of AR and cost-benefit analysis (Okubo et al.,
2020). Scadding Glenis K believed that the combined treatment of
intranasal corticosteroids and intranasal antihistamines was more
effective than any one alone, which could provide second-line
treatment for rhinitis patients with poor control after single drug
treatment (Scadding et al., 2017). Meng Yifan covered recent studies
on SNP, DNA methylation, regulatory B cells, immunotherapy and the
role of biological agents in AR (Meng et al., 2019). Zhang Yuan needed to
better understand the prevalence and characteristics of AR, sensitization
mode and related risk factors, so as to improve treatment and develop
effective allergic rhinitis prevention strategies (Zhang and Zhang, 2019).
The above studies all described the hazards and influencing factors of AR,
but did not combine with the SNP of the gene.

SNP is closely related to AR. Chen Min-Li studied the relationship
between SNP and AR through meta-analysis of SNP and AR risk in
interleukin-13 and differentiation 14 gene clusters (Chen et al., 2018).
Falahi Sara used polymerase chain reaction restriction fragment length
polymorphism to determine the relationship between SNP of interleukin-
33 gene andAR (Falahi et al., 2022). Amarin Justin Z used binomial logistic
regression to study the association based on genotype under the general,
recessive and dominantmodels of disease penetrance, and believed that the
marker selection in the future genetic association study of asthma and
allergic rhinitis should include functional polymorphism (Amarin et al.,
2017). KeXia aimed to evaluate the potential association between gene SNP
and AR in Han population. His results showed that it was significantly
related to AR risk inHan population (Ke et al., 2017). The above studies all
described the relationship between SNP and AR, but there are still some
deficiencies in genetic research.

The treatment plan for AR can effectively relieve the symptoms of
patients, which is usually safe and positive. However, it still cannot
meet people’s expectations for the treatment of diseases, because the
current treatment plan still cannot completely cure allergic rhinitis.
Even after treatment, the quality of life of patients still suffers from
some adverse effects. Intelligent medical treatment can improve the
detection of influencing factors of AR, and detect AR related genes
through intelligent devices, thus improving the detection accuracy.
Therefore, in the aspect of AR treatment, it is necessary to discuss the
treatment mechanism and pathogenesis in detail. By measuring the
concentration of total IgE in patients’ serum, the degree of association
between allergic factors and NOS2 gene polymorphism is analyzed.

2 Factors of AR genetics

2.1 Etiology and genetic factors of AR

AR is a multifactorial disease caused by the interaction between gene
and environment. Genetic research shows that AR is a complex genetic
disease, in which environmental factors are mainly related to various

allergens in the human environment (Numminen, 2017). Many
symptoms of AR are highly genetically controlled and are polygenic.
Allergic rhinitis is affected by a variety of allergens. AR genetic factors are
a variety of disease related genes and their related transcription factors,
involving the selection of immunoglobulin candidate genes, important
transcription factors, cytokines, T cell surface antigens and other
pathogenic genes, as shown in Figure 1. From the genetic point of
view, the impact of environmental factors on allergic rhinitis can be
determined. In addition, environmental changes allow the innate and
acquired immunity of the respiratory mucosal immune system to be
regulated through various genetic mechanisms, thereby increasing the
vulnerability of patients to allergic genes.

2.2 Inducers of AR

Figure 2 shows the specific IgE antibody reaction caused by
environmental allergens (mainly inhalation allergens and food
allergens), among which inhalation allergens are the main cause of
AR (Blaiss et al., 2018). Inhalation allergens include fungal spores,
pollen, internal mites, animal feces, etc. Their concentrations have a
great relationship with the severity of allergic respiratory symptoms.
The higher the concentration of allergen, the greater the probability of
infection. Allergens cause skin allergy, gastrointestinal and nasal
symptoms, but rarely AR. For infants, food allergy is mainly
related to milk and soybeans. Common food allergies in adults
include peanuts, nuts, fish, eggs, milk, soybeans, apples, pears, etc.
In addition, it should be noted that allergies to certain vegetables and
fruits may cause cross reactions with plant pollen.

2.3 Treatment of AR

The treatment principle is to avoid contact with allergens, reasonably
use antihistamines and glucocorticoids, and give special immunization to
patients. In addition, IgE monoclonal antibody is very effective for severe
AR, but it is expensive, because the preparation process of monoclonal
antibody is complex. Active and effective AR treatment can prevent and
reduce asthma attack. Although AR has not been completely cured, the
standardization of combined treatment is helpful to optimize symptom
control and significantly improve the quality of life of patients. The
treatment of AR includes acute treatment, routine treatment and drug
treatment, as shown in Figure 3. When the patient’s rhinitis obstructs
nostril breathing or shock occurs, a doctor should be immediately
arranged for emergency treatment. General treatment includes
avoiding contact with allergens, especially identified allergens, and
avoiding contact as much as possible. People with pollination allergy
cannot walk during pollination. In addition, tools can be used to fight
allergies, reduce nasal inhalation or allergic contact with the shell, and
reduce nasal and eye symptoms. Allergies to indoor microorganisms and
mites should be ventilated regularly to keep the room clean and dry.
People who are allergic to dandruff, feathers and feces should avoid
contact with animals as much as possible. The characteristics of drug
therapy are very different, lacking the best, fast and effective drug use
methods. In addition to ordinary generic drugs, under the guidance of
doctors, full consideration must be given to personal conditions to select
the most appropriate drugs, mainly through the appropriate dosage for
targeted treatment. In addition, drug therapy can greatly shorten the
treatment time and achieve rapid results (Bousquet et al., 2020b).
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2.4 Application of intelligent medical
treatment in AR

The current intelligent medical treatment can use ultrasound and
radio frequency for AR treatment. In particular, ultrasound therapy is
mainly used for focused ultrasound technology, rather than invasive
technology. It allows the ultrasound generated outside the body to
focus on specific human targets, and the focus area has high energy.

The biological effect of ultrasound on nasal submucous tissue can
reduce the sensitivity of nerves, blood vessels and clay glands. It can
immediately change the structure and function of target tissues to
reduce the hypersensitivity reaction of nasal mucosa, thus increasing
the effective nasal respiratory area. By selectively destroying
parasympathetic nerve fibers, AR can significantly improve nasal
itching, sneezing, nasal mucus and other diseases, and improve the
symptoms of patients (Tartarisco et al., 2017). Moreover, the idea of

FIGURE 1
Genetic factors of AR.

FIGURE 2
Inducement factors of AR.

Frontiers in Genetics frontiersin.org03

Wu et al. 10.3389/fgene.2023.1126212

62

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1126212


non-invasive treatment has become that there is no damage to the
invasive tissues. The ultrasonic rhinitis treatment instrument uses
non-invasive ultrasonic therapy to treat allergic rhinitis, and provides
doctors with new options for effective treatment of complications
because non-invasive ultrasound therapy is more convenient. High
frequency therapy is a kind of high-frequency electromagnetic band.
Among them, the magnetic field can spread directly in the atmosphere
or vacuum without being affected by the conductor. Low temperature
plasma is the most widely used RF device in clinical application. The
conductive medium forms a high concentration plasma area around
the electrode, which is composed of highly ionized particles. These
ionized particles have enough energy to tear the organic molecular
chains in the tissue, separate molecules and reduce the tissue volume.
The advantages of high-frequency treatment are relatively small
damage to surrounding tissues, low treatment temperature, ablation
of tissue targets, low thermal conductivity, less free radical release, less
inflammatory reaction, and no carbon and environmental pollution.

3 Experimental data and methods of
genetic association between NOS2
gene SNP and children AR

3.1 Clinical data

According to AR diagnosis and treatment methods, 285 children
with AR are selected from the otorhinolaryngology department of
Hunan Children’s Hospital, P.R. China, from December 2020 to
December 2021, including 167 boys and 118 girls, aged from 4 to
14 years. Then, 352 healthy children are searched again, including
157 boys and 195 girls, who are divided into two groups: the patient
children group and the healthy children group. All children in the

patient’s children group have many symptoms, such as nasal
congestion, poor breathing, sneezing and nose itching. Allergen
skin prick test (ASPT) is AR positive, and each patient has a
history of allergy inheritance. All children in the healthy children
group have no genetic history of allergy, and ASPT is AR negative. In
addition, all children in this experiment have no other allergic diseases
and allergic genetic history, and the accuracy of the experiment is
improved by excluding other criteria.

3.2 Experimental methods

1) The ASPT experiment and grading are carried out according to the
normal classification standard, and the ASPT grading of the patient
group is ≥1.

2) The patient’s serum IgE is detected using intelligent detection
equipment system.

3) All patients’ genomic DNA is extracted by elbow vein blood test
and refrigerated with a unified anti coagulation test tube.

4) There are three kinds of SNP site selection: rs2297516, rs3794766,
rs7406657.

5) The SNP classification uses an intelligent experimental platform
for classification and detection. The chip with the sample is tested
internally in the mass spectrometer, and the locus genotype of the
gene sequence is detected with the support of intelligent
equipment.

3.3 Statistical methods

Statistical analysis is carried out with data analysis software. The
measurement data are expressed in the way of mean value. The gender

FIGURE 3
Treatment of AR.
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difference between the two groups is compared with x2 Inspection. The
degree of fit is used to test whether the gene distribution conforms to
HardyWeinberg equilibrium. x2 is used to test the correlation between
allele frequency, haplotype, multilinear regression analysis SNP and
total serum IgE, and modify according to age and sex to determine the
main genetic model of A<0.05.

4 Experimental results of genetic
association betweenNOS2 gene SNP and
children’s AR

First, the gender difference between the two groups of children in
the genetic association analysis of NOS2 gene SNP and children’s AR
is analyzed to determine whether the two groups of children met the
test criteria. The specific differences are shown in Table 1.

According to the data described in Table 1, there are 167 boys and
118 girls in the patient children group, with a difference of 49 men and
women. There are 157 boys and 195 girls in the healthy children group,
with a difference of 38men and women. There are 10 differences between
boys in the patient children group and boys in the healthy children group,
and 77 differences between girls and girls in the healthy children
group. The x2of the patient children group is 0.251, and the x2of the
healthy children group is 0.025. The difference between the two groups is
0.226. The A of the patient children group is 0.458, and the A of the
healthy children group is 0.001. The difference between the two groups is
0.457. Through the analysis and comparison of x2and A, it can be known
that the gender differences between the two groups meet the statistical
standards. Then, the allele frequency difference of NOS2 between the two
groups of children is analyzed, mainly using single locus analysis. The
specific analysis is shown in Figure 4.

According to the allele frequency difference of NOS2 between the two
groups of children described in Figure 4, the allele frequency of NOS2 in
the healthy children group is higher than that in the patient children
group. It can be seen from the figure that the data of rs2297516 in the
patient children group under single point detection is 315, while the data
of rs2297516 in the healthy children group under single point detection is
384. The data of healthy children group is 69% higher than that of patient
children group. The data of rs3794766 in the patient children group
under single point detection is 118, while the data of rs3794766 in the
healthy children group under single point detection is 121. The data of the
healthy children group is 3 times higher than that of the patient children
group. The data of rs7406657 in the patient children group under single
point detection is 250, while the data of rs7406657 in the healthy children
group under single point detection is 283. The data of the healthy children
group is 33% higher than that of the patient children group. The SNP loci
of the three groups are higher in the healthy children group than in the
patient children group, which indicates that AR reduces the gene

frequency of the three loci, and the decrease in gene frequency also
leads to an increase in the susceptibility of children to AR. Then, the
difference of the distribution of NOS2 gene SNP genotype between the
patient children group and the healthy children group is analyzed. The
specific comparison is shown in Table 2.

According to the data described in Table 2, rs2,297,516 genotypes are
AA, CC and AC respectively. The AA, CC, and AC of the patients’
children group are 78, 110 and 175 respectively, while theAA, CC, andAC
of the healthy children group are 83, 125 and 214 respectively. Compared
with the two groups, the AA of the healthy children group is 5. CC of
healthy children is 15% higher than that of patients. The AC of healthy
children is 39. The distribution of these three genes is higher in the healthy
children group than in the patient children group, and A is 0.551,
indicating that the differences between the two groups meet the
statistical standard. The distribution of rs3794766 genotype is TT, CC
and CT respectively. TT is 5, CC is 269, and CT is 108 in the patient
children group, while TT is 9, CC is 308, and CT is 101 in the healthy
children group. Comparedwith the two groups, TT in the healthy children
group is 4. The CC of healthy children is 39. The CT of the healthy
children group is 7. The distribution of TT and CC genes in healthy
children is higher than that in patients. However, CT shows that the
healthy children group is lower than the patient children group, and A is
0.974, indicating that the difference between the two groups conforms to
the statistical standard. The distribution of rs3794766 genotype is CG, CC,
and GG. The CG, CC, and GG of the patient children group are 135, 48,
and 192 respectively, while the CG, CC, and GG of the healthy children
group are 179, 44, and 204 respectively. Compared with the two groups,
CG of the healthy children group is 44. The CC of healthy children is 4.
The GG of healthy children group is 12. The distribution of CG and GG
genes in healthy children is higher than that in patients. CC is lower in the
healthy children group than in the patient children group, and A is 0.084,
indicating that the difference between the two groups meets the statistical
standard. Then, the correlation analysis between NOS2 gene SNP and
serum total IgE concentration in patients’ children group and healthy
children group is analyzed. The specific changes are shown in Figure 5.

According to the comparative data in Figure 5, the total serum IgE
concentration in rs2297516 of the patient’s children group is 2.284 IU/mL,
while that in rs2297516 of the healthy children group is 1.595 IU/mL, with
a difference of 0.689 IU/mL. The total serum IgE concentration in
rs3794766 is 2.291 IU/mL in children group, while that in
rs3794766 in healthy children group is 1.654 IU/mL, with a difference
of 0.637 IU/mL. The total serum IgE concentration in rs7406657 of the
children group is 2.274 IU/mL, while the total serum IgE concentration in
rs7406657 of the healthy children group is 1.551 IU/mL, with a difference
of 0.723 IU/mL. The total serum IgE concentration of these three gene
sequences is lower in the healthy children group than in the patient
children group, and the change of rs3794766 is the smallest, followed by
rs2297516, and finally rs7406657. This shows that rs7406657 has the
highest genetic correlationwithAR patients, while rs2297516 has a general
genetic correlation with AR patients. The genetic correlation between
rs3794766 and AR patients is the smallest. Finally, the association between
NOS2 gene SNP and specific IgE is analyzed. The specific association
analysis is shown in Figure 6.

According to the comparative data in Figure 6, the specific IgE
concentration in rs2297516 of the patient’s children group is 1.21 IU/mL,
while the specific IgE concentration in rs2297516 of the healthy children
group is 1.45 IU/mL, with a difference of 0.24 IU/mL. The specific IgE
concentration in rs3794766 is 1.15 IU/mL in the children group, while
that in the healthy children group is 1.51 IU/mL, with a difference of

TABLE 1 Analysis of gender differences between the two groups of children.

Patient children group Healthy children group

Boy 167 157

Girl 118 195

x2 0.251 0.025

A 0.458 0.001
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0.36 IU/mL. The specific IgE concentration in rs7406657 of the children
group is 1.35 IU/mL, while the specific IgE concentration in rs7406657 of
the healthy children group is 1.38 IU/mL, with a difference of 0.03 IU/mL.
On the whole, the specific IgE concentration in the healthy children group
is higher than that in the patient children group. This shows that healthy
children are more specific to allergens and can be protected from the
infection of these allergens. The children of the patients have low
resistance to these allergens and are vulnerable to the infection of
these substances. The total IgE concentration in the serum of the
patient’s children is relatively low, which is unable to effectively
respond to the invasion of allergens.

5 Discussion

AR is a disease determined by genetic and environmental factors,
which plays an important role in the occurrence of AR. Special

immunotherapy is a method to treat allergic diseases and the only
way to change the natural process of AR, which is to improve patients’
allergen resistance by changing the role of target cells. At present, AR is
widely considered as a genetic and environmental disease caused by
genetic and environmental factors. SNP is a common genetic factor that
affects people’s susceptibility to disease. Studies have shown that the
sensitivity of antiretroviral drugs and the effectiveness of drug therapy
are related to multiple gene SNPs. The DNA differences of different
races, groups and individuals found in the research of human genome
observation system and their importance fundamentally change the
diagnosis, treatment and prevention of diseases. NOS2 gene is located
on chromosome 17, 37 KB long, with 26 exons. The second external
element has the starting point of the converter, and the 26th external
element has the final code. It runs a subspace area with many built-in
factors required to activate the initializer. NOS2 genotype has multiple
overlapping open reading frames, and the activation of subspace may
affect the expression of INOS. The study found that the rs2297516 data

FIGURE 4
Comparison of allele frequency difference of NOS2 between two groups of children.

TABLE 2 Difference of distribution of NOS2 gene SNP genotype between patient children group and healthy children group.

SNP Genotype Patient children group Healthy children group A

rs2297516 AA 78 83 0.551

CC 110 125

AC 175 214

rs3794766 TT 5 9 0.974

CC 269 308

CT 108 101

rs7406657 CG 135 179 0.084

CC 48 44

GG 192 204
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of the healthy children group is 69% higher than that of the patient
children group under the single point detection. The rs3794766 data of
the healthy children group is 3% higher than that of the patient children
group. The rs7406657 data of the healthy children group is 33% higher
than that of the patient children group. The total serum IgE
concentration of these three gene sequences is lower in the healthy
children group than in the patient children group, and the change of
rs3794766 is the smallest, followed by rs2297516, and finally rs7406657.
This shows that rs7,406,657 has the highest genetic correlation with AR
patients. The rs2,297,516 has the general genetic correlation with AR
patients, and rs3,794,766 has the lowest genetic correlation with AR
patients.

6 Conclusion

In the research of human genome SNP observation system, the
DNA differences have found in different races, groups and
individuals and their important properties fundamentally have
changed the diagnosis, treatment and prevention of AR diseases.
The SNP of NOS2 gene may be related to children’s AR. The SNP
genotype distribution of NOS2 gene analyzed in the experiment is
very similar to the genetic sequence of allergic rhinitis. Intelligent
medical treatment has improved the detection of influencing
factors of AR, and AR related genes was detected through
intelligent devices, thus improving the detection accuracy. In

FIGURE 5
Correlation analysis between NOS2 gene SNP and total serum IgE concentration in patients and healthy children.

FIGURE 6
Association between NOS2 gene SNP and specific IgE.
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addition, NOS2 gene SNP has a certain correlation with the total
serum IgE concentration. The potential role of NOS2 gene SNP in
the formation and development of AR has required a large number
of samples, multi regions and multi countries to conduct in-depth
research, which has laid a theoretical foundation for developing
new AR control direction. However, given the limited number of
samples collected in this study, it is necessary to increase the
number of samples to confirm the reliability of the results. The
severity of these problems requires more sampling and
comprehensive analysis in future research, and comprehensive
analysis of gene diversity of different chromosomes should also
be considered.
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The study of tumor microenvironment plays an important role in the treatment of
cancer patients. In this paper, intelligent medical Internet of Things technology was
used to analyze cancer tumor microenvironment-related genes. Through
experiments designed and analyzed cancer-related genes, this study concluded
that in cervical cancer, patients with high expression of P16 gene had a shorter life
cycle and a survival rate of 35%. In addition, through investigation and interview, it
was found that patients with positive expression of P16 and Twist genes had a higher
recurrence rate than patients with negative expression of both genes; high
expression of FDFT1, AKR1C1, and ALOX12 in colon cancer is associated with
short survival; high expressions of HMGCR and CARS1 is associated with longer
survival; overexpression of NDUFA12, FD6, VEZT, GDF3, PDE5A, GALNTL6, OPMR1,
and AOAH in thyroid cancer is associatedwith shortened survival; high expressions of
NR2C1, FN1, IPCEF1, and ELMO1 is associated with prolonged survival. Among the
genes associated with the prognosis of liver cancer, the genes associated with
shorter survival period are AGO2, DCPS, IFIT5, LARP1, NCBP2, NUDT10, and
NUDT16; the genes associated with longevity are EIF4E3, EIF4G3, METTL1,
NCBP1, NSUN2, NUDT11, NUDT4, and WDR4. Depending on the prognostic role
of genes in different cancers, they can influence patients to achieve the effect of
reducing patients’ symptoms. In the process of disease analysis of cancer patients,
this paper uses bioinformation technology and Internet of things technology to
promote the development of medical intelligence.

KEYWORDS

tumor microenvironment, internet of things technology, smart healthcare, biological,
correlation evaluation

1 Introduction

The correlation between cancer TME related genes and prognosis is an unclear field at
present, and there are big problems at present. The data of cancer analysis not only comes from
patients’ information, but also needs to be analyzed in combination with patients’ conditions to
understand the relationship between genes behind them, so as to achieve a good cure effect and
bring convenience to public life. It is necessary to analyze the correlation between cancer TME
related genes and prognosis in this field.
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TME is a topic of wide scholarly interest and has been studied by a
number of scholars in this area. Hu et al. (2020) included 85 patients to
investigate the effect of TME and related genes on patients with
osteosarcoma. Survival analysis showed that patients with higher
immune scores had good overall survival and disease-free survival.
In addition, 769 genes were identified as TME-associated genes. It was
concluded that TME was associated with the prognosis of patients
with osteosarcoma. A prognostic model based on TME-related genes
can effectively predict overall survival and disease-free survival in
patients with osteosarcoma. Yuan et al. (2020) performed a systematic
investigation of TME and identified TME-related genes with
prognostic value in patients with lung adenocarcinoma, identifying
a total of 281 prognostic TME-related genes. Subsequently, functional
analysis and protein-protein interaction network analysis showed that
these genes were mainly associated with immune response,
inflammatory response and chemotaxis. Luo et al. (2021)
performed survival analysis to identify colon cancer pivotal genes
and used these pivotal genes with TNM staging to construct
prognostic models. In addition, the correlation between pivotal
gene expression and immune cell infiltration was assessed. Wang
et al. (2021) investigated the potential relationship between co-
expression modules and TME by weighted gene co-expression
network analysis. Firstly, several TME-related genes were integrated
and a risk prediction model was established. The model can accurately
predict the progression and prognosis of BLCA and provide clinical
implications for risk stratification, immunotherapy drug screening
and treatment decisions. Liu et al. (2021) explored the relationship
between TME and prognosis of colorectal cancer and identified
prognostic genes associated with the microenvironment of
colorectal cancer. Gene expression data were collected from the
Cancer Genome Atlas and stromal/immune cell scores for
colorectal cancer were calculated and their relationship with
clinical outcomes. Li et al. (2021a) assessed the relationship
between TME and prognosis and explored prognostic genes in
rectal cancer. An expression data algorithm was used to estimate
stromal and immune cells in malignant tumors to calculate the
immune/stromal score. The correlation between immune/stromal
score and survival time as well as clinical characteristics was
assessed. Zhang et al. (2020) used the expression data algorithm to
estimate cells and immune cells in tumor tissue to calculate the
immune/stromal score. Patients with clear cell renal cell carcinoma
in the Cancer Genome Atlas database were classified into low and high
groups based on the score, and genes that were differentially expressed
and significantly correlated with prognosis were identified. The results
of functional enrichment analysis and protein-protein interaction
networks indicated that these genes are mainly involved in the
regulation of extracellular matrix and cellular activity. Finally, a
series of microenvironment-related genes were obtained, which
predict the prognosis of patients with clear cell renal cell
carcinoma. In many studies, the analysis steps were similar, all of
them investigated the prognosis of cancer, indicating the practical
value of the investigation of cancer genes and prognosis.

The IoT technology has many applications in the medical field.
Zhu et al. (2019) believed that the development of the IoT advanced
medical care, and discussed different aspects of intelligent medical
care, as well as health data and patient centered health management.
Islam and Rahaman (2020) developed the intelligent medical
monitoring system in the IoT environment. Javaid and Khan
(2021) analyzed that the medical care enabled by the IoT could

help meet the challenge of the COVID-19 pandemic. Kondka et al.
(2022) used an intensive healthcare monitoring paradigm based on the
IoT machine learning strategy. Zhang et al. (2018) proposed an
intelligent IoT connection architecture for smart hospitals based on
narrowband IoT, and introduced edge computing to deal with the
delay requirements in the medical process. He developed an infusion
monitoring system to monitor the real-time decline rate and residual
drug volume during intravenous infusion, and discussed the
challenges and future direction of building a smart hospital by
connecting intelligent things. Li et al. (2021b) made a
comprehensive investigation on the intelligent medical system of
the IoT by using big data analysis of machine learning.
Mohammed (2020) studied the detection and diagnosis system of
novel coronavirus using the smart helmet based on the IoT. The
analysis of IoT technology has not yet analyzed the correlation
between cancer microenvironment related genes and prognosis.

In order to make the concept of intelligent medical care deeply
rooted in people’s hearts, this paper analyzed the IoT for intelligent
medical care, tumor microenvironment and their applications. The
correlation between cancer TME related genes and prognosis based on
the intelligent medical IoT was evaluated, and four common cancers
were took as examples to analyze their genes and prognosis effects.
Finally, the feasibility conclusion was drawn. This paper provided a
reference path for the correlation analysis between cancer
microenvironment related genes and prognosis.

2 Intelligent medical IoT

2.1 IoT and intelligent healthcare

The structure of the IoT is very complex and consists of three main
parts: The sensor layer is responsible for collecting information (it uses
smart cards, Radio Frequency Identification (RFID) tags, two digit
barcodes, sensors, etc.); the network layer is responsible for
transmitting information (it uses wireless network, cellular
network, wired network, RFID network, etc.); the application layer
supports information analysis and processing and management
decisions (Qadri et al., 2020).

Smart medical care comes into being under specific circumstances:
In the new round of medical reform, the old medical system cannot
meet the needs of today’s constantly developing society, while the
main reason for the new medical reform is that it is difficult to see a
doctor and the cost is high. With the change of life style, acute and
chronic diseases, aging population, and many hostile environmental
threats, the demand for hospital information technology is growing.
Intelligent medical management is to optimize the combination of QR
code, RFID, wireless network and other technologies with the
traditional hospital system integration.

2.2 Application of IoT in medical treatment

The IoT is a large-scale network established by connecting various
information sensors to the Internet, which collects any object or
process that needs real-time tracking, connection and interaction.
It also collects sound, light, heat, electricity, mechanical, chemical and
bioenergy, location and other important information. The goal is to
connect objects to objects, objects to people, and all objects to the
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network so that they can be more easily identified, managed, and
controlled. The IoT is the extension and expansion of computer
networks, which is a huge network formed by connecting various
information sensors to the Internet. It enables all people and things to
connect to the network and manage important events in a timely
manner. The IoT has a wide range of applications, including intelligent
security, intelligent logistics, intelligent medical and other fields
(Habibzadeh et al., 2019). The main applications of IoT technology
in the medical field are electronic documents, drug monitoring,
telemedicine, etc., as shown in Figure 1.

2.2.1 Electronic case
The electronic case mainly includes checking the patient’s real

identity, consulting records, medical history, etc., In emergency
situations, doctors can use electronic medical records to ensure
efficient and timely care. Electronic records include information
collection, storage, processing, and intelligent services. Personal
electronic medical records collect and store clinical information of
patients in outpatient and ward of different hospitals, as well as
electrocardiogram, ultrasound and other examination information.
In the consultation process, the patient only needs to bring a card, and
the doctor can understand the patient’s full medical history and
quickly solve the problem.

2.2.2 Drug supervision
The IoT is increasingly being used in the field of drug monitoring,

especially for obtaining information about drug production and
circulation, and preventing counterfeiting and abuse (Singh et al.,
2020). In recent years, medical malpractice has gradually become a
serious problem in society. The workload of medical personnel is
increasing, because they must constantly check the patients’ drugs to
avoid the wrong patient and drug combination. Traditional barcode
recognition has some disadvantages, such as poor readability and
reduced readability. Only RFID tags can be used after drug production,
which can record all production information and drug flow
information. They have tamper proof function. The advantage of
RFID tag is that it can store more data and capture obscure objects
without touching, so as to make them invalid. They can be used to help
staff check drugs and issue alerts to prevent dispensing errors or drug
abuse by patients.

2.2.3 Telemedicine
Telemedicine mainly involves remote monitoring and home care.

Among them, wireless sensor network technology is used to monitor
the physiological state and movement of the monitored object, so as to
assist patients in the event of an accident. A telemedicine system
usually consists of a ward, a home ward and a dedicated remote ward
that can be connected via the Internet. In case of an accident,
intelligent terminals such as mobile phones and computers can be
used to communicate with remote experts in a timely manner. Remote
experts can use various physiological information sensors, cameras,
microphones, and other equipment to directly monitor and
understand the patient’s condition and provide timely treatment.
This can save time and prevent patients from going to the hospital
blindly.

2.2.4 Mobile medicine
Mobile medical needs a wireless network as the basis of a complete

and efficient mobile medical system, including personal mobile medical
terminals, community mobile medical applications, hospital mobile
applications and mobile medical center platforms (Tian et al., 2019).
In the era of limited medical resources, efficient medical resources can
be integrated and maximized to better meet the challenges. Nowadays,
with the rapid development of communication technology and smart
phones, China’s communication network has been greatly expanded.
Medical software on smart phones is also being used more and more,
and mobile medicine is making remarkable achievements. For example,
the deployment, inventory and management of medical equipment or
the use of mobile ward rounds, mobile medicine, electronic health
records and drug management are becoming more and more popular,
and these have also been applied for the first time in rural and remote
mountain areas.

The intelligent sign in terminal is very useful for feeding patients,
hanging water for nurses and registering doctors. This technology can
be used to record patient information, prescription drugs and various
physiological parameters. RFID technology can quickly retrieve
relevant information through scanning codes and establish personal
care standards. It effectively reduces the workload of medical staff and
improves the implementation level of health education. Nurses are
very important to the information and knowledge in the work process.
Now, various types of healthcare management software are widely

FIGURE 1
Internet of Things in healthcare.
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used in mobile personal healthcare. Although it has not been widely
used in China, many problems remain unsolved. However, it is
believed that its huge advantages would promote the progress and
development of medical and healthcare.

3 Tumor microenvironment and its
application

3.1 Tumor microenvironment

TME refers to the internal environment where tumor cells originate
and live. This includes not only the tumor cells themselves, but also their
environment, fibroblasts, immune and inflammatory cells, glial cells,
and other cells, as well as the stroma, microvessels, and biomolecules
that infiltrate near the tumor. The most obvious signs of TME are
hypoxia, low pH and high pressure. With the help of TME, tumors
weaken anti-tumor immune response, and maintain proliferation,
which also prevent apoptosis and maintain inflammatory
environment and angiogenesis. The change of immune surveillance
function from tumor clearance to tumor induction is a complex process,
which involves several signal pathways mediated by cytokines expressed
by tumor cells, immune, cells and other non-tumor cells, such as tumor
related epithelial cells or fibroblasts in surrounding tissues.

The basis of tumor immune monitoring is fibroblasts, tumor
related macrophages, tumor related neutrophils, bone marrow
derived suppressor cells, tumor related fibroblasts, regulatory
T cells and other cells that change the balance of immune cells in
TME. This leads to increased inflammation and angiogenesis;
phenotypic changes of neutrophils from N1 to N2, macrophages
from MI to M2, and T cells from Thl to Th2; the number and
activity of cytotoxic T cells and antigen presenting cells decreased.
The sharp decrease of mature dendritic cells leads to the increase of
monocyte progenitor cells, which helps to increase tumor related
macrophages and bone marrow derived suppressor cells. The cytokine
network formed between these immune cells is mutually reinforcing,
which helps maintain the number of TME immune cells that
contribute to tumor formation. In addition, transforming growth
factor β, vascular endothelial growth factor, chemokines and
inflammatory cytokines (especially Th2 mediated cytokines) have
been proved to be involved in angiogenesis, inflammation, and
tumor immunosuppression. Fibroblasts and regulatory B cells seem
to be involved.

3.2 Proto oncogene and tumor suppressor
gene

3.2.1 Cancer gene
Cancer genes, also known as proto oncogenes, mainly refer to

DNA nucleotide sequences that have the ability to cause malignant
transformation of cells, that is, the nucleic acid part that causes
malignant transformation of cells. This concept was first discovered
in the study of retroviral RNA viruses, which were initially called viral
tumor genes. Later, it was found that the reverse transcriptional RNA
of this nucleotide sequence also existed in the cell gene, and even found
the carcinogenic base sequence that did not exist in the virus, so it was
renamed as the cell tumor gene. Tumor gene is a highly conserved
gene, which is expressed only during embryonic development. In

adulthood, it would no longer express itself and would be silent.
Tumor genes play an important role in regulating normal cell growth,
proliferation, development, and differentiation during embryonic
development. Therefore, oncogenes in cells are not only the cause
of cancer, but also the genes necessary for life. Oncogenes can be
produced only when the mutation of oncogene causes changes in its
normal structure and function.

Cancer genes are usually different from normal genes in the
following aspects: The expression level of tumor genes is often
higher than that of proto oncogenes (non-mutated normal genes
corresponding to tumor genes), and sometimes unnatural
transcription occurs in differentiated cells. This difference in
structure and function often leads to the loss of fusion protein
activity, which leads to the imbalance of oncogene proteins and
promotes unlimited cell proliferation and abnormal transformation.
The multi site mutation of many carcinogenic genes results in the
replacement of a single amino acid of the corresponding protein by
other amino acids.

3.2.2 Tumor suppressor gene
Tumor suppressor genes are genes that inhibit excessive cell

division, thus preventing the development and deterioration of
cancer. This is because the normal function of its expression
products would be to negatively stimulate cell growth and inhibit
proto oncogenes. When carcinogenic genes are destroyed by
internal or external factors during cell division and
proliferation, such destruction would lead to partial or even
complete deletion of genes, thus leading to loss of gene
expression or inactivation of gene expression products. As a
result, the product of gene expression lost its function, leading
to the occurrence of cancer. Tumor suppressor genes generally
have the following characteristics: The inhibition of tumor
suppressor genes is often accompanied by non-functional
mutations involving loss of heterozygosity; tumor suppressor
genes often mutate in cancer prone syndromes; somatic
mutation occurs in spontaneous tumor suppression; tumor
suppressor genes can also inhibit cell growth in vitro. Tumor
suppressor genes have many important functions. For example,
they induce cell differentiation and maintain genetic stability,
which also induce cell aging and normal programmed cell death
and regulate cell growth. They also inhibit protease activity and
change methylase activity, which also regulate histocompatibility
antigens and blood vessels and promote the formation of cells. The
inactivation of these functions or the deletion or mutation of these
genes can lead to the transformation of malignant cells, thus
leading to the occurrence of cancer.

3.3 Cytokines

Many cytokines form a complex network to regulate the immune
response of the human body in the local tumor microenvironment,
and promote or inhibit the growth, invasion or metastasis of tumors.
Cytokines mainly include interleukin-8, leukocyte inhibitory factor
and interleukin-6, which are summarized in Figure 2.

3.3.1 Interleukin-8
Interleukin-8 belongs to the CXC chemokine group, which is

involved in neutrophil activation and blood taxis. Interleukin-8
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plays an autocrine role in pancreatic cancer tissue and stimulates
vascular growth, which provides nutrition for pancreatic cancer
cells and promotes the proliferation and invasion of pancreatic
cancer cells.

3.3.2 Leukocyte inhibitory factor (LIF)
LIF is a growth factor that causes pancreatic cancer canceration. It

promotes the proliferation of human pancreatic cancer cells by
expressing c-fos gene, Jun-B gene and cyclin E. Clinically, the
content of LIF in quasi pancreatic cancer cell line Hs-700T is low,
which can induce STAT3 phosphorylation. However, LIF mediated
pathway can be inhibited by protein kinase C, protein tyrosine kinase
and calmodulin inhibitor.

3.3.3 Interleukin-6 (IL-6)
IL-6 is highly expressed in the matrix of many malignant

tumors, so it is an important factor in the relationship between
inflammation and tumor. In addition, IL-6 protects tumor cells
from DNA damage, oxidative stress and apoptosis caused by
treatment by promoting repair and inducing anti apoptosis
pathway, which has anti-cancer effect. Therefore, the method of
blocking IL-6 alone or in combination with traditional cancer

FIGURE 2
Cytokines.

TABLE 1 Cancers investigated in the paper.

Cancer type Concept

cervical cancer Early stage cervical cancer often has no obvious symptoms
and signs, and the cervix may be smooth or difficult to
distinguish from cervical columnar epithelial ectopic

Colon cancer A common malignant tumour of the gastrointestinal tract
occurring in the colon

Thyroid
adenocarcinoma

Malignant tumours arising from the follicular or
parafollicular epithelium of the thyroid

Liver Cancer Malignant tumours of the liver

FIGURE 3
p6 and Twist genes and prognosis of cervical cancer. (A) P16 gene in cervical cancer, and (B) Twist gene in cervical cancer.
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therapy may be a potential therapeutic strategy for the cancer
where IL-6 signaling is dominant. IL-6 is highly expressed in some
cancers, including breast cancer, lung cancer, stomach cancer, liver
cancer and ovarian cancer. The high expression of IL-6 is
associated with poor prognosis and can be used as a diagnostic
marker of inflammation and malignant tumor.

4 Cancer microenvironment related
genes based on intelligent medical IoT

The data in this paper were from the database of tumor genome
map. The physical condition and physical health of cancer patients received
extensive attention. In order to analyze cancer TME related genes, this
paper used intelligent medical IoT technology to analyze the patient’s
physical data, and selected several common cancers for correlation analysis
between cancer TME related factors and prognosis. The cancers
investigated in this paper are summarized in Table 1.

4.1 Cervical cancer

The gene expression profile and clinical follow-up data of
20 cervical cancer patients were downloaded from the tumor

genome map database, and the messenger RNA (mRNA) data of
188 cervical cancer patients with complete clinical follow-up
information were downloaded from the two microarray datasets of
the gene expression comprehensive database.

TISIDB database is an integrated storage portal for interaction
between tumor and immune system. This study first determined the
common prognostic related DEGs of TCGA dataset and GEO dataset,
and then used TISIDB database to evaluate the interaction of common
prognostic related DEGs in tumor and immune system.

The expression of P16 and Twist genes in cervical cancer was
closely related to prognosis. This paper analyzed this cancer to explore
the relationship between the expression of P16 and Twist genes and
prognosis, and recorded the results to Figure 3:

In Figure 3A represents the relationship between P16 gene
expression and patient survival, and B represents the relationship
between Twist gene and patient survival. Compared with low
expression of P16 gene, the life cycle of patients with high
expression of P16 gene was prolonged, and it remained at 35%
level; compared with low expression of Twist gene, the life cycle of
patients with high expression of Twist gene was also prolonged,
indicating that both genes had a great relationship with the
prognosis of patients. Through the investigation and interview
of patients, it was found that the recurrence rate of patients with
positive expression of both genes was higher than that of patients

TABLE 2 Prognostic value of colon cancer genes.

Gene type High expression is associated with shorter survival High expression associated with prolonged survival

FDFT1 Yes No

HMGCR No Yes

CARS1 No Yes

AKR1C1 Yes No

ALOX12 Yes No

TABLE 3 Prognostic value of thyroid cancer genes.

Gene type High expression is associated with shorter survival High expression associated with prolonged survival

NDUFA12 Yes No

NR2C1 No Yes

FD6 Yes No

VEZT Yes No

GDF3 Yes No

FN1 No Yes

PDE5A Yes No

GALNTL6 Yes No

OPMR1 Yes No

IPCEF1 No Yes

AOAH Yes No

ELMO1 No Yes

Among the 12 genes related to the prognosis of thyroid cancer investigated, the overexpression of NDUFA12, FD6, VEZT, GDF3, PDE5A, GALNTL6, OPMR1, AOAH was related to the shorter

survival period; the high expression of NR2C1, FN1, IPCEF1, and ELMO1 was related to the longer survival period.
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with negative expression of both genes. This showed that if
P16 gene was not controlled, cervical cancer would recur.
Therefore, it is a target for the prognosis of cervical cancer. The
presence or absence of Twist gene expression is related to the
prognosis of patients and can be used as a preliminary prognostic
marker.

4.2 Colon cancer

In this paper, the gene expression profile and clinical follow-up
data of 20 colon cancer patients were downloaded from the tumor
genome map database, and the survival results of five genes with
similar prognostic value were recorded in Table 2:

Among the five genes related to the prognosis of colon cancer
investigated, the high expression of FDFT1, AKR1C1, ALOX12 was
related to the short survival period; high expression of HMGCR and
CARS1 was associated with longer survival. The expression and
function of genes had a very important relationship with the growth
period of patients. Only by mastering the characteristics of different
genes could the patient’s symptom response be analyzed, thus bringing
advantages to reduce the patient’s symptoms. It could promote the low
expression of FDFT1 gene, AKR1C1 gene, and ALOX12 gene, so as to
improve the survival of patients. This kept HMGCR gene and
CARS1 gene highly expressed to improve the survival of patients.

4.3 Thyroid carcinoma

In this paper, the gene expression profile and clinical follow-up
data of 20 patients with thyroid cancer were downloaded from the

tumor genome map database, and the survival results of 12 genes with
similar prognostic value were recorded in Table 3.

4.4 Liver cancer

In this paper, the gene expression profile and clinical follow-up
data of 20 patients with liver cancer were downloaded from the tumor
genomemap database, and the survival results of 15 genes with similar
prognostic value were recorded in Table 4.

5 Conclusion

In order to analyze the correlation between cancer TME related
genes and prognosis, this paper first introduced the intelligent medical
IoT, and analyzed the application of the IoT in medicine.
Subsequently, TME and its application were introduced. Later, the
experiment was designed to analyze the prognosis related genes of
patients with cervical cancer, colon cancer, thyroid cancer, and liver
cancer. The conclusion was drawn. The relationship between different
TME genes and prognosis was very different. The analysis of TME can
improve the effect of reflecting cancer analysis, so when analyzing
genes, it is necessary to grasp the characteristics of gene expression for
cancer diagnosis. This analysis method can improve the prognosis and
has potential value for cancer diagnosis and treatment. The use of IoT
technology in biomedicine could greatly enhance the efficiency and
quality of disease research, thus improving the analysis rate of cancer.
In the future, the concept of intelligent medical treatment would
gradually become popular. The use of novel research technologies and
convenient research methods in this field could greatly improve the

TABLE 4 Prognostic value of liver cancer genes.

Gene type High expression is associated with shorter survival High expression associated with prolonged survival

AGO2 Yes No

DCPS Yes No

EIF4E3 No Yes

EIF4G3 No Yes

IFIT5 Yes No

LARP1 Yes No

METTL1 No Yes

NCBP1 No Yes

NCBP2 Yes No

NSUN2 No Yes

NUDT10 Yes No

NUDT11 No Yes

NUDT16 Yes No

NUDT4 No Yes

WDR4 No Yes

Among the genes related to the prognosis of liver cancer, the genes related to the shorter survival period were AGO2, DCPS, IFIT5, LARP1, NCBP2, NUDT10, and NUDT16. The genes related to long

survival period included EIF4E3, EIF4G3, METTL1, NCBP1, NSUN2, NUDT11, NUDT4, and WDR4.
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effect of cancer analysis, so as to promote the public to keep healthy
and meet their medical needs.
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Intelligent diagnosis value of
preoperative T staging of
colorectal cancer based on MR
medical imaging

Junqing Wang, Bingqian Chen, Jing Zhu, Junfeng Zhang and
Rui Jiang*

Department of Radiodiagnosis, General Hospital of Western Warfare Zone, Chengdu, Sichuan, China

Colorectal cancer is a common malignant tumor in clinic. With the change of
people's diet, living environment and living habits, the incidence of colorectal
cancer has risen sharply in recent years, which poses a great threat to people's
health and quality of life. This paper aims to investigate the pathogenesis of
colorectal cancer and improve the efficiency of clinical diagnosis and treatment.
This paper firstly introduces MR Medical imaging technology and related theories
of colorectal cancer through literature survey, and then applies MR technology to
preoperative T staging of colorectal cancer. 150 patients with colorectal cancer
admitted to our hospital every month from January 2019 to January 2020 were
used as research objects to carry out the application experiment of MR Medical
imaging in the intelligent diagnosis of preoperative T staging of colorectal cancer,
and to explore the diagnostic sensitivity, specificity and histopathological T staging
diagnosis coincidence rate ofMR Staging. The final study results showed that there
was no statistical significance in the general data of stage T1-2, T3 and T4 patients
(p > 0.05); for patients with preoperative T stage of colorectal cancer, the overall
diagnosis coincidence rate of MR Was 89.73%, indicating that it was highly
consistent with pathological T stage; compared with MR Staging, the overall
diagnosis coincidence rate of CT for preoperative T staging of colorectal
cancer patients was 86.73%, which was basically consistent with the diagnosis
of pathological T staging. At the same time, three different dictionary learning
depth techniques are proposed in this study to solve the shortcomings of long MR
Scanning time and slow imaging speed. Through performance testing and
comparison, it is found that the structural similarity of MR Image reconstructed
by depth dictionary method based on convolutional neural network is up to
99.67%, higher than that of analytic dictionary and synthetic dictionary, which
proves that it has the best optimization effect on MR Technology. The study
indicated the importance of MR Medical imaging in preoperative T staging
diagnosis of colorectal cancer and the necessity of its popularization.
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medical imaging technology, magnetic resonance imaging, colorectal cancer,
preoperative T staging, intelligent diagnosis and treatment
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1 Introduction

1.1 Background and meaning

The recent changes in people’s diet, living environment, and
living habits have also caused a series of malignant diseases such as
colorectal cancer. Colorectal cancer is a malignant tumor disease
common in middle-aged and elderly people. It is a type of disease in
the digestive system and has a very high incidence in our country
and the world. Because its early symptoms are hidden, it is easy to
miss early diagnosis and treatment. Most patients have reached the
middle and late stages when they are diagnosed, so they have a
higher mortality and disability rate. Nowadays, MRmedical imaging
technology is widely used in clinical practice and has achieved good
results (Xiao and Ding, 2019). This article’s goal is to examine the
value of MR medical imaging in the accurate diagnosis of colorectal
cancer’s preoperative T staging and to discover a successful method
for early detection and treatment of colorectal cancer. Improving the
diagnosis rate of patients will also improve their quality of life.

1.2 Related work

The incidence of early colorectal cancer is insidious, the clinical
symptoms are not prominent, and there are many uncertainties with
the increase of cancer. Because of the great harm of colorectal cancer
to humans (Zhu et al., 2020), colorectal cancer has been studied very
early, and many methods of diagnosis and treatment of colorectal
cancer have been explored. So J S, Cheong C, and Oh S Y once stated
that for patients with colorectal cancer, preoperative staging and
application of various imaging techniques are of great significance to
formulating treatment plans and predicting prognosis. For this
reason, they discussed the use of CT technology to diagnose
colorectal cancer (So et al., 2017). Xu Jiayi, Wang Jinkai and
Zhou Lu discussed the value of serum C-reactive protein (CRP),
sugar chain antigen 19-9 (CA19-9) and carcinoembryonic antigen
(CEA) in the preoperative diagnosis of colorectal cancer (Xu et al.,
2017). Ma K investigated the use of CT in the treatment of common
malignant tumors including lung and colorectal cancer. They
emphasized that while CT technology does not significantly
contribute to the management of cholangiocarcinoma, it is
helpful in the detection and management of colorectal cancer
(Ma et al., 2018). Jaramillo FA and Daniel Upegui Jiménez
proposed that CT colorectal cancer is the fourth leading cause of
death in the world and the fifth leading cause of cancer death in
Colombia. They believe that MRI is an ideal method to evaluate
colorectal cancer, especially for screening, because it can be staged by
determining the degree of invasion of the muscle layer and adjacent
organs, which is useful for determining candidates for
chemotherapy or preoperative radiotherapy and planning surgery
procedure is crucial (Jaramillo and Upegui Jiménez, 2016). In
addition, Park SH et al. stated that the preoperative colorectal
tumor location is essential for proper resection and treatment
planning. In response to the low positioning accuracy of
traditional colonoscopy, they proposed to develop several new
positioning techniques. They reviewed the tumor localization
error rates of several preoperative endoscopic techniques,
combined information about localization errors and risk factors

for surgery-related adverse events, and concluded an effective
method for accurately localizing colorectal tumors (Park et al.,
2017). It can be seen from the above research results that
although there are various methods for the diagnosis and
treatment of colorectal cancer, there are still relatively few studies
using MR medical imaging technology to intelligently diagnose the
preoperative staging of colorectal cancer. Therefore, this article
attempts to use this technology to explore the clinical intelligent
diagnosis and treatment of colorectal cancer, with a view to adding a
new treatment method to clinical treatment.

1.3 Innovations in this article

The innovations of this article are mainly reflected in the
following aspects: 1) A malignant gastrointestinal tumor,
colorectal cancer is exceedingly dangerous to people’s health and
has a negative impact on patients’ quality of life. The clinical aspects
of colorectal cancer are covered in this article. Methods of diagnosis
and treatment greatly aid in the improvement of patient quality of
life, the rate of early diagnosis, and the social practical importance
and value; 2) The use of MR medical imaging technologies in the
preoperative T staging of colorectal cancer is explored in this study.
It is also suggested to apply deep learning algorithms to address the
shortcomings of sluggish imaging speed and lengthy MR scanning
times, which is crucial for enhancing and optimizing the
performance of MR technology and enhancing its use in clinical
diagnosis.

2 MR medical imaging technology and
its intelligent diagnostic value for
preoperative T staging of colorectal
cancer

2.1 MR medical imaging

(1) MR

MR, or magnetic resonance, is a physical phenomenon related to
the gravitational theory of magnetic fields (Joany and
Logashanmugam, 2018). The principle is to combine the
externally applied radio frequency energy field with the proton
energy field of the human body. In a strong magnetic field
environment, the proton can be thought of as a spin-nucleus
system that can reflect certain aspects of the system by absorbing
the externally delivered matching radio frequency energy field (Song
et al., 2017; Guo et al., 2019).

(2) MRI

MRI, is magnetic resonance imaging, that is, magnetic resonance
medical image. It is a type of magnetic resonance imaging-based
imaging technology used for clinical disease diagnosis and
treatment. When protons in the human body or the spin-nucleus
system are magnetized to form a macroscopic magnetization vector,
they will be driven by the radio frequency field. After being forced to
return to its equilibrium position, the magnetization vector will keep
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circling the spin-nucleus system, eventually forming a closed coil.
The coil will generate a magnetic resonance signal as a result of the
nuclear system’s steady rotation. Since this kind of magnetic
resonance signal cannot distinguish between the various positions
of the spin nucleus, gradient fields must be applied in different
directions of the spin nucleus. Through independent marking of its
spatial position information during rotation, the spin nucleus is able
to do so (Ali et al., 2019; Hoshino et al., 2019).

(3) Three-dimensional modeling of MR medical images

MR medical imaging uses the gravitational force of a
magnetic field to treat the protons of the human body as a
spin nucleus system, and absorbs the externally applied
matching RF power field to generate magnetic resonance
signals, creating a two-dimensional image in the process. The
spatial position of the MR image will continue to consistently
correspond to distinct pixel coordinates because of the nuclear
system’s continual rotation (Yao et al., 2016; Pradhan et al.,
2020). The patient’s lesion location is eventually localized in
three dimensions using a three-dimensional picture. Transverse,
coronal, sagittal, and any other cross-sectional images of the
human body are included in general MR three-dimensional
medical imaging (Acuna et al., 2017).

(4) MR image processing

Before they can be used effectively, medical photographs
typically need to be cleaned, denoised, improved, and subject
to other processes. This is because, during the picture capture
process, the image will be susceptible to varying degrees of
external interference, and the final image will be fuzzy or
noisy (Lu and Wang, 2018). The magnetic field of the human
body interacts with the radio waves of the MRI scanner to
produce magnetic resonance images. Magnetic resonance
signals are produced when the protons in the human body
interact with radio wave energy. The coordinates of the
various places of the tissues being investigated are represented
by these signals. A tissue image of the human body is created by
the fusion of many locations (Shakeel et al., 2020; Xu et al., 2022).
We frequently employ image data processing technology for
picture processing, and the procedure is as follows:

1) Image denoising and filtering. There are two widely used
algorithms: the top-hat transform algorithm and the dual-tree
complex wavelet transform algorithm.

The dual-tree complex wavelet transform approach comes first.
On the basis of the complex wavelet, the dual-tree complex wavelet
is produced. The formula for one-dimensional data
transformation is:

Φ t( ) � Φh t( ) + iΦg t( ) (1)
t is the time, Φ(t) is the total function.

When the complex wavelet becomes a dual-tree complex
wavelet, its two-dimensional data transformation formula is:

Φ a, b( ) � Φ a( )Φ b( ) (2)

where Φ(a, b) is a two-tree complex wavelet. Second: the top-hat
transformation method. Open and close the original image as
follows:

f+A � fΘA( ) ⊕ A
f•A � f ⊕ A( )ΘA (3)

Then the top hat transformation is as follows:

WTH a, b( ) � f a, b( ) − f+A a, b( )
BTH a, b( ) � f•A a, b( ) − f a, b( ) (4)

WTH (.) is the form of image transformation, and BTH (.) is the
result of transformation.

2) Image augmentation. Typically, frequency domain and air
domain methods are used.

First: To achieve the goal of boosting the contrast, the spatial
technique involves processing the picture pixels in the space where
the image is placed. The airspace method is expressed as follows:

g a, b( ) � U f a, b( )[ ] (5)
g (a, b) is the image pixel in space, and U is the transformation

function.
Second: The image is first transformed by the frequency

domain method, the parameters are then improved, and lastly
the enhanced image is changed back to the original region (Guo
et al., 2018).

(6) Advantages and disadvantages of magnetic resonance imaging

At present, in addition to MR, the commonly used medical
diagnostic imaging techniques in clinical use include CT and
X-ray. X-ray is the earliest and most common medical imaging
technology. It has strong penetrability and is suitable for imaging
examinations of high-density tissues. It is generally used for bone
examination, but the imaging is not clear and will produce
harmful radiation to the human body. CT images are clearer
than X-ray images and can be used to examine internal organs
and brain tissue, but the radiation it produces is more harmful
than X-rays. In contrast, MR not only has a high-definition
resolution, but also does not generate harmful radiation to the
human body. It can also perform arbitrary slices in different
directions according to the patient’s different body positions.
However, MR images also have a shortcoming that cannot be
ignored. The equipment takes a long time to scan, and the
inspection of one part often takes a long time, which not only
aggravates the patient’s pain, but also increases its economic
burden (Hu et al., 2020; Monroe et al., 2021). Therefore, in order
to improve this problem and improve the speed and efficiency of
MR image scanning, this article attempts to optimize and
improve MRI. This content will be specifically introduced in
the third section with colorectal cancer as an example.

2.2 Colorectal cancer

(1) The symptoms of colorectal cancer
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Colorectal cancer, also known as colorectal cancer, is a common
malignant tumor of the digestive tract, including colon cancer and
rectal cancer. Its lesions often occur in the colorectal epithelial tissue.
The high incidence of colorectal cancer is mainly middle-aged and
elderly people between 54 and 81 years old, mostly in developed
countries. At present, the pathological mechanism of colorectal
cancer is not yet clear, but it is closely related to factors such as
people’s diet, living environment, family hereditary polyps and
chronic inflammation. Studies have shown that people who eat
high-fat, high-calorie, low-fiber foods are more likely to develop
colon cancer (Yang et al., 2019). China has long been a country with
a low incidence of colorectal cancer, but with the improvement of
living conditions, people’s diet and living conditions have
undergone significant changes, and the incidence of colorectal
cancer has gradually increased.

1) The early stage of the disease is difficult to detect, and the
symptoms are extremely hidden, which often leads to missed
and misdiagnosed phenomena. Many patients are often in the
late stage of the disease when they are diagnosed. Therefore, the
disease has a high mortality and disability rate;

2) The elderly are a frequent group of the disease, which is
extremely harmful to the quality of life and health of the elderly;

3) The tumor cells in the lesion are prone to metastasis, which
affects the normal physiological functions of the surrounding
organs and other parts of the body;

4) Postoperative complications are obvious and difficult to cure,
and the quality of life of patients has significantly decreased (Sun
et al., 2017).

(2) Clinical manifestations of colorectal cancer

1) Early clinical symptoms. In the early stages of the disease, the
symptoms of colorectal cancer are not yet obvious. However,
when the tumor in the intestine grows larger, the patient’s bowel
habits will gradually change, showing symptoms such as
bleeding stool, diarrhea, alternating diarrhea and
constipation, and local abdominal pain. The frequency of
excretion increases, accompanied by a small amount of
mucus and blood in the stool.

2) Middle and late clinical symptoms. In themiddle and late stages,
the tissues and organs around the colorectal have different
degrees of necrosis and changes, and their functions are
obviously impaired. For example, the surrounding tissues
such as the bladder and prostate will have symptoms such as
frequent urination, urgency and difficulty urinating. In severe
cases, the tumor cells of colorectal cancer will also move and
metastasize to distant tissues, such as liver and lungs. Patients
with advanced colorectal cancer may also experience weight
loss, loss of appetite, and anemia (Que, 2018).

(3) Preoperative T staging of colorectal cancer

T stage: The tumors located in the local intestinal mucosa were
divided into T1, T2, T3 and T4 according to the depth of invasion.
T4 suggested that the surrounding structures and tissues were
invaded. The larger the number, the later the stage. Preoperative T
staging is a preoperative preparation for the treatment of
gastrointestinal diseases. Colorectal cancer is a malignant
gastrointestinal tumor, and surgery is quite risky, coupled with the
special physiological structure and function of the human rectum.
Therefore, in order to increase the success rate of surgery and reduce
the risk of surgery, it is very important to determine and stage the

TABLE 1 General information of patients.

Group Man Woman Average age Average age of disease

T1-2 27 14 51 ± 2.14 9 ± 2.17

T3 34 24 54 ± 3.22 7 ± 3.16

T4 27 20 53 ± 2.57 11 ± 2.34

FIGURE 1
Comparison of general patient information.
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condition of colorectal cancer patients before surgery. The more
accurate the preoperative staging is, the better it is for patients to
undergo adjuvant chemotherapy before surgery, which can reduce the
stage of malignant tumors, and also facilitate the selection and
arrangement of surgical plans, thereby achieving the purpose of
improving the success rate of surgery and the survival rate of
patients. It is also very effective for the prognosis of patients,
reducing the recurrence rate of colorectal cancer patients after
surgery and greatly improving their quality of life (Frank et al., 2018).

2.3 Value of MR medical imaging on the
intelligent diagnosis of preoperative T
staging of colorectal cancer

With the development of medical technology, X-ray, CT and
MR technologies have gradually been widely used in the medical
field. Although MR has advantages over X-ray and CT in terms of
imaging quality and impact on the human body, long scanning time
and slow imaging speed are also its biggest disadvantages. High-
quality images provide more accurate positioning for the
preoperative staging of colorectal cancer. This article attempts to
use colorectal cancer as a research sample to reconstruct its MR
images by improving and optimizing MR imaging technology (Fan
et al., 2017). Here, we will use the concept of deep learning to
improve MR technology through deep learning algorithms, and use
three different dictionary learning methods to reconstruct MR
images. Deep dictionary method based on convolutional neural

network can better process the structural details in the image to
produce clearer results when training the convolutional neural
network model.

(1) Reconstruction of magnetic resonance images using a parsing
dictionary

TV v( ) � ∫∫∇v x, y( )‖1dxdy � ∫∫ zv

zx

∣∣∣∣∣∣∣
∣∣∣∣∣∣∣ + zv

zy

∣∣∣∣∣∣∣∣
∣∣∣∣∣∣∣∣dxdy (6)

TV v( ) � ∫∫ ∇v x, y( )���� ����2
2
+ Φ2dxdy

� ∫∫ zv

zx
( )2

+ zv

zy
( )2

+Φ2dxdy (7)

The MRI image is optimized and solved using the norm of total
variation, as in formula (8)

min
x

Fux − y
���� ����22 + λTV x( )1 (8)

(2) Reconstruction of magnetic resonance images using a synthetic
dictionary

In contrast to the analytical dictionary’s quick and easy
computation approach, the synthetic dictionary can describe
more complicated images, has some adaptability, and can lessen
the noise and filtering issues that the analytical dictionary has
because of down sampling (Sibertinblanc et al., 2016). Here, we
focus primarily on introducing the sparse representation, dictionary
building, and synthetic dictionary reconstruction processes.

A transformation matrix created using the corresponding points
of the magnetic resonance signal is the so-called dictionary. The
magnetic resonance image’s sparse representation is

y � Dα (9)
The sparse coefficient is represented by a, while D is the

dictionary matrix.
Create a synthetic dictionary after that, using the formula for the

mathematical model (10)

TABLE 2 Comparison of MR staging and pathological T staging.

Pathological staging MR
staging

T1-2 T3 T4 Total

T1-2 19 25 11 55

T3 17 18 21 56

T4 5 15 15 35

Total 41 58 47 146

FIGURE 2
Comparison of MR staging and pathological T staging.
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min
D,X

Y −DX‖ ‖22, s, t,∀i, xi‖ ‖0 ≤T (10)

Split the model into a sparse representation problem of a single
sample, and get:

min
xi

yi −Dxi

���� ����22, s, t,∀i, xi‖ ‖0≤T (11)

(3) Deep dictionary-based magnetic resonance image
reconstruction

Convolutional neural network algorithms are combined in
this deep dictionary, which reconstructs MRI images by utilizing
the powerful flexibility and self-learning capabilities of ANNs.
We previously presented two strategies for learning dictionaries.
While the synthetic dictionary has some adaptability, its ability
to denoise and filter the image is superior. The analytical
dictionary is a fixed transformation that can only handle a
few simple image changes, and its sparse expressiveness is
weak. Strong, however the reconstructed image effect is

unsatisfactory when there is less image data (Park and Lee,
2017). So, we once more suggest a convolutional neural
network-based deep dictionary approach.

H R, b;Px, y( ) � 1
2
hr,b x( ) − y
���� ����2 (12)

which represents the cost function, represents the connection
parameters between the layers. Assuming a data set containing n
samples, the overall cost function is:

H W,b( )� 1
n
∑n

i�1H W,b;x i( ),y i( )( )( )+λ
2
∑nl−1

l�1 ∑sl+1
j�1 Wl

ji( )2
� 1

m
∑m

i�1
1
2
hw,b x i( ) −y i( )( )���� ����2( )[ ]+λ

2
∑nl−1

l�1 ∑sl

i�1∑sl+1
j�1 Wl

ji( )
(13)

The cost function is iterated by the dimensionality reduction
method, and then

Wl
ij � Wl

ij − α
z

zwl
ij

H W, b( ) (14)

bli � bli − α
z

zbli
H W, b( ) (15)

Among them, α represents the rate of learning.

3 Application experiment of MR
medical imaging in the intelligent
diagnosis of preoperative T staging of
colorectal cancer

3.1 General information collection

In order to specifically explore the application value of MR medical
imaging in the preoperative T-analysis intelligent diagnosis of colorectal
cancer, this article collected 150 colorectal cancer patients admitted to our
hospital from January 2019 to January 2020.All patientswere admitted to
the hospital. Routine examinations were performed without any
preoperative treatment. MR examinations were performed before the
operation. Patients who could not tolerate MR technical examinations
and surgical contraindications were excluded. Finally, 146 effective cases
were selected, including 86males and 60 females; age 38–73 years old, the
average age is 56 ± 2.45 years, and the average age of illness is 14 ±
3.56 years. The general information of the patient is shown in Table 1.

3.2 MR inspection method

After grouping every patient in accordance with the preoperative
T staging, they were subjected to preoperative MR technical

TABLE 3 Diagnostic coincidence rate, sensitivity, and specificity of MR staging.

Sensitivity Specificity Diagnosis coincidence rate p X2

T1-2 46.34% (19/41) 90.67% (68/75) 89.73% (131/146) 0.021 0.85

T3 31.03% (18/58) 92.1% (70/76) 95.89% (140/146) 0.025 0.83

T4 31.91% (15/47) 96.67% (87/90) 99.32% (145/146) 0.042 0.81

FIGURE 3
Sensitivity, specificity and diagnostic coincidence rate of MR
staging.

TABLE 4 Comparison of CT staging and pathological T staging results.

Pathological staging CT staging T1-2 T3 T4 Total

T1-2 14 18 9 41

T3 12 11 11 34

T4 10 8 5 23

Total 36 37 25 98
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examination to collect colorectal tumor cell images. The night before
the examination, all patients took bowel cleansing drugs and fasted
food and water. Use our own MRI scanner for operation, with 16-
channel body phased array coils. The parameters of the scanner are:
pulse sequence repetition time 2600–3400 ms, echo time 150 ms, field
of view 400 mm, the thickness is 5 mm, the layer spacing is 1 mm, the
matrix is 260 × 298, the number of excitations is 3, and the flip angle is
90°. First, the patients in each group were injected with 0.1 mmol/kg
gabapentin meglumine as a contrast agent by intravenous injection,
and kept advancing at a speed of 2 ml/s. MR scanning was performed
immediately after the injection was completed. At the same time, the
patient was instructed to keep breath-hold during the scan, first scan
at a uniform speed, and then strengthen the local scan until a complete
colorectal image is obtained.

3.3 Staging standards and observation
indicators

Stage T1-2: there are obvious gaps in the fat at the lesion of the
colorectal intestinal wall. Even the enhanced scan shows that the
outer edge of the intestinal wall is smooth and there is no sign of
nodules. T3: fat around the lesion on the intestinal wall. There are
sparse markings, and the muscle layer has been invaded to a certain
extent. When the scan is increased, the outer edge of the intestinal
wall is uneven, and nodules are slightly prominent; stage T4: there
are no gaps in the fat around the lesion of the intestinal wall and the
adjacent tissues and organs. The boundary is blurred during
enhanced scanning. The tumor has seriously invaded the
colorectal fascia and surrounding organs.

According to the results of MR examination, the degree of invasion
of each layer of the colorectal wall is evaluated, and the sensitivity,
specificity, and rate of diagnostic coincidence for each colorectal cancer
stage are assessed in comparison to the histological T staging.

3.4 Data processing

The data processing and analysis of this experiment used SPSS
22.0 statistical analysis software. The MR staging results of colorectal
cancer and the pathological T staging results were tested for variance
and chi-square, and the sensitivity, specificity and diagnostic

coincidence rate of MR staging were compared. Among them, p >
0.05 indicates no significant statistical difference, p < 0.05 indicates
significant statistical difference, p < 0.01 indicates extremely significant
statistical difference; Chi-square 1 indicates high degree of agreement,
2 indicates general agreement, 3 indicates a low degree of compliance.

4 Discussion of experimental results

4.1 Comparison of differences in general
patient information

According to the general data of colorectal cancer patients
collected in the third part, the general conditions of each group
of patients are counted, and the p-value and chi-square value of each
group of patients on gender, age and disease age are calculated, and
plotted as shown in Figure 1. The histogram to compare the
differences in the general conditions of patients in each group.

As can be seen from Figure 1, in the samples collected in T1-2, there
are 27 men and 14 women, with an average age of 51 years, and the
average age of patients is 42 years. In the samples collected in T3, there
are 34 men and 24 women, with an average age of 54 years, and the
average age of patients is 47 years. In T4, there are 27 men and
20 women, with an average age of 53 years, and the average age of
patients is 42 years. There was no significant difference in general
information among T1-2, T3 and T4 patients (p > 0.05). The age of
patients in each group is 50–60 years old, and the age of onset is about
10 years. The majority of men and women are men. Among the three
groups, the number of patients in T3 groupwas the largest, with 58 cases,
followed by T4 group with 47 cases, and T1-2 group with 41 cases.

4.2 Comparison of results between MR
staging and pathological T staging

To ascertain the sensitivity, specificity, and diagnostic
coincidence rate of MR staging, the patients’ preoperative T
staging was performed post-experimentally in accordance with
the findings of the MR scan. The results were then compared
with the pathological T staging performed prior to the
experiment.

(1) Comparison of results between MR staging and pathological T
staging

The results of MR staging and pathological T staging are
compared as shown in Table 2 and Figure 2.

Table 2 and Figure 2 show that the pathological T staging
detected and diagnosed by MR technology differs in certain ways
from the T staging (p < 0.05). According to the pathological T
staging, 146 patients were divided into T1-2 stages. 41 cases, 58 cases
in T3 stage, 47 cases in T4 stage, and after MR examination, the T
stage of the patients was 55 cases in T1-2 stage, 56 cases in T3 stage,
and 35 cases in T4 stage. This shows that the symptoms of
14 patients were overestimated, of which 12 were misestimated
as T4 stage, and 2 were misestimated as T3 stage. These results show
that the steps and contents of the study need to be more specific, so
this is only an individual case.

FIGURE 4
Comparison of CT staging and pathological T staging results.

Frontiers in Genetics frontiersin.org07

Wang et al. 10.3389/fgene.2023.1119990

82

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1119990


(2) Evaluation of the sensitivity, specificity, and diagnostic
coincidence rate of MR staging

The findings, which are shown in Table 3 and Figure 3, include
evaluations of the sensitivity, specificity, and rate of diagnostic
coincidence for MR staging as well as comparisons between
pathological T staging results and MR staging results.

In Table 3, in T1-2 phase, the sensitivity, specificity and
coincidence rate of MRI were 46.34%, 90.67% and 89.73%
respectively. In T3 phase, their sensitivity, specificity and
coincidence rate were 31.03%, 92.1% and 95.89% respectively. In
T4 phase, their sensitivity, specificity and coincidence rate were
31.91%, 96.67% and 99.32% respectively.

From Table 3 and Figure 3, it can be seen that the total diagnostic
coincidence rate of MR for preoperative T staging of colorectal cancer
patients is 89.73%, the sensitivity of each stage is 46.34%, 31.03% and
31.91%, and the specificity is 90.67%, 92.1% and 96.67%, p-values
were 0.021, 0.025, and 0.042, respectively, and the chi-square values
were all greater than 0.8, which indicates that the preoperative T
staging of MR and the pathological T staging have a higher degree of
agreement, and the agreement and consistency strong.

4.3 Comparison of results between CT
staging and pathological T staging

In order to further explore the application value of MR
technology in the intelligent diagnosis of colorectal cancer

preoperative T staging, and at the same time apply CT
technology to the preoperative T staging diagnosis of colorectal
cancer, compare the difference between CT staging and pathological
T staging, and it is compared with MR staging to analyze the
advantages of MR staging and CT staging. In addition,
98 patients with colorectal cancer admitted to our hospital were
selected. The T stages were 36 cases in T1-2 stage, 37 cases in
T3 stage, and 25 cases in T4 stage. According to the operation steps
of MR examination, these 98 patients were examined by CT, and
finally the CT staging was obtained, and the results were compared
with the pathological T staging, as shown in Table 4 and Figure 4.

Table 4 and Figure 4 demonstrate that there are several
differences between the T staging and the pathological T staging
detected and diagnosed by CT technology (p < 0.05). According to
the pathological T staging, 98 patients were divided into T1-2 stages.
There were 36 cases in T3 stage, 37 cases in T4 stage, 25 cases in
T4 stage. After CT examination, the T stage of patients was 41 cases
in T1-2 stage, 34 cases in T3 stage, and 23 cases in T4 stage. This
shows that the symptoms of five patients were overestimated, of
which 3 were overestimated as T3 stage, and 2 were overestimated as
T4 stage.

The p-value and chi-square value of the two were determined in
accordance with the distinction between CT staging and
pathological staging, and the sensitivity, specificity, and
diagnostic coincidence rate of CT staging were examined. Table 5
and Figure 5 present the findings.

Table 5 and Figure 5 show that the overall CT diagnostic
coincidence rate for colorectal cancer patients’ preoperative T
staging is 86.73%, the sensitivity of each stage is 33.33%, 21.62%
and 28%, and the specificity is 87.8%, 76.79% and 97.22%, the
p-values were 0.036, 0.026 and 0.038, and the chi-square values were
all less than 0.8. This shows that although the diagnosis of CT
staging and pathological T staging has a significant statistical
difference, the agreement is average. Compared with MR staging,
its agreement is slightly lower, which proves that MR technology is
useful for preoperative T staging of colorectal cancer.

4.4 Effect of optimization of MR technology
using various deep learning algorithms

According to the foregoing, among the existing clinical auxiliary
diagnostic imaging technologies, although many studies have shown
that MR technology is the most effective in auxiliary diagnostics, it
also has serious problems such as long scanning time and slow
acquisition of data and images. This article attempts to improve and
optimize its core steps based on the working principle of MR
technology. In order to improve the reconstruction of colorectal
cancer pictures obtained by MR, three distinct dictionary learning

TABLE 5 CT staging’s sensitivity, specificity, and rate of diagnostic concordance.

Sensitivity Specificity Diagnosis coincidence rate p X2

T1-2 33.33% (12/36) 87.8% (36/41) 86.73% (85/98) 0.036 0.75

T3 21.62% (8/37) 76.79% (43/56) 87.76% (86/98) 0.026 0.79

T4 28% (7/25) 97.22% (70/72) 91.84%90/98) 0.038 0.81

FIGURE 5
CT staging’s sensitivity, specificity, and diagnostic coincidence
rate.
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methods are proposed (The complete calculation procedure and
deduction steps refer to Section 2.3 of this article). In this section, we
will compare the differences in peak signal-to-noise ratio and
structural similarity of the reconstructed MR images produced by
three different dictionary learning algorithms, and identify the
algorithm that produces the best image reconstruction quality
and the quickest imaging speed.

(1) Results of analytic and synthetic dictionary optimization

To sample MR pictures, use analytical dictionary and
synthetic dictionary learning methods. Set the sampling rates
to 20%, 30%, 40%, and 50% depending on the desired sampling
rate. Under the same sample rate background, compare the two.
Different learning is used to determine the reconstructed image’s
peak signal-to-noise ratio and structural similarity. Table 6
display the statistical findings. Analytical dictionary is 32.25%
when sampling rates are 30%.

Table 6 shows that the peak signal-to-noise ratio and structural
similarity of the synthetic vocabulary are higher than the values of
the analytical dictionary under the same sampling rate,
demonstrating that the synthetic dictionary has a superior
influence on picture reconstruction.

(2) The optimization result of the deep dictionary

The deep dictionary algorithm we suggested is built on a
convolutional neural network, based on the aforementioned.
Sample training and testing are necessary depending on the
neural network’s properties. Select the first 200 MR images as the
training group, the last 100 as the test group, and 300 MR images as
the sample data. With 50, 100, 150, 200, 250, and 300 samples,
respectively, iterative training and testing are conducted. Each
sample interval is recorded. The results are displayed in Table 7
compare the peak-to-noise ratio and structural similarity of the

image. They also compare the difference between the p-value and the
chi-square value of each sample interval.

Table 7 show that when the sample size grows, the quantitative
evaluation value of the deep dictionary-reconstructed image rises,
showing a greater effect. The structural similarity also shows that the
deep dictionary-reconstructed image is superior to the prior image.
The two algorithms produce images that are more faithful to real
MR scans. The structural similarity value reaches 0.9967 when the
sample size is 300, which is significantly higher than the values
obtained by the first two techniques. The sample training results are
compatible with the test results (X2 > 0.8) and there is no statistically
significant difference between the sample intervals, as can be
observed from the p-value and Chi-square value (p > 0.05). As
can be observed, the MRI picture generated by the deep dictionary
approach based on the convolutional neural network has the best
quality and the fastest imaging speed of the three dictionary learning
methods.

5 Conclusion

Colorectal cancer is a malignant tumor disease that threatens
human health and quality of life, especially among middle-aged
and elderly people. Because its early symptoms are hidden and
difficult to detect, its death and disability rates are high.
Preoperative T staging of colorectal cancer is important for
creating a precise surgical treatment plan, which is important
for enhancing patient quality of life and increasing long-term
survival rates.

MR is a cutting-edge imaging technique used in clinical and
auxiliary medicine. In individuals with colorectal cancer, it is crucial
to examine the tumor’s location, its depth, and its connections to
other tissues. Compared to CT and conventional X-rays, it offers
additional benefits. Rectal cancer preoperative T staging offers
significant diagnostic significance.

TABLE 6 Effect of optimization of MR technology using various deep learning algorithms.

Learning algorithm 30% 40% 50% 60%

Analytic dictionary Peak signal to noise ratio(A) 32.25 36.29 38.47 41.56

Structural similarity(A) 0.8521 0.8735 0.9174 0.9387

Synthetic dictionary Peak signal to noise ratio(S) 33.54 37.55 41.45 44.67

Structural similarity(S) 0.8741 0.9145 0.9279 0.9536

TABLE 7 Optimization results based on deep dictionary.

50 100 150 200 250 300

Peak signal to noise ratio 34.47 34.47 36.55 41.89 42.38 45.54

Structural similarity 0.9118 0.9357 0.9472 0.9551 0.9678 0.9967

p-value 0.256 0.478 0.351 0.571 0.610 0.617

X2 0.897 0.880 0.857 0.872 0.810 0.835
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This study confirmed through experiments that MR has higher
sensitivity, specificity and consistency in the diagnosis of each stage
than CT. At the same time, it makes an algorithm based on
convolutional neural network and compares the performance
tests of analytic, synthetic, and deep dictionaries. A deeper
lexicon is better for optimizing MR and is better for enhancing
MR scanning and imaging speed. However, this article is not very
proficient in the clinical diagnosis and treatment of colorectal cancer
and needs further improvement. This is very helpful to increase the
early diagnosis rate and improve the quality of life of patients. The
inadequacy of the article is that it does not explain the situation of
patients in each T stage, and how to care for patients in each T stage.
The results of each stage are still not enough. I hope that we can
strengthen, guide and formulate treatment plans and evaluate the
prognosis in the future.
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Signaling pathway of targeting the
pancreas in the treatment of
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medicine big data evaluation
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Diabetes is a chronic noncommunicable disease, which is related to lifestyle,
environmental and other factors. The main disease of diabetes is the pancreas.
Inflammation, oxidative stress and other factors can interfere with the conduction
of various cell signaling pathways, thus inducing pancreatic tissue lesions and
diabetes. Precision medicine covers epidemiology, preventive medicine,
rehabilitation medicine and clinical medicine. On the basis of precision
medicine big data analysis, this paper takes pancreas as the target to analyze
the signal pathway of diabetes treatment. This paper analyzes from the five aspects
of the age structure of diabetes, the blood sugar control standard of type 2 elderly
diabetes mellitus, the changes in the number of diabetic patients, the ratio of
patients using pancreatic species and the changes in blood sugar using the
pancreas. The results of the study showed that targeted pancreatic therapy for
diabetes reduced the diabetic blood glucose rate by approximately 6.94%.

KEYWORDS

diabetes disease, pancreatic target, precisionmedicine big data, signal path, targeting the
pancreas

1 Introduction

The organic combination of precision medicine and big data technology is conducive to
the analysis and sharing of medical data, so as to better meet the needs of medical
development and lay a solid foundation for the development of related medical research.
Diabetes is an endocrine inflammatory disease. At present, the treatment presents the
characteristics of multiple pathways and multiple targets. The pancreas is an important
target for diabetes treatment. The application of precision medicine big data to the research
on the treatment of diabetes with the pancreas as the target is conducive to promoting the
progress of diabetes medicine.

The incidence of diabetes is getting higher and higher, and many scholars have studied it.
Bensellam M presented the identified molecular mechanisms involved in the
dedifferentiation of cells in the diabetic pancreas that produce and release the hormone
insulin. The roles and inhibitors of differentiation proteins were discussed and the emerging
role of non-coding RNAs (Ribonucleic Acid) was highlighted (Bensellam et al., 2018).
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Tuttolomondo A studied several factors that affect overall
cerebrovascular risk to varying degrees in people with diabetes.
Diabetes may lead to more insidious brain damage represented by
lacunar infarcts, which would increase the risk of dementia and lead
to a dramatic decline in cognitive function (Tuttolomondo, 2018).
Hu C believed that the decreased ability of insulin to promote the
processing and storage of glucose in muscle is due to impaired
activation of glycogen synthase. Decreased glucose storage may
occur due to decreased glucose uptake, and safety has been
cognitively impaired secondary (Hu and Jia, 2018). In the
Cardiovascular Health Study, Cho N H assessed the relationship
between patients with subclinical cardiovascular disease, patients
with diabetes and impaired glucose tolerance and normal subjects
and the risk of clinical vascular disease (Cho et al., 2018). Liu believed
the prevalence of diabetic lesions is high, and these complications are
often associated with poor medication adherence and uncontrolled
diabetes. The aim of the study was to determine medication adherence
in patients with uncontrolled diabetes and to compare characteristics
and identified barriers between patients with good and poor adherence
to medication (Liu et al., 2018). Lane W mentioned that people with
diabetes are prone to foot ulcers. If these ulcers do not heal, the patient
may also undergo foot amputation, with diabetes preventing
postoperative wound healing (Lane et al., 2017). Feig D S
investigated whether microalbuminuria predicts later development
of increased proteinuria and early mortality in patients with type
2 diabetes. Morning urine samples from diabetes clinic patients
aged 50–75 years were examined by radioimmunoassay (Feig et al.,
2018). Although there are many studies on the theory of diabetes,
further research is needed on the treatment of diabetes.

The pancreas-targeted treatment of diabetes is widely used in
medicine. Research by Marathe P H demonstrated that permanent
neonatal diabetes may be caused by a complete lack of glucokinase

activity. It reported three new cases of glucokinase-related permanent
neonatal diabetes. Autosomal recessive inheritance and enzyme
deficiencies are typical features of inborn errors of metabolism that
occur in the glucose-insulin signaling pathway in these subjects
(Marathe et al., 2017). Ogurtsova K explored the etiology of
diabetes-related cognitive decline. The etiology involves insulin
receptor downregulation, neuronal apoptosis, and glutamatergic
neurotransmission (Ogurtsova et al., 2017). Bragg F studied the role
of signal transduction and transcriptional activator protein signaling
pathway in autoimmune diabetes (Bragg et al., 2017). Rowan J A
provided a new strategy for diabetes prevention and treatment by
studying the vascular endothelial cell nuclear factor signaling pathway
in diabetes (Rowan et al., 2018). Wang Q mentioned that diabetes
impairs the mobilization of hematopoietic stem cells from the bone
marrow, thereby worsening the outcome of hematopoietic stem and
progenitor cell transplantation and diabetic complications (Wang et al.,
2017). Willeit explored the potential effects of curcumin on
cardiomyocyte hypertrophy, possible mechanisms of nuclear
transcription factor signaling in diabetes, hyperglycemia- and
insulin-induced cardiomyocyte hypertrophy, and antihypertrophic
effects of curcumin in primary culture (Willeit et al., 2017).
Chamberlain JJ mentioned that insulin acutely controls metabolism
in adipocytes, but also nuclear transcription via proline-directed serine/
threonine kinase-mediated “mitotic” signaling (Chamberlain et al.,
2017). Although pancreas-targeted therapy for diabetes is widely
used in medicine, there are still problems in its application.

By combining computer technology with medicine, new
knowledge can be discovered and new modalities of diagnosis
and treatment can be created. There have been many research
reports on diabetes signaling pathways. This article took
pancreatic islets as the target, and systematically discussed the
related signaling pathways. At the same time, through the use of

FIGURE 1
Big data applications in precision medicine.
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precision medicine big data analysis, some complex information was
processed, so as to realize the diagnosis and prediction of diabetes.

2 Concepts related to precision
medicine big data, diabetes and
pancreas

2.1 Precision medicine big data

Precision medicine is an upgraded version of personalized
medicine. According to the biological characteristics of patients,

especially the data of genomics, and through modern technology, it
provides accurate prevention, diagnosis and treatment for the clinic.
It can not only improve the treatment effect, but also prevent
inappropriate treatment, excessive treatment, waste of resources
and other phenomena, and save medical expenses (Riddell et al.,
2017). The implementation of precision medicine is based on the
development of gene sequence detection technology, and on the
basis of network and big data technology. This technology is able to
treat patients with minimal medical damage and minimal medical
costs, and it not only restores their physical functions, but also
ensures their mental health. The big data application of precision
medicine is shown in Figure 1.

FIGURE 2
Diagnosis of diabetes.

FIGURE 3
Pancreatic tissue as a target for the treatment of diabetes-related signaling pathways.
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2.1.1 Medical information system
In fact, medical information systems did not appear in recent

years, but because of the complexity of medical services and the
small coverage of medical information systems, they have not been
widely used. There is a large amount of different medical data in
different institutions, systems or databases. The challenge is how to
integrate these data in an orderly manner without violating existing
laws, regulations, and ethics; and how to conduct automatic
computer analysis and mining without violating existing laws,
regulations, and ethics. The construction and application of a
high-quality medical information system is still an important
prerequisite for the production of big data, and it is also an area
where companies in the industry invest the most.

2.1.2 Clinical auxiliary decision-making system
Big data is not to replace experienced doctors, but to allow more

doctors to make high-quality judgments before they have enough
experience, which is also an important role of precision medicine.
This technology can help doctors diagnose and treat patients’
illnesses by analyzing various medical data such as patients’
medical records, test results, medical images, etc.

2.1.3 Data storage and processing system
The development of the big data industry is inseparable from the

support of infrastructure, and many companies have developed their
own storage and processing platforms. However, the mainstream
applications of software services are still on basic communication
software such as cloud mailboxes and communication platforms.
More software services in the medical field are also needed to
improve the research and develop efficiency of pharmaceutical
companies and strengthen the management of patients and
clinical data by physicians.

2.1.4 Health information management system
At present, many health management systems have emerged in

mobile health management, such as diabetes management, sleep
quality management, and intestinal health management. In fact,
they all rely on a large number of data processing and high-quality
sensors to realize real-time monitoring of data, but many systems

have no way to intervene in time when dealing with exceptions.
However, big data is like a chicken-and-egg process. In the face of
massive data, the correlation would gradually become prominent,
and corresponding auxiliary decision-making would emerge. Big
data technology can provide a health information management
platform with information collection, analysis and processing
functions by collecting various medical data files of patients in
medical institutions and sharing various medical data through
network technology.

2.2 Diabetes

Diabetes is a metabolic disease characterized by hyperglycemia.
Hyperglycemia is caused by insufficient secretion of insulin and its
biological function is impaired (Johal et al., 2017). Diagnosing
diabetes is generally not difficult. The diagnosis can be made if
the fasting blood glucose is greater than or equal to 7.0 mmol/L, or
greater than or equal to 11.1 mmol/L within 2 h after a meal. The
diagnosis is divided into type 1 and type 2 diabetes. The differential
diagnosis of diabetes is shown in Figure 2.

2.2.1 Liver disease
Patients with liver cirrhosis usually have abnormal glucose

metabolism, which is usually fasting or hypoglycemia, and the
blood sugar would rise rapidly after meals. Patients with
prolonged illness, fasting blood sugar would also increase.

2.2.2 Chronic renal insufficiency
There would be a slight abnormal glucose metabolism. Patients

need to use some medications under the guidance of medical
professionals to protect the kidney and repair the glucose
metabolism function.

2.2.3 Stressed state
Under stressful conditions, such as heart, cerebrovascular

accident, acute infection, trauma, etc., blood sugar would be
excessively increased, and it would return to normal within
1–2 weeks after the stress factor disappears (Sorli et al., 2017).

FIGURE 4
Age structure of diabetes.

FIGURE 5
Number of people with diabetes.
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2.2.4 Various endocrine diseases
Glucagonoma is a secondary cause of diabetes mellitus and has

other characteristics besides hyperglycemia.

2.3 Concepts related to pancreas

In the upper abdomen of the human body, there is a small organ
that is difficult to find, and that is the pancreas. Although the
pancreas is small, it is very powerful and is one of the most
important parts of the human body. The pancreas is a gland
with endocrine and endocrine functions, and its physiological
function and pathological changes are closely related to human
health.

The pancreas is located retroperitoneally. In terms of secretion,
although the pancreas is small, it containsmany endocrine cells. These
cells are also adjusting the physiological functions of the body during
the process of digestion and absorption. If these cells change and
secrete too much or too little, disease can result (Mario et al., 2017).
The pancreas produces various digestive enzymes and insulin in the
body to help the body break down proteins and other substances and
lower blood sugar. Pancreatic juice is an exocrine substance that
mainly includes alkaline bicarbonate and various digestive enzymes.

3 Pancreatic tissue as a target to treat
diabetes signaling pathway

Diabetes is an endocrine inflammatory disease, and its clinical
manifestations are multi-channel and multi-target regulation. The
pancreas is the main lesion of diabetes, and it is also an important
target for the treatment of diabetes. Its main functions are to
promote the synthesis of hepatic glycogen and myoglycogen, the
absorption and activation of glucose, and the inhibition of sugar
xenobiogenesis. Figure 3 shows the relevant signaling pathways
targeting pancreatic tissue.

3.1 Promotion of insulin secretion

3.1.1 Calcium atom channels and ATP-sensitive
potassium channels

The cells in the pancreas that produce and release the hormone
insulin are endocrine cells with electrical excitation. Its secretion is
mainly due to an increase in intracellular calcium concentration,
which allows it to produce insulin. L-type calcium channels are the
main channel for glucose-induced insulin. Its variation may cause
type 2 diabetes, and the state of energy metabolism in the body also
affects the electrical activity of sensitive potassium channels. Under

physiological conditions, glucose enters the pancreas to produce
energy from cellular metabolism that produces and releases the
hormone insulin. Adenosine triphosphate closes sensitive potassium
channels in the cell membrane, opening calcium channels in the cell,
thereby activating cells in the pancreas that produce and release the
hormone insulin to secrete insulin (Kiran et al., 2017). Therefore,
calcium channels and sensitive potassium channels may be effective
drug targets for type 2 diabetes.

3.1.2 β-cell GLP-1 receptor signaling pathway
Glucagon-like peptide-1 (GLP-1) is a glucose concentration-

based polypeptide hormone. It can regulate the gene expression,
synthesis and secretion of cells in the pancreas that produce and
release the hormone insulin, and can promote insulin secretion and
inhibit insulin cell apoptosis. GLP-1 receptors are mainly distributed
in the pancreas. After GLP-1 binds to its receptor, it can activate
adenylate cyclase, thereby increasing intracellular cyclic adenylate
and activating downstream protein kinases. GLP-1 activates the
calcium atom signaling pathway through the acidity coefficient
and cyclic adenylate binding protein pathway to promote the
release of insulin.

3.2 Improvement of insulin signaling
pathway in pancreatic islet cells by reducing
glucagon secretion

Glucagon is a polypeptide hormone produced by pancreatic islet
cells, and its abnormal secretion and metabolism may be related to
the pathogenesis of type 2 diabetes. Under physiological conditions,
cells in the pancreas that produce and release the hormone insulin
block alpha cell glucagon production by paracrine (Arnold et al.,
2018). The insulin receptor substrate, phosphatidylinositol kinase, is
also expressed on cells, and insulin inhibits the gene expression of
glucagon in islet cells through signal channels. In conclusion, the
improvement of insulin resistance and the reduction of glucagon
production is a new therapeutic approach.

3.3 Anti-islet beta cell apoptosis

The MAPK (mitogen-activated protein kinase signaling)
pathway has a role in regulating cell growth, differentiation and
apoptosis in mammalian cells. Different MAPK signaling pathways
can be utilized by different extracellular stimuli, and their regulation
can modulate various cellular responses. Stress-activated protein
kinases and cell signaling cascades have important roles in cellular
stress and cellular inflammatory factors. The results show that
streptosporin can inhibit the occurrence of type 1 diabetes and

TABLE 1 Glycemic control criteria for type 2 diabetes in the elderly.

Health status Reasonable saccharification (%) Fasting or preprandial blood glucose (oI/L) Blood sugar before bed (I/L)

healthy <7.5 5.0–7.2 5.0–8.3

moderate health <8.0 5.0–8.3 5.6–10.0

poor health <8.5 5.6–10.0 6.1–11.1
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reduce the phosphorylation level of its kinase, thereby reducing its
upstream kinase activity.

4 Algorithm of diabetes under the
precision medicine big data evaluation
system

4.1 Diabetes risk input expression

The diabetes risk input expression is a model that combines the
user’s risk index data (including past and present data). Since a
patient has multiple medical records, multiple medical records
appear in the same user’s medical records. Therefore, it is
necessary to comprehensively consider the weight of each
medical record, that is, the importance of the sub-medical record.

Definition 1: collection of risk indicators
It is assumed that user Gi has lb sub-records (with time stamps),

then all sub-records of Qi can form a set of risk indicators, and the
formula is:

Qi � 〈kab, fab〉{ }b∈ 1,2,...,lb{ } (1)

Among them, kab is the time, and fab is the feature vector of
each index component; the entire data set can be represented as
Q � Qi{ }a∈ 1,2,...,n{ }, and n is the number of patients.

For the b-th record kab, fab in Qi, its decay weight formula is:

Ph b( ) � e−∞b/∑l−1
k�0

e−∞k (2)

Among them, ∞ is the adjustment weight range, and l is the
time span.

Definition 2: risk input expression
The weighted average of each inspection record of 1 Gi based on

the decay weight can be extracted as an input expression, which is
the risk input expression:

xa � ∑la
b�1
Ph la − b( )fab (3)

It can be obtained that the risk index set 〈kab, fab〉{ }b∈ 1,2,...,la{ } of
user Gi can be normalized in the form of a matrix into the form of
vector xa, which can be used as the standard input of the calculation
model.

The model is based on the support vector machine algorithm.
Parameter r, g represent function f(x), and its calculation
method:

f x( ) � rt + g (4)
In the hyperplane, all the diabetes sample spaces are divided into

two groups: one with diabetes and one without diabetes. Through
mathematical transformation, it is the solution target:

min
r,g,ζ

� 1
2
rTr + C∑m

k�1
ζk (5)

ya rTϕ xa( ) + g( )≥ 1, a � 1, . . . , m (6)
m is the number of training samples, and ya is the class label.

Definition 3: diabetes index
The Diabetes Risk Index (DI) represents the risk of

developing diabetes and has a value in the range [0,1]. The
corresponding DI value can be obtained by probabilistic
correction of the value of the judgment function. Probabilistic
calibration is performed:

R y � 1 x|( ) � 1/ 1 + exp Sd x( ) + F( )( ) (7)
Among them, S, F are conversion parameters.
DI is calculated as:

DI x( ) � R y � 1 x|( ) (8)

4.2 Diabetes risk model based on genetic
factors

The inheritance of diabetes is determined by the relatedness of
family members, so a suitable indicator should be used to measure
the genetic association of two people.

FIGURE 6
The proportion of patients using insulin type.

FIGURE 7
Blood glucose changes using the pancreas.
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4.2.1 Genetic coefficient
In kinship, the blood of the child is inherited from the parents, so the

genetic factor between the parent and the child is 1/2. Since the genetic
factors represented by each side are all 1/2, the calculation formula of the
genetic factors of the direct genetic relationship can be obtained:

k X, Y( ) � 1/2( )M (9)
Through the calculation of the direct genetic relationship, the

paragenetic genetic factors can be obtained. First, it is necessary to
find out the most recent common ancestorsN1 andN2 of members
X and Y, and calculate the genetic coefficients of X,Y and each
ancestor separately. After that, the sum is done to get the heritability
coefficients of X and Y:

k X, Y( ) � ∑2
i�1
k X,N( )k Y,N( ) (10)

In Formula (10), n is the total number of diabetes-positive family
members of user R.

4.2.2 Dynamic blood glucose expression
Ambulatory blood glucose sequence g � (g1, g2, . . .gn)

represents a time series of blood glucose values. The data y(h) at
time h can be predicted from the blood glucose value at time
h − 1, h − 2, . . . h − n, and there is a complex non-linear
relationship f(·) between them, which is expressed by Formula (12):

y h( ) � f y h − 1( ), y h − 2( )( ), . . . , y h − n( ) (12)
It is assumed that the number of visible units and hidden units

are m and n, respectively, then z � (z1, z2, . . . zm), and
x � (x1, x2, . . .xn). b represents the bias of the visible layer, and
c represents the bias of the hidden layer. The energy equation of the
model is:

W z, x θ|( ) � −bzT − cxT − vwxT (13)
It is expressed in components as:

W z, x θ|( ) � −∑m
i�1
bizi −∑n

i�1
cjxj −∑n

j�1
∑m
i�1
ziWijxj (14)

The formula for calculating the joint probability distribution of
the visible layer and the hidden layer is:

T z, x θ|( ) � 1
B θ( )e

−w z,x θ|( ) (15)

B θ( ) � ∑
z,x

e−w z,x θ|( ) (16)

The marginal probability distribution of ambulatory blood
glucose sequence z to x is:

T z θ|( ) � 1
B θ( )∑xe−w z,x θ|( ) (17)

When the visible layer unit state is given, the activation
probability of the xi-th hidden layer unit zi is solved as:

T xi, zi, θ|( ) � sigm bj +∑m
i�1
xiWij

⎛⎝ ⎞⎠ (18)

Since cells are bidirectional, visible cells can be activated through
hidden cells. The calculation method of the activation probability of
the i-th visible unit zi is:

T zi, x, θ|( ) � sigm cj +∑m
i�1
Wijxi

⎛⎝ ⎞⎠ (19)

By experimenting with predictive models and evaluating them
predictively, the formula for calculating the root mean square
error is:

RMSE �
∑n

a�1 xa − x̂a( )2
n

√
(20)

In Formula (20), xa is the predicted value of the a-th model; x̂a is
the actual value of the a-th model, and n is the capacity of the
sample set.

5 Experimental exploration of the
pancreas as the target for the treatment
of diabetes under the precision
medicine big data evaluation system

5.1 Experimental method

Under the precision medicine big data analysis system, this
paper studied the signaling pathway of treating diabetes by targeting
the pancreas. City A was selected as the research object, and the
research was carried out from five aspects: the age structure of
diabetes mellitus in 2015–2018, the blood sugar control standard of
type 2 diabetes in the elderly, the change in the number of diabetic
patients, the proportion of patients using pancreatic types, and the
proportion of patients using pancreatic types.

5.2 Experimental analysis

5.2.1 Age structure of diabetes
The probability of disease in each age stage is different, and the

age structure of diabetic patients in city A was investigated. The
results are shown in Figure 4.

In the age structure of diabetes shown in Figure 4, the higher the
female age, the greater the probability of developing diabetes. Men
were more likely to develop diabetes at the age of 60–69, and there
were more patients with diabetes over the age of 50. It can be seen
that age is closely related to the occurrence of diabetes.

5.2.2 The blood sugar control standard of type
2 elderly diabetes mellitus

Older people often experience symptoms of hypoglycemia. In
addition, elderly diabetic patients are prone to arteriosclerosis and
cardiovascular disease. Hypoglycemia can lead to complications
such as cerebral infarction and myocardial infarction. The blood
sugar control standards for type 2 elderly diabetes mellitus are
shown in Table 1.

For elderly diabetic patients, the efficacy and risk should be
comprehensively considered, and the main purpose is to improve
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their quality of life. In addition, personalized blood glucose
control indicators should be developed to improve the health
of the elderly.

5.2.3 Changes in the number of diabetic patients
Changes in the number of diabetic patients as the research

subject, the number of diabetic patients in city A was investigated
from 2015 to 2018. The specific results are shown in Figure 5.

Among the changes in the number of diabetic patients shown in
Figure 5, the ratio of the number of diabetic patients showed an
upward trend from 2015 to 2018. Among them, the proportion of
diabetic patients in 2015 was about 28.76%; in 2018, the proportion
of diabetic patients was about 37.57%, with an increase of 8.81%. It
can be seen that in life, people should maintain a good diet and
routine, and exercise regularly. With regular checkups, people can
reduce the chances of developing diabetes.

5.2.4 Ratio of patients using pancreatic species
The main body of the investigation was the proportion of

patients using pancreatic types in area A, and studies were
carried out from long-acting, quick-acting, premixed, short-
acting, and intermediate-acting. The results are shown in Figure 6.

In the proportion of patients using pancreatic types shown in
Figure 6, more patients used pancreatic long-acting, fast-acting and
premixed, and about 34.58% used long-acting patients; there was
about 29.42% of the patients used quick-acting, and 23.25% of the
patients used premix. The number of patients using pancreatic
short-acting and intermediate-acting was relatively small; the
number of patients using short-acting was about 7.21%, and the
number of patients using intermediate-acting was about 5.54%.

5.2.5 Changes in blood sugar using the pancreas
The pancreas affects glucose metabolism in the human body and

plays an important role in diabetes. Figure 7 shows the results of the
research content of the pancreas-targeted treatment of diabetic
blood sugar changes.

In the pancreas-targeted treatment of diabetes shown in
Figure 7, blood glucose rates continued to decline from 2015 to
2018. In 2015, the blood sugar rate of pancreas-targeted treatment of
diabetes was about 40.75%; in 2018, the blood sugar rate of
pancreatic-targeted treatment of diabetes was about 33.81%, with
a decrease of 6.94%. It can be seen that the pancreas would secrete
insulin, which can regulate the level of glucose in the blood and
brings blood sugar back to normal.

6 Conclusion

Through the analysis and sharing of precision medicine big data,
it would help the development of current medical technology and
improve the level of medical treatment. This paper systematically
discussed the diabetes signaling pathway targeting the pancreas,
which has certain reference value for guiding the development of
new drugs and the use of a variety of clinical drugs. The pancreas is
mainly used to treat diabetes, and its main function is to stimulate
pancreatic secretion and inhibit the release of glucagon. Apoptosis of
the pancreas is an important factor affecting the amount of insulin
secreted, and apoptosis of the pancreas is related to many signaling
pathways. Therefore, the signal pathway related to diabetes explored
from the perspective of the pancreas has a certain guiding effect on
the development and clinical treatment of new drugs for diabetes.
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Relationship between early lung
adenocarcinoma and multiple
driving genes based on artificial
intelligence medical images of
pulmonary nodules
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Lung adenocarcinoma is one of the most common cancers in the world, and
accurate diagnosis of lung nodules is an important factor in reducing its mortality.
In the diagnosis of pulmonary nodules, artificial intelligence (AI) assisted diagnosis
technology has been rapidly developed, so testing its effectiveness is conducive to
promoting its important role in clinical practice. This paper introduces the
background of early lung adenocarcinoma and lung nodule AI medical
imaging, and then makes academic research on early lung adenocarcinoma
and AI medical imaging, and finally summarizes the biological information. In
the experimental part, the relationship analysis of 4 driver genes in group X and
group Y showed that there were more abnormal invasive lung adenocarcinoma
genes, and the maximum uptake value and uptake function of metabolic value
were also higher. However, there was no significant correlation between
mutations in the four driver genes and metabolic values, and the average
accuracy of AI-based medical images was 3.88% higher than that of traditional
images.

KEYWORDS

early lung adenocarcinoma, lung nodules, artificial intelligence, biological information
discipline, medical, driver genes

1 Introduction

With the development of the staging of early lung adenocarcinoma, the detection rate of
gene abnormalities increases, which plays an important role in the early occurrence of
nodular lung adenocarcinoma. In recent years, with people’s understanding of health and the
continuous progress of medical imaging technology, the detection rate of pulmonary nodules
is increasing every year. The previous research on the treatment, efficacy and prognosis of
lung cancer is of great significance. At the same time, using a variety of biological
information technology, it is found that the related genes related to the pathogenesis
and prognosis of lung adenocarcinoma, which laid a foundation for the study of the
molecular mechanism of lung adenocarcinoma.

Many scholars have studied the relationship between lung adenocarcinoma and
multiple driving genes. Aisner Dara L believed that polygene analysis was a
conventional treatment for patients with advanced lung adenocarcinoma. Lung cancer
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variant tissue is a multi-sectoral study aimed at finding and
treating cancer predisposing factors of lung cancer patients
(Aisner et al., 2018). Chuang Chen-Hua, through the
combination of human lung adenocarcinoma with mouse tumor
barcode and unbiased gene analysis technology, found a
transcription process that could enable patients to obtain
metastasis and predict patient survival (Chuang et al., 2017).
Chen Jianbin obtained that the genome of East Asian LUAD
(lung adenocarcinoma) was more stable than that of European
LUAD through research. Its characteristic was that the variation
was small and the number of copies changes little (Chen et al.,
2020). Gillette Michael A believed that proteome data set provided
a unique shared resource for researchers and clinicians to find
better understanding and treatment of lung adenocarcinoma
(Gillette et al., 2020). Jamal-Hanjani Mariam believed that the
tumor internal heterogeneity caused by chromosome instability
was related to the increased risk of recurrence and death, which
indicated that chromosome instability might be a prognostic factor
(Jamal-Hanjani et al., 2017). Faruki Hawazin analyzed the
molecular expression of lung AD (Alveolar Duct) and SCC
(Squamous Cell Carcinoma), showing important and repeatable
differences. Evaluation of tumor expression subtypes is a possible
biomarker of immunotherapy (Faruki et al., 2017). Lindeman Neal
I discussed the molecular analysis of lung cancer as a standard for
treatment decisions of targeted inhibitors. New research led to the
evaluation of alternative analysis techniques, target genes, patient
populations and tumor types (Lindeman et al., 2018). The above
research has achieved good results. However, with the continuous
updating of technology, there are still some problems.

AI medical images are widely used in the treatment process.
Pesapane Filippo used the radio diagnostic model to summarize AI
science in the forensic field (Pesapane et al., 2018). Kaissis Georgios
introduced a privacy based medical image analysis technology,
which was an open-source software architecture that could
perform joint learning and cryptographic reasoning under
different private and secure aggregations (Kaissis et al., 2021).
Alexander Alan believed that AI greatly changed the medical
imaging market, thereby changing the working mode of imaging
physicians, and helped imaging physicians speed up scanning to
make more accurate diagnosis so as to reduce the workload
(Alexander et al., 2020). Lee Cecilia S believed that although AI
had made great progress, there were still some problems in its use in
medical imaging due to the work pressure and limitations of experts’
labels (Lee et al., 2019). Allen Jr Bibb analyzed that in the field of
medical imaging, the development of machine learning technology
had been rapidly developed in academic and industrial laboratories.
The main AI tools in diagnosis imaging include disease detection
and classification, image optimization, radiation reduction and
workflow improvement (Allen et al., 2019). Arabi Hossein briefly
introduced the application of AI technology in molecular imaging,
radiotherapy and other fields in recent years, especially in depth
learning. The application of AI was discussed from five aspects: PET
(polyethylene terephthalate) instrument design, PET image
quantization and segmentation, image denoising, radiation
dosimetry, computer aided diagnosis and prediction (Arabi and
Zaidi, 2020). Nakata Norio analyzed the latest computer vision
research report and selected potential clinical applications from the
perspective of radiologists, such as generating confrontation

networks, knowledge extraction and general image data to guide
learning (Nakata, 2019). The above research shows that the
application of AI medical imaging has a positive effect, but there
are still some problems.

In this paper, the relationship between AI technology and
various driving genes in lung tumors on lung nodules was
discussed. First, the role of AI technology in early lung
adenocarcinoma of lung nodules was analyzed and simulated.
This article also introduced the application of bioinformatics
technology to study the factors affecting the occurrence,
development, and prognosis of lung adenocarcinoma, and
preliminarily discussed its role.

2 The study design of the relationship
between early lung adenocarcinoma
and multiple driver genes based on
medical images of lung nodules

Due to the application of high-resolution computed tomography
and the early detection of small pulmonary nodules, lung cancer has
become the most common pathological type. Since EGFR gene
mutation, targeted therapy has greatly improved the survival rate
of lung cancer, especially breast cancer, and accurate molecular
phenotype is a prerequisite for tumor treatment. CT examination is
the main examination method of lung adenocarcinoma. The
relationship between CT images and the expression level of
control genes has certain reference value for the diagnosis and
treatment of lung adenocarcinoma.

Study design: the factors related to artificial intelligence
medical imaging are introduced to provide a theoretical basis
for the following experiments; Then, we analyzed the
application of artificial intelligence medical imaging in the early
stage of lung adenocarcinoma of lung nodules, further discussed
how to use medical imaging to assist the treatment of lung
adenocarcinoma, and finally, combined with the materials
described above, we made an empirical study on the
relationship between early stage of lung adenocarcinoma of lung
nodules and multiple driving genes.

3 Overview of experimental materials
and methods for clinical application of
early lung adenocarcinoma

(1) General materials

A total of 50 patients with lung adenocarcinoma were selected
as the study object, from Changzhou Second People’s Hospital.
Among the 50 patients with lung nodules, 31 were male and
19 were female, aged 47–73 years with an average age of
60 years (60 ± 7.51).

A total of 50 patients with lung adenocarcinoma were selected as
the study subjects, including 31 men of the 50 patients with
pulmonary nodules, 19 women, aged 47–73 years and with a
mean age of 60 years (60 ± 7.51), as shown in Table 1.

(2) Treatment
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1) The preoperative computed tomography (CT) scanning results
of the patient were collected. The images were retrieved from the
image library, and the CT scanning results were analyzed by
several senior radiologists.

2) The original HE (hematoxylin eosin) in 50 pathological
specimens were sectioned for pathological diagnosis and
differentiation. Two pathologists with more than the
qualification of attending should perform blind examination,
and the inconsistent samples were discussed again and agreed.

3.1 The ethics committee statement

The data samples studied in this experiment are analyzed from
relevant studies in this field. Animals or humans were not used as
experimental subjects to promote progress in the medical field and
to obtain written informed consent from the patients.

(3) Observations

It is better to have no artifact in the image, and it is better to
have a small amount of artifact in the image of the tip, lung base
and other parts. However, it has not any impact on the diagnostic
results. The obvious artifact in the image is poor. At the same time,
it also affects the internal structure and shape of the patient’s
pulmonary nodules, thus making the diagnosis wrong. The results
of CT examination and pathological examination of the two
groups were compared and the diagnostic coincidence rate of
the two groups was compared.

(4) Statistical methods

In this study, SPSS18.0 statistical software was used to process
the data and average x test was used to make statistics. p <
0.05 indicates that there is a significant difference between the
two groups.

4 Results of early lung adenocarcinoma
with multiple driver genes

4.1 Factors related to artificial intelligence
medical imaging

(1) The significance of AI application in medical imaging

This paper summarizes the significance of three-point AI in
medical imaging, as shown in Figure 1.

TABLE 1 Classification of patients with lung adenocarcinoma.

Patients with pulmonary
nodules

Male Female
sex

Average
age

Number of people 31 19 60 ±
7.51 years old

Proportion 62% 38% 100

FIGURE 1
Significance of AI application to medical imaging.

Frontiers in Genetics frontiersin.org03

Yin et al. 10.3389/fgene.2023.1142795

98

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1142795


1) Intelligent classification

AI is applicable to the type of intelligent detection. First, AI is
more suitable for intelligent detection when the positive rate is low.
Second, AI technology is more suitable for intelligent detection
when the proportion of positive area data is low. Third, if the case
image does not require too much professional knowledge, it is more
suitable for AI intelligent recognition such as pulmonary nodules in
physical examination. Therefore, AI technology used for intelligent
classification detection can save a lot of negative case data, which can
effectively reduce the work efficiency of medical personnel and
reduce the waste of medical resources (Kim and Chung, 2020;
Chiappelli and Penhaskashi, 2022).

2) Substitute part of the work

AI technology can replace part of the work of staff. This
work can be divided into: First, if conditions are simple, it is
more suitable to use AI technology to replace doctors’ work,
such as robot guidance. Second, if the structure of medical
knowledge required by patients is relatively simple, then AI
technology can be used to replace the work of doctors, such as AI
doctors. Intelligent doctors can read patients’ medical records
and automatically output high-quality diagnostic results based
on patients’ chief complaints, symptoms, medical history,
medical images and other data. Third, when the data
structure of image analysis is relatively complex, AI can be
used to replace the work of some doctors, such as intelligent
diagnosis of medical images.

3) Assisting doctors in diagnosis

AI technology can improve doctors’ abilities, such as auxiliary
medical imaging diagnosis system. AI technology can also enhance
doctors’ ears, such as intelligent medical assistants. AI technology
can still enhance doctors’ brains, such as AI driven doctor assistance
system (Sankaranarayanan et al., 2022).

(2) Application strategy of AI in medical image analysis

This paper summarizes the application strategy of three-point
AI in medical image analysis, as shown in Figure 2.

1) Intelligent film reading

AI pattern recognition can be used to predict pathological
changes in medical images and help doctors identify
pathological changes and improve work efficiency (Sydorova
et al., 2022). Professional imaging doctors need to spend about
10 min to review the CT images of pulmonary nodules. However,
AI technology is more efficient, which can quickly identify and
mark small nodules. It greatly reduces the doctor’s inspection
time and helps doctors make a diagnosis. In addition, the
medical imaging system based on AI technology can also use
the powerful learning ability of AI technology to carry out
intelligent film reading and learning, so as to continuously
improve the accuracy of lesion recognition. This helps
doctors allocate time reasonably to better assist doctors in
reading films and diagnosis.

2) Intelligent radiotherapy

At present, radiotherapy is an important method to treat cancer.
Under traditional medical conditions, radiotherapy doctors are the
main body of radiotherapy (Wang et al., 2022). However, due to the
scarcity of radiologists, patients have to go to large hospitals.
Radiotherapists need to mark the lesion manually during
radiotherapy, which usually takes several hours in a conventional
medical environment. With the help of AI, the lesion can be marked,
which only needs to be confirmed by the radiation therapist, thus
greatly improving the work efficiency.

3) Intelligent analysis

The number of pathologists in China is small. Pathologists not
only spend a lot of time tomake cell tissue sections, but also find small
cancer cells inmedical records containing billions of pixels. Therefore,
even experienced case physicians makes mistakes. With the help of
AI, the accuracy and efficiency of diagnosis can be greatly improved
through intelligent analysis. Of course, it cannot be judged solely by
AI, but also through pathological examination to avoid misdiagnosis.

4.2 Application of artificial Intelligence
medical imaging in early lung
adenocarcinoma of pulmonary nodules

(1) Application of imaging histology in lung cancer

Some scholars have studied that the appearance of surface image
group can reflect the heterogeneity of tumors. Tumor type, T stage,
gene expression pattern and prognosis are significantly related.
Therefore, histologic imaging technology has become a hot spot
in the field of lung cancer diagnosis. It has been widely used to
differentiate benign and malignant pulmonary nodules and evaluate
them comprehensively. This involves the analysis of histological
type, cellular molecule and gene status, therapeutic effect and
prognosis.

FIGURE 2
Application strategy of AI in medical imaging analysis.

Frontiers in Genetics frontiersin.org04

Yin et al. 10.3389/fgene.2023.1142795

99

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1142795


1) Screening and differential diagnosis of pulmonary nodules

The guidelines for the diagnosis and management of pulmonary
nodules recommend the use of low-dose CT for screening, but the
false positive rate of low-dose CT is very high. Therefore, the
qualitative diagnosis of pulmonary nodules is a challenging
clinical problem. Histological imaging research provides more
valuable information for the screening of nodules and the
differentiation between benign and malignant nodules.

2) Auxiliary pathological diagnosis

Imaging group technology can combine imaging parameters with
clinical manifestations. If tumor tissue or tissue slice cannot be obtained,
pathological examination by non-invasive method is helpful to
determine the next treatment plan. Some studies have shown that the
performance of some image groups can be used as an independent
influencing factor to predict the degree of tumor invasion, so as to achieve
the goal of treatment stratification for early lung cancer patients.

3) Gene expression

With the continuous development of precision medicine, the
diagnosis of lung cancer patients is more and more in-depth.
However, it is difficult to find the mutant gene at very low
concentration. Moreover, tumor heterogeneity can be tested by

biopsy. Imagomics analysis can obtain useful information about
gene variation. When surgery or biopsy cannot be performed, the
combination of clinical manifestations can increase diagnostic value
and assist in formulating treatment plans.

4) Efficacy evaluation

It is an important basis for formulating and adjusting treatment
plans to accurately estimate and evaluate the efficacy in clinical
practice. Some studies have shown that the changes in the imaging
group during surgery can be used as the prognosis of neoadjuvant
chemotherapy to distinguish between pathological complete
remission and gross residual lesions.

5) Clinical prognosis

Lung cancer is the highest mortality malignant tumor in the
world today. Even if it is treated in time, a series of problems such as
local recurrence, distant metastasis, radiation induced lung injury
and so on appear. Therefore, it is necessary to grade high-risk
patients. Imageomics has a great predictive effect on the clinical
prognosis of patients.

4.3 Analysis of the relationship between
early lung adenocarcinoma of pulmonary
nodules and multiple driving genes

(1) The relationship between groups X and Y and four driving genes

The experiment showed that 50 patients with lung
adenocarcinoma admitted to the hospital were collected and
divided into groups. The even number is the control group
(group X), and the odd number is the study group (group Y).
Amplification block mutation system method was used to detect the
abnormalities of A, B, C, and D (A is HER1 is also called erb B1,
EGFR, B is also called erbB2, neu, C is HER3 is also called erb B3,
and D is HER4 is also called er-B 4) in the samples. The relationship
between driver gene mutation and pathological classification was
analyzed, as shown in Table 2.

The highest x value of the four driving genes in group Y was 83%
and the average was 78%, which was significantly higher than that in
group X. The highest X value of patients in the four driving genes
was 43% and the average was 33.5%. The data were statistically
significant.

(2) The relationship between abnormal driving gene and tissue type
in early lung adenocarcinoma

Experiment description: 25 cases were invasive and 25 cases
were non-invasive, and the analysis of A, B, C, and D driving genes
was conducted by SUVmax and SUVindex analysis (SUV value is
fully called standard uptake value (standard uptake value, SUV),
which is a common semi-quantitative index of pet in tumor
diagnosis, and refers to the radioactive activity of local tissue
imaging agent and the average systemic injection activity.
Invasive growth refers to the way tumor cells grow and destroy
surrounding tissues, as shown in Table 3.

TABLE 2 Analysis of the relationship between groups X and Y and the four
driver genes.

/ A B C D X value (%)

(6) (6) (7) (4)

Group X 2 (33%) 2 (33%) 3 (43%) 1 (25%) 33.5

Group Y 5 (83%) 5 (83%) 5 (71%) 3 (75%) 78

FIGURE 3
Accuracy analysis of early lung adenocarcinoma in lung nodules.
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It can be seen from Table 2 that the mutation values of the four
driving genes were 0.241, 0.342, 0.354, and 0.412 respectively with
the change of pulmonary nodule infiltration. The highest mutation
rate of D was 41.2%, and the others were C, B, A in turn. The
expression of D was consistent among the four genes, and the
difference was statistically significant.

(3) Image accuracy

Figure 3 shows the accuracy analysis of four driving genes under
AI medical imaging (new influence) and traditional imaging for
early lung adenocarcinoma of lung nodules.

It can be seen from Figure 3 that the accuracy of the new image
was higher than that of the traditional image in the four driving
genes. The specific data analysis showed that the accuracy of the new
image in driver gene A was 94.7%, and the accuracy of the traditional
image in driver gene A was 92.8%. The accuracy of the new image in
driver gene B was 96.1%, and the accuracy of the traditional image in
driver gene B was 93.4%. The accuracy of the new image in driver
gene C was 97.8%, and the accuracy of the traditional image in driver
gene C was 91.7%. The accuracy of new image in driver gene D was
97.1%, and the accuracy of traditional image in driver gene D was

92.3%. It is concluded that the highest accuracy of C was 97.8% for
the new image in the driver gene, while the highest accuracy of B was
93.4% for the traditional image in the driver gene. The average
accuracy of the new image in the four driving genes was 96.43%, and
the average accuracy of the traditional image in the four driving
genes was 92.55%. The average accuracy of the new image was 3.88%
higher than that of the traditional image.

(4) Effects of different imaging techniques on lung adenocarcinoma
in four driving genes

Four kinds of medical imaging technologies were counted here,
including X-ray, CT, MRI (Magnetic Resolution Imaging) and DSA
(Digital subtraction angiography). The mutation of metabolic value
in four driving genes to lung adenocarcinoma was analyzed, as
shown in Figure 4.

It can be seen from Figure 4 that the metabolic values of the four
medical imaging technologies in the four driving genes were
different. In drive gene A, the metabolic value of X-ray was 5,
that of CTwas 6, that ofMRI was 7, and that of DSAwas 8.5. In drive
gene B, the metabolic value of X-ray was 4, that of CT was 7, that of
MRI was 7.5, and that of DSA was 8. In drive gene C, the metabolic

TABLE 3 Relationship between driver gene abnormalities and tissue type.

Total SUVmax SUVindex A B C D

Infiltrative growth 25 7.62 4.79 0.241 0.342 0.354 0.412

Non-invasive growth 25 1.84 0.91

Gene mutation —

positive 19 7.17 3.41 0.145 0.147 0.175 0.162

negative 25 6.72 4.12

FIGURE 4
Medical image of the gene mutation in the lung adenocarcinoma in the driver gene.
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value of X-ray was 6, that of CT was 7.5, that of MRI was 8, and that
of DSA was 9. In driver gene D, the metabolic value of
X-ray was 6, that of CT was 8, that of MRI was 8.5, and that of
DSA was 9.

(5) Number of gene mutations

Gene mutation is a tumor specific somatic genetic change. Based
on the above analysis of early lung adenocarcinoma and multiple
driving genes of pulmonary nodules in AI medical images,
50 patients were divided into 25 patients each. The number of
people whose gene mutations could be detected was analyzed by
combining new medical images with traditional medical images, as
shown in Figure 5.

It can be seen from Figure 5 that the trend of the two
curves of the broken line chart is from A to B, then to C, and
finally to D.

According to the data analysis in the trend combination chart,
20% of the total number of 5 people were detected by the new image
combined with driver gene A. Combined with driver gene B, 16% of
the total number of 4 people were detected. Combined with driver
gene C, 28% of the total number of 7 people were detected.
Combined with driver gene D, 24% of the total number of
6 people were detected. The new image detected 88% of the total
number of 22 people under four driving genes. Traditional imaging
combined with driver gene A detected 12% of the total number of
3 people. Combined with driver gene B, 8% of the total number of
2 people were detected. Combined with driver gene C, 24% of the
total number of 6 people were detected. Combined with driver gene
D, 12% of the total number of 3 people were detected. The new
image detected 56% of the total number of 14 people under four
driving genes. Through calculation, the new image detected 8 more
people than the traditional image.

5 Discussion

Science and technology have made significant progress in recent
years, and the application of AI technology has provided
opportunities for development in various fields, including clinical
medicine. Especially in the field of medical imaging, AI technology
can be used to facilitate the visualization of imaging research results.
Compared with traditional manual reading, AI reading has absolute
advantages, which can not only reduce the reading time but also
provide a highly sensitive and accurate reference for clinical diagnosis.
In this paper, 50 patients with lung adenocarcinoma were admitted
and grouped, and the patients in group Y had the highest x value of
83% among the four driver genes and the average value of 78%, which
was significantly higher than that in group X. Patients had the highest
X value of 43% and 33.5% mean value of 34.4 driver genes.

In order to further improve the accuracy of medical image diagnosis
by using AI technology, this paper studied the application of AI in
medical image analysis. First, the concept and advantages of AI were
introduced. Then, the importance of AI application in medical imaging
was analyzed. Finally, the strategy of applying AI in medical image
analysis was proposed. This paper has presented a strategy for applying
AI to medical image analysis. After a period of research and practice, it is
found that this strategy has universal value, because it improves the
reading efficiency of medical image analysis system, which effectively
improves the reading depth of medical image analysis system and helps
doctors diagnose accurately.

With the deepening of scientific understanding of tumor, people
gradually realize that the occurrence and development of tumor are
related to multiple driver genes, so in order to better evaluate the
incidence and development of lung cancer. The EGFR (epidermal
growth factor receptor) collision integration method can evaluate
the effect of EGFR through a single hotspot mutation such as
EGFRL858R, and can predict the different expression of genes

FIGURE 5
Number of gene mutations that can be detected.
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such as EGFRL858R and predict the effect of EGFR. Some scholars
have conducted a single-region genome sequence analysis on many
cases of lung cancer patients, and the results show that the mutation
of this gene has a great relationship with the incidence of lung
cancer. The prediction of NSCLC by 7-lncRNA (Long non-coding
RNA) is particularly important for the early diagnosis
of KRAS (Kirsten Rat Sarcoma Viral Oncogene Homolog)
and EGFR.

Key driver genes and suppressor genes play important roles in
the early detection and treatment of lung cancer. For early lung
adenocarcinoma, a specific sequence analysis according to its
clinical characteristics is combined with specific biomolecular
markers to develop personalized treatment options and conduct
extensive evaluation. However, as large-scale clinical data are still
lacking, especially for patients with early lung adenocarcinoma,
there are few data on outcome and most studies are retrospective
and the follow-up time is very short. How to effectively overcome
secondary drug resistance is an ongoing research topic.
Furthermore, according to the Joint Committee on Cancer
guidelines, many of the early-stage lung cancer studies reviewed
here are rarely defined as AIS, minimally invasive
adenocarcinomas, and partially appendicular growth. More
attention is therefore expected to be paid to the prognosis of
lung adenocarcinoma in the future.

6 Conclusion

In conclusion, AI based medical images are superior to
traditional images in all aspects. At the same time, bioinformatics
can be used to explore the pathogenesis of lung adenocarcinoma, so

as to find appropriate biomarkers for early diagnosis and prognosis
of lung adenocarcinoma.
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Microrna-206 induces hypoxic
necrosis of femoral head by
inhibiting VEGF/PI3K/AKT
signaling pathway

Xingjing Wu1*, Zhoushan Tao1 and Wenjing Cheng1

1Department of Orthopedics, Yijishan Hospital, Wannan Medical College, Wuhu, Anhui, China

The most common form of non-traumatic necrosis of the femoral head is anoxic
necrosis of the femoral head, which is ametabolic disease, mainly involving young
and middle-aged people. Apoptosis and its related signal regulation pathway play
an important role in the occurrence and development of hypoxic necrosis of the
femoral head. In order to investigate the possible pathological manifestations of
miR-206 and VEGF/PI3K/AKT signal pathway genes and their interactions in
hypoxic necrosis of the femoral head, this paper intended to systematically
study the expression and regulation mechanism of miR-206 and VEGF/PI3K/
AKT signal pathway genes. The interaction betweenmiR-206 and VEGF/PI3K/AKT
signaling pathway and its regulation on apoptosis, differentiation and proliferation
of human osteoblast cell line hFOB1.19 (SV40 transfer of human osteoblasts) were
studied by double luciferase reporter gene analysis, overexpression and inhibition
of miR-206, and gene silencing of VEGF/PI3K/AKT signaling pathway. After 24 h
and 48 h of intervention with MicroRNA 206 on osteoblasts, it was found that the
fluorescence intensity of caspase-3 was higher than that of 0 h group (p < 0.05).
This paper has provided an important research basis for the research of femoral
head necrosis and the development of new diagnosis and therapeutic drugs for
this kind of disease. It also has provided a reference for the further promotion of
the chemotherapy drug delivery system.

KEYWORDS

hypoxic necrosis of femoral head, VEGF/PI3K/Akt signal pathway, microRNA-
206 molecule, chemotherapy drug delivery system, anoxic necrosis

1 Introduction

MiR-206 is involved in the differentiation of osteoblasts and its expression level is
significantly increased in the tissue of induced hypoxic necrosis of the femoral head.
However, its specific role and molecular mechanism in the process of steroid induced
necrosis of the femoral head remain unknown. Non-traumatic osteonecrosis of the femoral
head (NONFH) is the most common orthopedic disease in clinic, most of which are
accompanied by a history of corticosteroid use or a long history of alcoholism. The necrosis
of femoral head ismostly due to the death of osteoblasts and bonemarrow components caused by
blood stasis of femoral head vein, damage or interruption of arterial blood supply, which leads to
the change and collapse of femoral structure. Pain in hips, buttocks and groins is themain clinical
pain, which often occurs in people aged 20–59 years. Due to the impact of COVID-19 in recent
years, the clinical use of hormone drugs may further lead to an rise in the proportion of patients,
which have a great impact on the quality of life, economic burden and social health undertakings.
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As a common difficult and miscellaneous disease in the field of
orthopedics, NONFH has attracted extensive attention from
researchers in other countries. This study of the functional texture
of MicroRNA-206 has set a good precedent for the introduction of
chemotherapy drug delivery system. The mechanism of MicroRNA-
206 inducing hypoxic necrosis of the femoral head by inhibiting VEGF/
PI3K/AKT signal pathway has been explored, which is helpful to
understand more treatment methods for necrosis of the femoral head.

Femoral head necrosis is seriously affecting people’s physical and
mental health. Sheng Zhai believed that hormone-induced necrosis of
the femoral head is caused by long-term use of hormones (Sheng et al.,
2021). HuaKun-chi believed that core decompressionwas an important
method to treat femoral head necrosis (Hua et al., 2019). LiWei believed
that in osteonecrosis of the femoral head (ONFH), the blood supply was
insufficient to meet the metabolic needs of bone (Li et al., 2017). Zhang
Ying believed that bone microcirculation might lead to bone necrosis
related to ischemia and hypoxia (Zhang Y. et al., 2017). Leibold
Christiane Sylvia performed hip dislocation and varus osteotomy on
nine patients with femoral head necrosis (Leibold et al., 2020). However,
the treatment of femoral head necrosis proposed by them lacks
preciseness, so this paper introduced MicroRNA 206 for
comparative optimization.

MicroRNA-206 can enhance cell toxicity. Luo pan believed that the
incidence rate of steroid inducedONFH in patients receiving long-term
treatment was 9%–40% (Luo et al., 2018). Ma Jian-xiong believed that
the mechanism of ONFHwas still unclear (Ma et al., 2017). Narayanan
Aswath suggested surgical treatment for patients with advanced disease
of avascular necrosis of femoral head (Narayanan et al., 2017).
Landgraeber Stefan believed that advanced core decompression
(ACD) was a new technology for the treatment of ONFH
(Landgraeber et al., 2017). Shu Peng believed that ONFH was a
common disabling joint disease (Shu et al., 2020). MicroRNA-206
was not combined with femoral head necrosis.

The tumor suppressor PDCD4 (programmed cell death4) plays an
significant role in regulating the apoptosis of cardiovascular cells, and
the expression of PDCD4 gene is regulated by multiple microRNAs.
However, its pathological role andmolecular mechanism in the process
of human steroid induced avascular necrosis of the femoral head are still
unclear. In order to investigate the potential pathological function and
interaction of miR-206 and PDCD4 genes in steroid induced avascular
necrosis of the femoral head, the functions andmechanisms ofmiR-206
and PDCD4 expression and their interaction in osteoblast apoptosis
and steroid induced avascular necrosis of the femoral head are
systematically studied. The correlation coefficient (R value) between
miR-206 and mRNA level of VEGF/PI3K/AKT signaling pathway is
about 0.48.

2 Method of inducing hypoxic necrosis
of femoral head with microRNA-206
depending on chemotherapy drug
delivery system

2.1 Mechanism of hypoxic necrosis of
femoral head

Modern medicine of avascular necrosis of femoral head is based
on precise anatomy and pathology. According to its clinical

manifestations, this disease can be attributed to the category of
bone arthralgia, bone erosion and hip arthralgia in traditional
Chinese medicine. Hip joint is the main mechanical conversion
mechanism and key load-bearing part of the human body. It is
mainly composed of acetabulum and femoral head. The
pathogenesis of the disease is complex. It is widely believed that
alcohol, hormone, pregnancy and immune diseases are important
inducements, and osteocyte necrosis and cystic degeneration in the
femoral head are its pathological manifestations. However, the
specific mechanism is not yet clear, so there is a series of
theoretical arguments. In China, due to the limitation of
economic level, education level and medical conditions, the
consequences of NONFH (The results of bone biopsy are
consistent with ischemic necrosis, but other examinations are
normal) are disastrous. Most patients have entered the collapse
period and peri collapse period when they go to hospital. Although
most scholars have done a lot of research in the field of hip
protection and achieved some results, they often miss
opportunities. Most patients need to undergo hip replacement
surgery, and the economic burden and complications brought by
the surgery are too much for patients. In order to achieve early
diagnosis and treatment, many researchers have done a lot of work
in the field of molecular biology. Through basic and experimental
research, the aim is to find relevant molecular biological markers for
early detection, diagnosis and effective intervention QN+1. However,
they are all in the bottleneck period and there is no important
breakthrough. However, due to the limitations of the research
methods of traditional Chinese medicine and the difficulties KN

in integrating it with modern molecular biology, the scientific basis
provided by most of the studies is not convincing (Calori et al.,
2017). The incidence of infection after replacement of femoral head
necrosis was 2.1%–10.3%. Because of the huge number of artificial
joint replacement operations carried out every year, the number of
infected cases is also countless. The infection caused by any reason
will have serious consequences, eventually leading to prosthesis
loosening and surgical failure. Severe infection can cause paralysis.

QN+1 � f Y,MN( ) (1)
KN � T + V (2)

xM � N−1 M1( ) τ − Y − d( ) (3)
The relative expression level of PI3K/AKT signal pathway is

positively correlated with total cholesterol (it is a major steroid
compound in mammals and plays an important role in basic cell
life activities), low density lipoprotein and other indicators. The
more obese patients are, the higher the relative expression level of
PI3K/AKT signal pathway is. Clinical research shows that
hyperlipidemia and lipid metabolism disorder are one of the
high risk factors of femoral head necrosis. Other studies also
found that after the application of PI3K inhibitor, the expression
of SREBP (Steel Regulatory Element Binding Protein) decreases
significantly, which leads to a significant decrease in
thyroglobulin indicators. It leads to lipid metabolism disorder
and excessive obesity, and even leads to the formation of
atherosclerosis (the symptoms of atherosclerosis mainly
depend on vascular disease and the degree of ischemia of the
affected organs), thus affecting the pathogenesis of femoral head
necrosis J (Peng et al., 2021).
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J � ∑n

i�0Ji (4)

N � KS − CS
S + C‖ ‖ (5)

bg � vgS + k
l +m‖ ‖ (6)

AKT combines with eNOS (Endothalial Nitric Oxide
Synthase) phosphorylation to promote the production of NO
(nitrous oxide). Its upstream factor PTEN (photosynthesis and
tensin homolog deleted on chromosomal ten) protein can
improve the vascular permeability by affecting the cell growth
cycle, so as to adjust the blood circulation around the necrosis of
femoral head, thus achieving the role of preventing and treating
NONFH. The improvement of vascular permeability (The
contraction of endothelial cells is called recurrent transient
response because the half-life of the inflammatory mediator of
endothelial cell contraction is short and the endothelial cell
contraction caused by it is reversible) around the femoral head
can provide a certain direction for the treatment of early and
middle femoral head necrosis. However, most of them stay in the
animal experiment stage, and further research is needed to obtain
more intuitive clinical data. The pathogenesis of NONFH is
shown in Figure 1.

Studies have shown that PI3K/AKT can regulate the
phosphorylation of subunits when activated by external
stimulation, thus starting VEGF gene transcription to promote
angiogenesis. Moreover, by activating and supplementing VEGF
(The gene structure of VEGF family proteins is complex, among
which VEGF-A protein is the most studied. The precursor mRNA of
VEGF-A gene transcription can form different fragments of VEGF-
A protein through alternative splicing), it can promote the high
expression of PI3K/AKT, stimulate the production of more VEGF
and miRNA protein expression related to angiogenesis in the body,
so as to better promote angiogenesis.

PI3K/AKT can directly induce the generation and expression of
VEGF. VEGF can promote cell generation and regulate peripheral
blood supply, which can help vascular repair and regeneration, and
can nourish peripheral bone cells to alleviate the early development
of femoral head necrosis. It is possible for VEGF to improve the
blood circulation around necrosis of femoral head. The theory is
relatively perfect. However, it has not been further applied to clinical
treatment. It is worth further discussion and research to better
clarify its mechanism of action (Wang et al., 2017; Wen et al., 2020).

The diagnostic criteria is that when the patient meets one of the
following three points, the femoral head necrosis can be diagnosed,
regardless of whether there are clinical symptoms or signs.

FIGURE 1
Pathogenesis of NONFH.
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X-ray film: necrotic focus surrounded by sclerotic band and
segmental collapse in the femoral head can be observed; Crescent
sign and other specific manifestations.

Magnetic resonance imaging (MRI) examination:
T1W1 band low signal, T2W “double line” sign, the lateral low

signal band is hyperplastic sclerotic bone, and the medial high signal
band is granulation fiber tissue repair.

CT: necrotic focus with clear contour; Subchondral fracture.

2.2 MicroRNA-206 induces anoxic necrosis
of femoral head

2.2.1 Clinical bone tissue sample
The clinical bone tissue samples of the experimental group used

in this paper are from 15 patients with steroid induced avascular
necrosis of the femoral head, including nine male patients and six
female patients. Another 15 femoral head tissue samples from
patients undergoing total hip replacement (The artificial
prosthesis, including the femur and acetabulum, is fixed on the
normal bone by bone cement and screws to replace the diseased
joint) due to femoral neck fracture are used as the control group in
this article, including eight male and seven female patients with
femoral neck fracture. All patients participating in the study signs
the informed consent form, and obtains detailed clinical pathology
and prognosis data of all patients in the experimental group and the
control group. The study covering relevant patient screening, clinical
examination, clinical data acquisition and subsequent experimental
analysis. The collected femoral head bone tissue samples are frozen
in the prepared liquid nitrogen immediately after the operation for
subsequent experimental analysis of total RNA and protein sample
extraction.

Cell line: The product classification numbers of hFOB1.19 and
human renal epithelial cell line 293 T are CRL-11372 and CRL-3216
respectively.

Main reagents and antibodies: conventional chemical reagents:
disodium hydrogen phosphate, methanol, anhydrous ethanol,
glacial acetic acid, isopropanol and other conventional reagents
used in this paper are analytical pure. Total RNA extraction
reagent (Trizol solution) is purchased from Bioengineering Co.,
Ltd. (Shanghai), and the product number is B511311. Diethyl
pyrocarbonate is purchased from Sigma Aldrich (China) Co., Ltd.
(Shanghai, China), and the product number is 472565. Agarose is
purchased from Yisheng Biotechnology Co., Ltd. (Shanghai, China),
and the product number is 10208ES60.

DNA marker is purchased from Beyotime Biotechnology
Company (Nantong, China), and the product number is D0107.
Nucleotide fluorescent dye (SYBR GreenI) is purchased from
Thermo Fisher Scientific (China) Co., Ltd. (Shanghai, China),
and the product number is S7563. Taq DNA polymerase is
purchased from Fullgold Biotechnology Co., Ltd. (Beijing, China),
and the product number is AP101-12. The basic idea of clinical
experiment is shown in Figure 2.

2.2.2 Total RNA extraction process of bone tissue
and cell line

In this paper, all patients with hypoxic avascular necrosis of the
femoral head and the contrast group are used to extract total RNA

from bone tissue, human osteoblasts and renal epithelial cells using a
standardized process. In order to prevent sample contamination and
affect the accuracy of experimental results, consumables such as gun
heads and centrifuge tubes used in the extraction process are soaked
in DEPC water (which is used for dissolution of RNA precipitation
and various reaction systems containing RNA, such as reverse
transcription, annealing of siRNA, etc.) in advance. The specific
extraction process is as follows:

(1) Tissue and cell homogenate treatment: For bone tissue samples,
the bone tissue samples stored in liquid nitrogen tank shall be
ground in liquid nitrogen immediately after being taken out
until uniform fine particles are formed. Then, pre cooled TRIzol
(which is an RNA extract that can be directly extracted from
cells to RNA) solution (1 mL of TRIzol solution is added to
every 0.1 g of bone tissue) is added to fully mix, so that RNA
samples can be fully dissolved in TRIzol solution. For cultured
human osteoblasts and renal epithelial cells, 800 g of them are
centrifuged for 5 min to collect cells, and then an appropriate
amount of pre cooled PBS solution is added to resuspension
cells. PBS solution is removed by centrifugation, and cells are
washed twice in this way. Finally, about 1 mL TRIzol solution is
added to resuspension cells and repeated blowing to promote
cell lysis. The volume of reagent and solution used in the
following experimental process is calculated according to
1 mL of homogenate.

(2) The centrifuge tube is inverted onto a clean absorbent paper, and
then it is left to dry at room temperature. Finally, about 40 ul double
distilled water treated by DEPC is added, and the sample is shaken
on a vortex oscillator for a short time to promote the dissolution of
the sample. It is stored at −80°C for standby.

(3) Agarose gel electrophoresis: 2 μL of the obtained RNA sample is
taken out and separated by 2% agarose gel electrophoresis and
photographed as v. The quality a and integrity of the obtained
sample dP are analyzed (Zhu et al., 2020).

a � sin
2mt
c

(7)

v � at
2π cos

2vt
t

(8)
dP � dqx + dqy (9)

(4) Determination of RNA sample solubility: Micropipette is used
to suck 1 μL extracted RNA sample, and measure the RNA
sample solubility and A260/A280 ratio through micro
spectrophotometer. It is RNA sample lp meeting the purity
requirements (Zhang M. et al., 2017; Yan et al., 2018).

K � d + ym (10)
ototal � oF

c
(11)

lp � kVS
k max

� vM
bVS

(12)

2.2.3 Extraction of total protein from bone tissues
and cell lines

In order to analyze the changes of protein levels of related genes,
the animal whole protein extraction kit (product number: C510003)
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produced by Shanghai Sangong Biotechnology Co., Ltd. is used to
extract the total protein of femoral head tissue, human osteoblasts
and renal epithelial cells. The specific extraction process is described
below. Extraction process of total protein from femoral head is:

(1) Reagent preparation: Lysis buffer provided in the kit is stored at
4°C. Protease inhibitor, phosphatase inhibitor and
benzylsulfonyl fluoride solution are stored at—20°C. Before
protein extraction, the relevant reagents are placed on ice for
several minutes.

(2) In the precooled Lysis Buffer, phosphatase inhibitor (5 μL/mL),
protease inhibitor (5 μL/mL) and benzylsulfonyl fluoride
solution (10 μL/mL) are added, fully mixed and evenly placed
on ice for several minutes for standby.

(3) The femoral head tissue stored in liquid nitrogen tank is taken
out. In liquid nitrogen, all bone tissue blocks are broken and
ground into fine powder. After the liquid nitrogen volatilizes
completely, the precooled Lysis buffer is added to continue
grinding for several minutes to form tissue homogenate.

(4) The tissue homogenate obtained is transferred to a precooled
1.5 mL Eppendorf centrifuge tube, left on ice for 15 min. It is
subjected to severe eddy vibration for 3–5 times to fully extract
the protein.

(5) After centrifugation at 4°C for 10 min, the supernatant is
transferred to a new precooled 1.5 mL Eppendorf centrifuge
tube. The obtained sample is the total protein of the tissue. After
the protein solubility is determined, it is packaged and stored
at—70°C for standby.

Necrosis of the femoral head can cause the increase of C-reactive
protein, suggesting that infection: the important clinical significance
of the increase of C-reactive protein is to prompt infection, especially
bacterial infection, which will lead to a significant increase of
C-reactive protein. Virus infection usually has a slight increase or
normal level of C-reactive protein, so C-reactive protein can be used
as a differential indicator of infection.

2.2.4 HFOB1.19 osteoblast transfection method
First, the cells inoculated with hFOB1. 19 cells are placed on a

24 well cell culture plate. The cells with a confluence of about 50%–
60% are washed twice with PBS solution, and 300 μL serum free
medium is added to each cell culture hole to continue to culture (5%
CO2, 37°C). The basic culture medium without serum is diluted with
Lipofectamine 2000 reagent at a ratio of 50:1 (to ensure the demand
of each cell culture hole 50 μL), and diluted with the basic culture
mediumwithout serum. The target DNA fragments to be transfected
are diluted at an appropriate ratio (to ensure each cell culture hole
50 μL), and left at room temperature for several minutes.
Subsequently, the two diluted solutions are mixed by the same
volume and left at room temperature for 20 min. Finally, each cell
culture well is dripped with the mixed dilute solution obtained from
the above 100 μL and gently mixed. It is continuously cultured for
about 6 h and replaced with fresh medium for further culture. Cells
are collected for subsequent cytological and molecular biological
correlation analysis for about 24 h.

2.2.5 Cell activity test method (CCK8 method)
Cell Counting Kit-8 (CCK8) method is used to detect the cell

viability of cultured human hFOB1. 19 osteoblasts. The
experimental operation process is carried out according to the
technical methods provided in the manual. The simple
experimental process is as follows. After transfection, hFOBl.
19 osteoblasts are cultured for 24–27 h and used for CCK-8
analysis of cell activity. Cells in each group are collected at
three different time points, namely, 24, 48 and 72 h. First,
pipettes are used to gently remove old media. Then, according
to the ratio of 100:1, the fresh complete culture medium is diluted
with CCK-8 reagent. Finally, the cell culture plate n(j) is put back
into the incubator to continue to culture for about 1 h, and then
detected by the microplate reader for statistical analysis of the
difference cy in cell activity among groups. At least three
biological repeats shall be set for the above analysis (Wang
et al., 2019).

FIGURE 2
Basic idea of clinical experiment.
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kg � gFS − g (13)
n j( ) � Δl

Δz*n
(14)

aas � 1
d λ( ) (15)

cy � h + g
Pmax·t0 (16)

During the miR-206 expression level difference experiment, the
femoral head tissue samples of 15 patients with femoral neck
fracture who underwent total hip arthroplasty were collected as
the control group.

2.3 Statistical treatment

Pearson correlation method (which can measure the correlation
between vectors) is used to analyze the correlation between the
parameters between groups. In this paper, p < 0.05 and p < 0.01 are
used as the criteria for evaluating statistically significant and
extremely significant differences (Wu et al., 2018; Petek et al., 2019).

qD � 2εs
j*h

�������
mAmD

mA+mD

√
(17)

f bi � ln
kbjD
mi

(18)

η � v
ls/m0

(19)

d � ∑n

i�0 giωi + ci( ) (20)

3 Results of microRNA-206 induced
hypoxic necrosis of femoral head

In this paper, the reverse transcription of mRNA is carried
out using EasyScripte reverse transcriptase produced by Beijing
Quanshijin Biotechnology Co., Ltd. The extracted RNA sample
1 μg is used as the template, and the reaction system is 7 μL. The
prepared reaction system is fully mixed evenly. Ordinary PCR
(Polymerase Chain Reaction, which can amplify DNA, making
a small amount of DNA become more) instrument is used for
cDNA synthesis. The specific reaction procedure is: 70°C,
4 min; 37°C, 55 min; 95°C for 4 min. The synthesized cDNA
samples can be used for quantitative PCR analysis or stored

at—15°C for future use. The reverse transcription system is
shown in Table 1.

At the same time, the femoral head tissue samples of 15 patients
with femoral neck fracture undergoing total hip replacement are
collected as the control group. Total RNA samples from femoral
head tissues of two groups of patients are extracted. The total cDNA
samples of each sample are obtained by reverse transcription. The
expression level of miR-206 between the experimental group and the
control group is compared by real-time fluorescent quantitative
PCR. The difference of miR-206 expression level is shown in
Figure 3. The expression level of the experimental group was 4.1,
and that of the control group was 3.2.

The difference of VEGF/PI3K/AKT signal pathway gene
expression level between the two groups of bone tissues by
fluorescence quantitative PCR and western blotting is compared
(the mRNA level of VEGF/PI3K/AKT signal pathway is shown in
Figure 4A. The average data of the experimental group is 1.2, and the
average data of the control group is 1.5. The regulation of this gene
expression may be an important molecular pathological mechanism
for the occurrence and development of steroid induced avascular
necrosis of the femoral head (the level of VEGF/PI3K/AKT signal
pathway protein is shown in Figure 4B). The mRNA and protein
levels of VEGF/PI3K/AKT signaling pathway are shown in Figure 4.

Results are analyzed by real-time fluorescent quantitative PCR
and western blotting. In order to verify this, SPSS software (SPSS is
the first statistical software in the world to use graphical menu
driven interface. Its most prominent feature is that the operation
interface is extremely friendly and the output results are beautiful) is
used to analyze the correlation between miR-206 and VEGF/PI3K/
AKT signal pathway mRNA levels in steroid induced avascular
necrosis of the femoral head. There is a significant negative
correlation between miR-206 and VEGF/PI3K/AKT signal
pathway mRNA levels in femoral tissue of steroid induced
avascular necrosis of the femoral head. The correlation coefficient
(R value) is about 0.48, which is statistically significant. There may
be some interaction between miR-206 and VEGF/PI3K/AKT
signaling pathway genes. The interaction between miR-206 and
VEGF/PI3K/AKT signal pathway genes is shown in Figure 5.

Based on the previous research on miR-206, and the specific
binding ability of miR-206 and VEGF/PI3K/AKT signal pathway
genes to start specific regions, two kinds of osteoblasts with different
miR-206 expression levels are constructed in human hFOB1.
19 osteoblasts through the Lipofectamine TM2000 transfection
system to study the regulatory role of miR-206 in the cellular
processes of osteoblast activity, proliferation and apoptosis in
detail. At the same time, the downstream regulatory mechanism
of miR-206 regulating osteoblast biological function is studied with
the above cell materials, especially the possible role of VEGF/PI3K/
AKT signaling pathway in the regulation of osteoblast function by
miR-206. First, the effect of miR-206 expression level on hFOB1.
19 osteoblast activity is analyzed by Cell Counting Kit-8 (CCK8)
experiment. After human hFOB1. 19 osteoblasts are transfected with
miR-206 mimics, miR-206 inhibitor and control fragments, the cell
viability of hFOB1.19 osteoblasts is detected by CCK-8 at 24, 48 and
72 h, respectively. The expression level of miR-206 in human
osteoblasts is negatively correlated with its cell activity. It shows
that miR-206 has the effect of inhibiting osteoblast activity (the
activity of 24 H osteoblast is shown in Figure 6A, 48H–72H

TABLE 1 Reverse transcription system.

Reaction system Unit (μL)

RNA samples 1

OligodT primers (18) 1

dNTP mixed solution 0.5

Reverse transcriptase 0.5

DEPC water 2

Reverse transcription buffer 2
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osteoblast activity is shown in Figure 6B. The regulation of miR-206
expression level on osteoblast activity is shown in Figure 6.

The dynamic balance between osteoblasts and osteoclasts is the
main mechanism to maintain the normal function of human bones.
In order to further understand the cytological mode of miR-206
involved in the pathological process of steroid induced avascular
necrosis of the femoral head, the apoptosis of human hFOB1.
19 osteoblasts overexpressed and silenced miR-206 are further
analyzed. First, the apoptosis of osteoblasts transfected with
MicroRNA-206 mimics and MicroRNA-206 inhibitor is
compared and analyzed by Hoechst 33258 staining method. In
particular, miR-206 mimics transfected human hFOB1.
19 osteoblasts leads to extremely significant apoptosis. Apoptosis
is hardly observed in osteoblasts of miR-206 inhibitor transfection
group and normal control group. This result shows that
overexpression of miR-206 can promote apoptosis of human

hFOB1. 19 osteoblasts. At the same time, the apoptosis of the
three groups of human osteoblasts is detected by flow cytometry.
After Annexin V and propidium iodide staining, flow cytometry is
used to quantitatively analyze the proportion of apoptotic cells in the
three groups. The expression level of MicroRNA-206 has a strong
promoting effect on osteoblast apoptosis. The regulatory effect of
miR-206 expression level on osteoblast apoptosis is shown in
Figure 7.

The expression level of VEGF/PI3K/AKT signal pathway gene in
osteoblasts transfected with MicroRNA-206 mimics and
MicroRNA-206 inhibitor is first analyzed (VEGF/PI3K/AKT
signal pathway is shown in Figure 8A). Quantitative RTPCR
(reverse transcription polymerase chain reaction) analysis shows
that the mRNA level of VEGF/PI3K/AKT signal pathway gene in
osteoblasts transfected with MicroRNA-206 mimics is significantly
downregulated. On the contrary, the mRNA level of VEGF/PI3K/

FIGURE 3
Differences in miR-206 expression levels.

FIGURE 4
mRNA and protein levels of VEGF/PI3K/AKT signaling pathway. (A) MRNA (B) Protein.
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AKT signal pathway gene in osteoblasts transfected with
MicroRNA-206 inhibitor increases dramatically. These results
indicate that MicroRNA-206 has a strong negative regulatory
effect on the mRNA level of VEGF/PI3K/AKT signaling pathway
genes. Alkaline phosphatase (ALP) is a major marker gene for
osteogenic differentiation of bone marrow mesenchymal stem
cells. The study also finds that the expression level of this gene in
osteoblasts is also significantly regulated by MicroRNA-206, and
MicroRNA-206 mimics significantly inhibits the expression of ALP
gene. MicroRNA-206 inhibitor significantly promotes the
expression level of ALP gene (ALP is shown in Figure 8B). The
regulation of hypoxic avascular necrosis of the femoral head is
shown in Figure 8.

ALP is marked with green fluorescence. The osteoblasts are
intervened with 10–6 mol/L MicroRNA 206 for 0, 12, 24 and 48 h,
and then immunofluorescence staining is performed. The

FIGURE 5
Interaction between miR-206 and VEGF/PI3K/AKT signal pathway genes.

FIGURE 6
Regulation of miR-206 expression level on osteoblast activity. (A) 24H osteoblast activity (B) 48H–72H osteoblast activity.

FIGURE 7
Regulation of miR-206 expression level on osteoblast apoptosis.

Frontiers in Genetics frontiersin.org08

Wu et al. 10.3389/fgene.2023.1118831

112

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1118831


expression of ALP fluorescence decreases significantly at 12, 24 and
48 h. There is only a small amount of immunofluorescence
expression in 0 h group. The fluorescence intensity of caspase-3
is higher in the treatment group treated with MicroRNA 206 for
24 and 48 h than that in the control group (p < 0.05). MicroRNA-
206 can upregulate caspase-3 expression and induce osteoblast
apoptosis in a time dependent manner. The absorbance contrast
is shown in Table 2.

Then, in the logarithmic growth period, the necrosis cells of
the femoral head are taken after hypoxia in good growth
condition. The cell density to 2X 104/well is adjusted with the
third time medium, and is connected to the 96 well plate. Then
the MTT detection method is used. The medium is sucked out
and 150 ul DMSO (Dimethyl sulfide) is added to shake for
10 min. The absorbance value OD568 of each hole is
measured by microplate reader. Compared with miR-206 +
VEGF/PI3K/AKT group, the average cell proliferation rate of
VEGF/PI3K/AKT pretreatment group increases significantly (p <
0.05). Compared with the control group, the average cell
increment rate of the pretreatment group has no significant
change. The relative increment rate of cells under different
experimental conditions is shown in Table 3.

The chemotherapy drug delivery system has laid the foundation
for personalized therapy. In view of the high accuracy of this
method, it can determine the optimal dose of drugs for patients,
thereby reducing side effects and reducing treatment costs. This
paper also considers the targeted drug delivery of the chemotherapy
drug delivery system. The first antibody is diluted with sealing
solution, so that PVDF (polyvinylidene fluoride) film is
immersed in the first antibody incubation solution, and
incubated overnight in a 4°C incubator. The dilution
concentration of antibody is shown in Table 4.

In the process of regulating the apoptosis, proliferation and
differentiation of human osteoblasts by MicroRNA 206, VEGF/
PI3K/AKT signaling pathway and other important regulatory
factors related to apoptosis and differentiation have undergone
significant changes. A specific siRNA (Small interfering RNA)
targeting VEGF/PI3K/AKT signaling pathway gene is designed.
At the same time, based on the previous research results about the
significant increase of gene expression level of VEGF/PI3K/AKT
signal pathway in human osteoblasts transfected with MicroRNA
206 inhibitor, MicroRNA 206 inhibitor and VEGF/PI3K/AKT
signal pathway are co transfected into human hFOB1.
19 osteoblasts, with a view to building a human osteoblast
strain co silenced with MicroRNA 206 and VEGF/PI3K/AKT
signal pathway genes. It is used to compare with the osteoblasts
transfected with MicroRNA 206 inhibitor, and to evaluate the
regulatory role of VEGF/PI3K/AKT signaling pathway in the
process of apoptosis of osteoblasts mediated by MicroRNA
206 and its molecular mechanism. Quantitative RT-PCR
analysis shows that the mRNA level of VEGF/PI3K/AKT
signal pathway gene in hFOB1.19 osteoblasts co transfected
with MicroRNA 206 inhibitor and VEGF/PI3K/AKT signal
pathway decreases significantly compared with human

FIGURE 8
Regulation of hypoxic avascular necrosis of femoral head. (A) VEGF/PI3K/AKT signal pathway (B) ALP.

TABLE 2 Comparison of absorbance.

Time (h) ALP (mol/L) p

48 8 <0.05

24 11

12 15

0 20
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osteoblasts transfected with MicroRNA 206 inhibitor alone. It
indicates that this cell line can be used for subsequent research.
At the same time, quantitative RT-PCR analysis confirms the
expression of ALP gene in osteoblasts transfected with
MicroRNA-206 inhibitor. (VEGF/PI3K/AKT signal expression
is shown in Figure 9A. The ALP gene in the osteoblasts
transfected by MicroRNA-206 inhibitor is shown in Figure 9B.
The comparison of regulatory effects of MicroRNA-206 is shown
in Figure 9.

The osteoblasts are intervened with 10–8 mol/L, 10–7 mol/L,
10–6 mol/L MicroRNA 206 for 12, 24 and 48 h, and then CCK8 is
detected. The results shows that after 12 h of intervention,
10–7 mol/L, 10–6 mol/L MicroRNA-206 can significantly
reduce the cell proliferation activity. 10 * mol/LMicroRNA-
206 has no significant inhibitory effect on osteoblast
proliferation (p > 0.05). Compared with 10–8 mol/L group, the
proliferation activity of 10–7 mol/L and 10–6 mol/L MicroRNA
206 groups is significantly decreased (p < 0.05). Compared with
10–7 mol/L group, the proliferation activity of 10–6 mol/L
MicroRNA-206 osteoblasts decreases significantly (p < 0.05).
It is suggested that MicroRNA 206 inhibits osteoblast
proliferation in a dose-dependent manner. At the same
concentration of MicroRNA 206, the relative proliferation rate
of osteoblasts decreases gradually with the prolongation of the
time of MicroRNA 206 intervention for 12, 24 and 48 h. The
results shows that MicroRNA 206 inhibits the proliferation of
osteoblasts. The longer the action time is, the more obvious the
inhibition is. The influence difference of different time and
concentration is shown in Table 5. The femoral head gradually
healed after necrosis, as shown in Figure 10.

TABLE 3 Relative cell growth rate under different experimental conditions.

Group For the first time The second time Third time

Blank 0.07 0.069 0.068

Control 1.4 1.3 1.4

miR-206 1.1 1.2 1.1

VEGF⁄PI3K⁄AKT 1.6 1.5 1.7

miR-206 + VEGF⁄PI3K⁄AKT 1.3 1.3 1.2

TABLE 4 Diluted concentration of antibody.

Name Dilution ratio

LC3 1:1,000

Beclin1 1:1,000

P62 1:1,000

AKT 1:1,000

P-AKT 1:1,000

FIGURE 9
Comparison of regulatory effects of MicroRNA-206. (A) VEGF/PI3K/AKT signal expression (B) MicroRNA-206 inhibitor transfection of ALP gene in
osteoblasts.
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4 Conclusion

This article has explained the correlation between constitution
and NONFH at the molecular level, which is conducive to the play of
the unique advantages of the theory of “treating diseases before
occuring” in exploring the prevention and revealing the causes of
NONFH. It is the direction of continuous development of medicine
to explore the mechanism of NONFH blood circulation disorder
from the perspective of molecular biology, understand the causes of
the disease from a microscopic perspective, and obtain treatment
methods. PI3K/AKT can delay and prevent femoral head necrosis by
correcting abnormal lipid metabolism, enhancing vascular
permeability and promoting vascular regeneration. In this paper,
the research on PI3K/AKT promoting vascular regeneration by
enhancing VEGF was relatively more complete, and the relevant
evidence was also more sufficient. This paper fully discussed the
safety and feasibility of the chemotherapy drug delivery system
through local tissue absorption of chemotherapy drugs. However, it
is still in the laboratory research stage, and the effect of PI3K/AKT
on NONFH bone tissue needs to be improved. At the same time,
obesity, genetics and environmental factors can also be studied from
a microscopic perspective through signal pathways, so as to more
clearly understand the mechanism and treatment of NONFH. It is
the future direction to know and understand the pathological
changes and pathogenesis of NONFH more accurately to help
prevent and treat it in advance.
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FIGURE 10
The femoral head gradually healed after necrosis (https://xn7p.cn/0f75e).

TABLE 5 Difference of influence of different time and concentration.

Group 12 h 24 h 48 h

10−6 mol/L 0.46 0.61 0.76

10−7 mol/L 0.48 0.62 0.79

10−8 mol/L 0.49 0.72 0.99

Contrast 0.51 0.71 1.12
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Correlation of GDFT combined
with rehabilitation therapy in DNA
damage repair of esophageal
cancer cells

Lihua Yan1 and Yajun Ji2*
1Rehabilitation Physiotherapy Department, Central Hospital, Cangzhou, Hebei, China, 2No. 1 Anesthesia
Department, Central Hospital, Cangzhou, Hebei, China

Esophageal cancer is a common malignant tumor with a high incidence and a
serious threat to human health. The treatment of esophageal cancer is a complex
process, which requires the comprehensive use of a variety of treatmentmethods.
At present, the treatment of esophageal cancer mainly includes surgery,
radiotherapy, chemotherapy and immunotherapy. The research on the
treatment of cancer cells based on Goal directed fluid therapy (GDFT)
combined with rehabilitation therapy is the focus of the current society. This
paper proposed a study on DNA damage repair of cancer cells based on goal
directed fluid therapy combined with rehabilitation therapy, aiming to optimize
the traditional treatment of esophageal cancer by using goal directed fluid therapy
technology. The algorithm proposed in this paper was an electroencephalogram
(EEG) signal optimization algorithm based on combined rehabilitation therapy.
Through this algorithm, the electroencephalogram signal could be optimized. The
algorithm could speed up signal processing, and improve signal reliability and
stability by reducing the influence of interference signals and improving the signal
to noise ratio. These optimization measures could better help researchers analyze
and understand electroencephalogram signals, so as to help better study brain
functions and diseases. Through the test and investigation on the treatment of
cancer cells based on goal directed fluid therapy combined with rehabilitation
therapy, the results showed that the blood transfusion volume of goal directed
fluid therapy treatment and conventional treatment was 251.5 mL and 288.3 mL
respectively. This showed that after goal directed fluid therapy treatment, the input
amount of various medical fluids was relatively reduced, and the use of medical
fluids was more economical. In addition, their bleeding volumes were 295.2 mL
and 324.4 mL, respectively. Urine volumewas 382.3 mL and 418.1 mL respectively.
This showed that after goal directed fluid therapy treatment, the patient’s blood
loss and urine volume were relatively reduced, which has improved the patient’s
health. This experiment has proved the excellent ability of goal directed fluid
therapy combined with rehabilitation therapy in the treatment of esophageal
cancer, and this research result has also proved the excellent medical effect of
goal directed fluid therapy technology. Similarly, this paper also provided valuable
reference information for the treatment of esophageal cancer.

KEYWORDS

esophageal cancer, cellular DNA damage repair, goal directed fluid therapy, combined
rehabilitation therapy, EEG signal optimization algorithm
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1 Introduction

In the medical field, esophageal cancer is a common malignant
tumor, which usually occurs on the inner wall of the esophagus. In
recent years, great progress has been made in the treatment of
esophageal cancer, creating opportunities for improving the survival
rate of patients. However, there are still many difficulties in the
treatment of esophageal cancer, such as the standardization of the
scope of surgical resection and lymph node resection, and the early
detection rate of esophageal mucosal and submucosal lesions.
Therefore, the treatment of esophageal cancer needs to be further
optimized and improved. The research direction of this topic is to
use GDFT technology to improve the efficacy of cancer cell therapy.
This study not only optimizes the use of medical fluids in esophageal
cancer data, but also improves the repair effect of DNA damage,
which has made a great contribution to the optimal treatment of
cancer. Therefore, with the help of the current advanced GDFT
technology, the treatment experience and effect of esophageal cancer
can be greatly optimized.

Cancer is a common malignant tumor with high incidence and
poor therapeutic effect. Nowadays,many scholars have conductedmore
scientific research on cancer. Strickler John H pointed out that the
“liquid biopsy” method of cell-free DNA (cfDNA) in the blood of
cancer patients was increasingly used in clinical practice. His research
showed that the frequency of genomic changes detected in cfDNA was
comparable to that observed in three independent tissue based
colorectal cancer sequencing pharmacopoeias. His analysis also
found a group of new extracellular domain mutations that mediated
drug resistance by blocking the binding of anti cellular antibodies
(Strickler et al., 2018). Cai et al. (2017)’s research pointed out that
reversing abnormal DNA methylation and related gene silencing by
inhibiting DNA methyltransferases (DNMTs) was an important
potential cancer treatment method. He not only defined the leading
role of DNA methyltransferase DNMT1, but also defined its different
roles in the maintenance of genome wide DNA methylation. Irianto
et al. (2017) found that the migration of micron scale narrowing broke
the nucleus. By releasing the green fluorescent protein (GFP) located in
the nucleus, he observed that for wild type and subclonalU2OS cells, the
nuclear damage induced by migration was reversible. In addition to the
persistent genomic differences between stable clones revealed by DNA
array and sequencing, the acquisition and loss of hundreds of
megabases in many chromosomes were typical changes and
heterogeneity in bone cancer. Su et al. (2020) believed that accurate
cancer cell recognition and effective treatment were very necessary and
challenging in clinical practice. He reported the first example of DNA
tetrahedral nanostructures (DTNs), real-time monitoring and imaging
of three kinds of intracellular miRNAs based on fluorescence “off” to
“on”mode, and cancer treatment induced by miRNA silencing. DTNs
were self assembled from seven customized single stranded nucleic acid
chains containing three target miRNAs recognition sequences. In
addition, he studied the correlation between inhibiting migration
and invasion of cancer cells and inducing apoptosis of cancer cells,
and predicted that the development of intelligent nano platforms would
open a door for cancer diagnosis and treatment. The above research
topics have studied cancer research frommultiple directions, which has
provided great help for the research work of this paper. However, the
contents of these research papers do not combine cancer research with
GDFT technology. Therefore, further research is needed.

Nowadays, with the rapid development of science and technology, a
variety of intelligent technologies have been applied to multiple cross
cutting research topics. Therefore, GDFT technology can be applied to
the treatment research, which provides more advanced research for
cancer treatment. At present, many scholars have studied the
correlation between liquid therapy technology and cancer. Yin et al.
(2021) studied the correlation between GDFT and the treatment of
adenocarcinoma and tumor. He evaluated somatic mutations,
circulating tumor cells (CTC) and circulating tumor DNA (ctDNA)
in patients with pancreatic ductal adenocarcinoma (PDAC) who had
pathological complete response (pCR) after adjuvant therapy, and
found that they were related to prognosis. In his study, he pointed
out the existence of somaticmutation, CTC and ctDNA even in patients
with pCR to PDAC, which might predict the early recurrence
probability of cancer. Sivakumar et al. (2022) pointed out that
GDFT technology and genome mapping had changed breast cancer
care. His research showed that cancer usually evolved and evaded
therapeutic intervention by acquiring genomicmutations. He examined
tissue and fluid biopsy patients as part of routine clinical care to
characterize the evolution of the tumor and to identify potential
vulnerabilities in the event of recurrence. In general, his research
had provided insights into treatment and selection driven tumor
evolution, and identified a potential combination treatment scheme
for advanced breast cancer. It can be seen from the above research briefs
of various scholars that their research results are of great reference value
and provide a good direction for this study. However, their research also
has some shortcomings. It can be seen that most of their research on
knowledge technology theory, which leads to the lack of practicality and
authenticity of their research results.

Esophageal cancer is a relatively common malignant tumor, and
its incidence rate and mortality increase with age. At present, the
treatment of esophageal cancer is a field that has been widely
concerned by the society, and its development prospects are
good. In addition to surgical treatment, esophageal cancer also
has chemotherapy, radiotherapy and other means, but these can
not cure the tumor, just to prolong the life of patients, and reduce
their pain, thus improving the quality of life. In addition, because the
early symptoms of esophageal cancer are not obvious, many patients
are not found until the disease develops to the late stage. Therefore,
early screening is very important. It is suggested that physical
examination should be carried out in time to make early
diagnosis, early treatment and control of the disease, so as to
avoid serious consequences in the late stage. The innovation of
this paper is to apply GDFT technology to the treatment of
esophageal cancer, which can quickly detect tumor cells, quickly
locate and accurately kill them, thus improving the survival rate and
treatment experience of patients.

2 Treatment of esophageal cancer

2.1 Concept and pathology of esophageal
cancer

Esophageal cancer refers to the cancer of the esophagus, and
refers to the cancerous changes in the tissues of the esophagus.
Esophageal cancer is a fatal cancer. It occurs in the esophagus, which
is a long tube from the throat to the stomach (Adjiri, 2017; Chang
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et al., 2019). Esophageal cancer can affect people’s swallowing of
food and drink, leading to dysphagia, chest pain and vomiting.
Symptoms of esophageal cancer may also include coughing, dry
throat, hoarseness, and throat discomfort. The cause of esophageal
cancer is not completely clear, but there are some factors that may
increase the risk, including smoking, excessive drinking, long-term
exposure to smoke or toxins, eating many pickled foods, suffering
from Egyptian peduncle (an oral cancer), throat infection or asthma.
The treatment of esophageal cancer depends on the extent of cancer
spread and health status. Common treatment methods include
surgery, chemotherapy, radiotherapy and immunotherapy. Early
detection and treatment of esophageal cancer is very important to
improve the survival rate. The pathology of esophageal cancer has
the following categories. Esophageal cancer can be divided into three
types: esophageal adenocarcinoma, esophageal sarcoma and
esophageal neuroendocrine carcinoma.

2.1.1 Esophageal adenocarcinoma
Esophageal adenocarcinoma is a common malignant cancer,

which usually occurs in the middle and lower part of the esophagus
(Sato et al., 2017; Song et al., 2019). It is a cancer caused by gland
cells (cells with secretory function) in the esophagus. The early
symptoms of esophageal adenocarcinoma are often not obvious.
Common symptoms include: throat discomfort, dysphagia,
anorexia, weight loss, cough, dry throat, hoarseness, etc. If these
symptoms occur, patients must seek medical attention as soon as
possible. In order to determine the condition, the doctor may
suggest some examinations, including gastroscopy, CT scanning,
PET (positron emission tomography) scanning, etc., which can help
the doctor understand the condition and decide on the treatment
plan. The treatment of esophageal adenocarcinoma depends on the
severity of the disease. Common treatment methods include surgery,
chemotherapy and radiotherapy. If the condition is mild, only
surgery may be required. If the disease is serious, chemotherapy
and radiotherapy may be combined. The purpose of the operation is
to remove the tumor in order to cure it. Chemotherapy and
radiotherapy are carried out after surgery, aiming to eliminate
cancer cells left in the body to prevent recurrence. The prognosis
of esophageal adenocarcinoma depends on the severity of the
disease. Early detection and treatment can improve the survival
rate. It is recommended that regular physical examination be carried
out to detect and treat esophageal cancer in time.

During the treatment of esophageal adenocarcinoma, patients
may need to receive long-term chemotherapy and radiotherapy,
which may cause a greater burden on the body. In order to reduce
the burden, patients may need to receive nutritional support
treatment to maintain health. In addition, during treatment, the
patient may have difficulty swallowing, which can lead to
malnutrition and weight loss. To solve this problem, the doctor
may suggest that patients use enteral nutrition or gastrointestinal
infusion, or use swallowing aids. In general, the treatment of
esophageal adenocarcinoma is a complex process, which requires
comprehensive consideration of many factors. During the
treatment, the patient needs to closely cooperate with the doctor
and actively cooperate with the treatment. At the same time, they
should also pay attention to their physical health and maintain a
good psychological state to help them cope with the challenges posed
by treatment (Savoli and Bhatt, 2022).

2.1.2 Esophageal sarcoma
Esophageal carcinoma, also known as esophageal sarcoma, is a

relatively common malignant tumor, which occurs in the inner wall
of the esophagus (Short et al., 2017; Ma et al., 2019). The esophagus
is the tube connecting the throat and stomach in the human body,
and food is transported to the stomach through the esophagus
during eating. When esophageal cancer occurs, the tumor grows in
the inner wall of the esophagus and may spread to surrounding
tissues and organs. There are many symptoms of esophageal cancer.
Common symptoms include sore throat, food blockage, cough,
vomiting, anorexia, and significant weight loss. If these symptoms
are found, patients should go to the hospital immediately for
diagnosis and treatment. There are many ways to treat
esophageal cancer, including surgery, chemotherapy,
radiotherapy, and immunotherapy. The specific treatment plan
depends on the specific situation of the patient and the severity
of the tumor. If found and treated in time, the cure rate of esophageal
cancer is high. Therefore, if the above symptoms are found, patients
should go to the hospital immediately for diagnosis and treatment.
In addition to surgery, chemotherapy, radiotherapy and
immunotherapy, nutritional support for patients with esophageal
cancer is also very important. Since patients with esophageal cancer
may suffer from anorexia and significant weight loss, nutritional
support should be paid attention to. Nutritional support includes
oral nutrition liquid, enteral nutrition liquid, parenteral nutrition
liquid, etc. These nutrient solutions are composed of various
nutrients, which can help patients supplement nutrition and
maintain health.

In addition, for patients with esophageal cancer, smoking and
drinking should be avoided as far as possible. Smoking and drinking
are both risk factors of esophageal cancer, which can increase the
risk of esophageal cancer. Therefore, patients should avoid smoking
and drinking as much as possible to reduce the risk of esophageal
cancer. In a word, esophageal cancer is a serious disease. If it is found
and treated in time, the cure rate is high. Therefore, if there are
relevant symptoms, patients should go to the hospital immediately
for diagnosis and treatment.

2.1.3 Esophageal neuroendocrine carcinoma
Esophageal neuroendocrine carcinoma is a rare cancer, which

occurs in the neuroendocrine cells in the esophagus (Sohda and
Kuwano, 2017; Yang et al., 2020). These cells are secreted by
hormones, which can control and regulate digestion, endocrine and
physiological functions. Esophageal neuroendocrine carcinoma is rare,
but when it occurs, it can cause serious problems. The incidence rate of
this cancer is very low, but if not treated in time, it may lead to death.
Symptoms of esophageal neuroendocrine carcinoma may include chest
pain, dyspnea, sore throat, pharyngeal discomfort, dysphagia, neck
mass, weight loss, and weight loss. The diagnosis of this cancer is usually
made by chest X-ray, computed tomography, magnetic resonance
imaging and radionuclide scanning. The treatment of esophageal
neuroendocrine carcinoma may include surgery, chemotherapy,
radiotherapy and targeted therapy. The choice of these treatments
depends on the location, size and expansion of the cancer and the health
of the patient. If esophageal neuroendocrine carcinoma is diagnosed
and treated early, the survival rate of patients may be higher. Therefore,
if one has the above symptoms, please consult doctors for help as soon
as possible.
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During the treatment of esophageal neuroendocrine carcinoma,
patients may need to receive supportive treatment to help them cope
with the side effects of treatment and improve their quality of life.
These supportive treatments may include nutritional support, pain
management, psychological support and lifestyle intervention. It is
an important part of the treatment of esophageal neuroendocrine
carcinoma to keep close communication with doctors. Patients
should discuss treatment options and expected results with
doctors, and report any problems or concerns during treatment.
In general, esophageal neuroendocrine carcinoma is a rare but
serious disease. Early diagnosis and treatment can improve the
survival rate and prognosis of patients. It is recommended to
consult doctors for more information and treatment options on
esophageal neuroendocrine carcinoma.

The pathological classification of esophageal cancer is shown in
Figure 1.

2.2 DNA damage

DNA damage refers to the damage to DNA molecules. DNA
molecule is the genetic material of cells, responsible for storing and
transmitting genetic information. When DNA is damaged, it may
lead to the loss or change of genetic information, leading to cell
function defects or cell canceration. DNA damage may be caused by
many different factors, including chemical damage, physical damage
and biological damage. Chemical damage may come from natural or
man-made chemical substances. Physical damage may come from
radiation or high temperatures. Biological damage may result from
bacterial or viral infection. If DNA damage cannot be repaired, the
following consequences may result.

2.2.1 Physiological function disorder
Cell proliferation refers to the process of cell division and is the

basis of cell growth and organism growth. When cell proliferation
decreases, it may lead to genomic instability. Genome refers to the
combination of all genes of an organism, which endows the
organism with characteristics, morphology and functions. When
the genome is unstable, it may lead to changes in genes in cells,
which may lead to physiological dysfunction. These physiological
disorders may include physical development disorder, immune

function disorder, metabolic function disorder, etc. In addition,
when cell proliferation decreases, leading to genomic instability and
physiological dysfunction, many different symptoms may occur.
These symptoms may include weight loss, fatigue, anemia, skin
itching, immune dysfunction, etc. If treatment cannot be carried out
in time, this situation may lead to more serious consequences, even
life threatening (Zhao et al., 2021). In order to avoid this, it is
recommended to maintain a healthy lifestyle, including a balanced
diet, proper physical exercise and avoiding harmful factors in the
natural environment, such as radiation and pollution. If people find
any abnormal symptoms, they should go to a doctor as soon as
possible so that they can get treatment in time.

2.2.2 Cell death
DNA is a kind of information carrier in organism, which stores

the genetic information of organism. DNA damage is very common
in cells, which can be caused by many factors, including radiation,
toxins and other environmental pressures. When DNA is damaged,
it may not be able to perform its function normally, which may lead
to abnormal signal transmission. Signal transduction is a kind of
communication mechanism in organism, which enables
information in cells to be transmitted to cells through signal
transduction, so as to coordinate cell activities. When DNA is
damaged, it may lead to abnormal signal transmission, which
means that information in cells cannot be transmitted normally.
This abnormal signal transduction may lead to cell death. Cell death
refers to the process in which cells stop living and gradually
decompose. Generally speaking, cell death is a normal
physiological process. However, if it occurs excessively, it may
lead to tissue damage or disease. In the case of abnormal signal
transduction caused by DNA damage, cells may die because they
cannot receive the necessary signals. This cell death may lead to a
decline in tissue function and may, in some cases, lead to disease. On
the other hand, if the DNA damage response pathway is overactive
or dysfunctional, it may also lead to cell death or other negative
results. In general, signal pathways involved in DNA damage
response play a crucial role in maintaining genome integrity and
ensuring cell survival. The maladjustment of these pathways has
serious consequences for the health of organisms.

2.2.3 Abnormal cell proliferation and metabolism
DNA is a macromolecule, which stores the blueprint of

biological genetic information. This information is contained in
DNA sequences and guides protein synthesis through transcription
and transformation. Cells usually have the ability to repair DNA
damage. However, if the DNA damage is too much or the repair
mechanism is damaged, this may lead to abnormal gene expression,
and then lead to abnormal cell proliferation and metabolic
abnormalities. When DNA is damaged, these information may be
changed or destroyed, which may lead to abnormal gene expression.
Abnormal gene expression refers to changes in the level of gene
activity, which may lead to abnormal cell proliferation and
metabolic abnormalities. For example, if the expression level of a
gene is too high or too low, it may lead to abnormal cell proliferation,
leading to tumor formation. Similarly, if abnormal gene expression
leads to changes in the activity of some enzymes, this may lead to
abnormal metabolism and have a negative impact on the health of
organisms.

FIGURE 1
Pathological classification of esophageal cancer.
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In general, DNA damage has a huge impact on human health. As
the genetic material of cells, DNA stores the genetic information of
all cells and guides how cells divide, grow and function. Finally, in
the long run, when DNA is damaged, cells may not function
normally, which may lead to a series of problems, including
aging, tumors and diseases.

The consequences of DNA damage are shown in Figure 2.

2.3 Cancer treatment and DNA damage
repair

Cancer treatment refers to the treatment of patients with cancer,
aiming to inhibit or eliminate the growth and reproduction of cancer
cells (Kopinski et al., 2021). Cancer is a disease caused by DNA
damage. Therefore, one of the ways to cure cancer is to eliminate
cancer cells by repairing DNA damage. DNA damage repair means
that after DNA damage occurs, the repair mechanism in the cell can
repair and restore DNA to its original state. This repair process can
be implemented in many ways, such as direct repair, alternative
repair, and deletion after repair. These repair mechanisms are
completed by special repair enzymes, such as multifunctional
repair enzymes and transferases. DNA damage repair is also
widely used in cancer treatment. For example, chemotherapy
drugs damage DNA. Therefore, in the process of chemotherapy,
the DNA damage repair mechanism in cells plays an important role
to protect cells from damage. In addition, some drugs can also
directly act on the DNA damage repair mechanism to make it more
effective. DNA damage repair is an important biological process,
which is carried out in cells to repair DNA damage, so as to protect
the integrity of the genome and the normal function of cells. In the
treatment of cancer, DNA damage repair can start from the
following aspects.

2.3.1 Blocking repair pathway
Blocking of repair pathway refers to the process of blocking

DNA repair pathway with drugs or other methods. This method
allows drugs to kill cancer cells more effectively, because cancer cells
usually have higher DNA repair capacity than normal cells. For
example, PARP (Poly ADP-ribose Polymerase) inhibitors can block
the activity of PARP repair pathway, which is a method commonly
used to treat breast cancer and ovarian cancer. PARP is a protein
that plays an important role in DNA repair process and is usually
used by cancer cells to repair DNA damage. Therefore, the blocking
of PARP repair pathway can make drugs more effective in killing
cancer cells. Another commonly used method to block the repair
pathway is to use TOPO II inhibitors, which is a method used to
treat leukemia and tumor. TOPO II is a protein that plays an
important role in DNA repair. Therefore, the blocking of TOPO
II repair pathway can make the drug more effective in killing cancer
cells. In general, the blocking of the repair pathway is an effective
way to treat cancer, which can make drugs more effective in killing
cancer cells, but may also lead to side effects, so it needs to be used
with caution (Arslan and Koyuncu, 2021).

2.3.2 Activating repair path
The activation of repair pathway refers to the process of

activating DNA repair pathway by drugs or other methods. This
method can help normal cells better repair DNA damage, thereby
reducing the risk of cancer. For example, ATM (Ataxia telangiectasia
mutated) activator can activate ATM repair pathway, which is a
method commonly used to prevent cancer and promote DNA
repair. ATM is a protein that plays an important role in DNA
repair and is usually used by normal cells to repair DNA damage.
Therefore, the activation of ATM repair pathway can help normal
cells better repair DNA damage, thereby reducing the risk of cancer.
Another common way to activate the repair pathway is to use DNA
repair enzymes to directly repair DNA damage, which in some cases
can help reduce the risk of cancer. In general, activation of the repair
pathway is an effective way to prevent cancer, which can help
normal cells better repair DNA damage. However, there are not
enough studies to prove its effectiveness in the treatment of cancer.

2.3.3 Taking advantage of weaknesses in the repair
approach

The weakness of the repair approach refers to the method of
treating cancer by using the loopholes or defects of the repair
approach. This method is based on the fact that cancer cells
usually have higher DNA repair capacity than normal cells.
Therefore, in some cases, the use of weaknesses in the repair
pathway can be exploited to make drugs more effective in killing
cancer cells. For example, BRCA (breakthrough cancer susceptibility
gene) mutation leads to defects in BRCA repair pathway. Therefore,
BRCA mutated cancers may be sensitive to PARP inhibitors. PARP
inhibitors are drugs that can block the repair pathway of PARP.
Therefore, the use of the weakness of BRCA repair pathway can
enable PARP inhibitors to kill cancer cells more effectively. Another
common way to exploit the weaknesses of the repair pathway is to
use DNA repair enzyme mutants. These enzyme mutants have
higher efficiency than normal enzyme mutants in repairing DNA
damage, so they can be used to treat certain types of cancer. In
general, the use of the vulnerability of the repair pathway is an

FIGURE 2
Consequences of DNA damage.
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effective way to treat cancer, but further research is needed to
determine its effect in different situations. In general, there is an
inseparable relationship between cancer treatment and DNA
damage repair, and the effectiveness of DNA damage repair is
one of the important factors determining the effect of cancer
treatment. Through in-depth study of the mechanism of DNA
damage repair, more effective drugs and therapies can be
developed to improve the efficiency of cancer treatment. In
addition, DNA damage repair may also be related to some other
diseases, such as hereditary diseases, senile diseases, etc. Therefore,
the research on DNA damage repair is not only helpful to improve
the efficiency of cancer treatment, but also may provide new
therapeutic methods and ideas.

The DNA damage repair method is shown in Figure 3.

3 GDFT combined with rehabilitation
therapy technology

3.1 Target oriented liquid therapy

Targeted liquid therapy is a medical technology, which aims to
use liquid or gas to directly inject drugs or other substances into
specific target areas of the body to treat certain diseases or restore
body functions. This technique is often used to treat diseases in
organs or tissues, such as tumors, inflammation or infections.

In target oriented liquid therapy, doctors use imaging
technology (such as ultrasound, magnetic resonance imaging or
computed tomography) to help determine the location of the
treatment target area. Then, the doctor makes a small incision in
the skin and uses a guide to inject drugs or other substances into the
target area. In some cases, it may be necessary to use multiple
imaging techniques to help doctors locate the target area more
accurately. Other equipment, such as a liver separator or liver cancer

treatment device, may also be needed to help inject drugs into the
target area. Targeted liquid therapy may be used to treat various
diseases, including tumor, inflammation, and infection. It may also
be used to restore body functions, such as improving liver function
through injections of drugs or promoting blood circulation through
injections. The advantages of goal oriented liquid therapy include
accuracy and pertinence. Because the drug is directly injected into
the target area, it can reduce the impact on other parts and reduce
the risk of side effects. However, this technology also has some
limitations. For example, it may not be suitable for some diseases, or
it needs to use special equipment for treatment.

In the goal oriented liquid therapy, doctors use certain liquid drugs,
such as biological agents with precise formula and use, to directly treat
specific diseases of patients. This method can reduce the damage to
other healthy tissues andmake the drugmore effective. In addition, goal
oriented liquid therapy mainly guides liquid therapy through “fluid
response.” Liquid reaction refers to the chemical reaction between drugs
and cells, tissues or organs in the human body. These reactionsmay lead
to changes in the mechanism of action, bioavailability or toxicity of the
drug. For example, when a drug enters the human body, it may react
with some enzymes or proteins to change the mechanism of action of
the drug. These liquid reactions can be studied through chemical
analysis, biological experiments or pharmacological experiments. In
addition, the fluid response is to observe the changes of cardiac output
and other indicators after a certain volume of fluid is given to the body.
If cardiac output increases, fluid infusion continues, otherwise, it stops.

The Frank Starling curve of liquid reaction is shown in Figure 4.

3.2 EEG signal optimization algorithm based
on combined rehabilitation therapy

EEG signal is the physiological signal of human brain, which can
reflect human cognitive activity, emotional state, memory, attention

FIGURE 3
Pattern of DNA damage repair.
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level, and other information. The optimization algorithm of EEG
signal usually refers to the method of processing, analyzing and
visualizing EEG signal to improve signal quality, and enhance
information content and signal interpretability.

In order to ensure the accuracy of EEG signals, it is necessary to
denoise EEG signals. Since the signal has been processed by power
frequency denoising, low-pass filtering and baseline removal, this
section directly removes the adaptive eye artifacts.

First, three channel signals (o1, o2, and o3) are used for image
artifact removal. The calculation formula is as follows:

a t( ) � j t( ) + o1 t( ), o2 t( ), o3 t( ){ }b (1)
Among them, a(t) represents a certain EEG channel signal. j(t)

represents the filtered value of this channel. b represents the weight
of EEG artifacts on this channel. The filtering model of multi-
channel EEG signal can be expressed as:

AT*M � JT*M + OT*N*B (2)
Among them, EEG signal A and filtered EEG signal J have M

channels respectively, and the length of each channel is T. The
ophthalmic noise O has N channels, and B represents the channel
weight.

Therefore, the filtered target signal can be expressed as:

J � A − OB (3)
At the same time, the left and right sides calculate the covariance

of the noise matrix to obtain the formula:

Cov O, J( ) � Cov O, A −OB( )( ) (4)
Since signal J and noise O are independent, their cross

covariance is zero. Therefore, the weight B can be expressed as:

B � DNN*DNY (5)
Among them, DNN is the autocovariance matrix of EEG signal, and
DNY is the cross covariance matrix of EEG signal.

Through the above algorithm formulas, EEG signals can be
optimized. EEG signal optimization algorithm is a technology used
to improve the quality of EEG signal. It improves the accuracy and
clarity of EEG signals by reducing the influence of interference

signals, improving the signal to noise ratio, speeding up signal
processing, improving the reliability and stability of signals, and
reducing the noise of EEG signals. These optimization measures can
better help researchers analyze and understand EEG signals, so as to
help better study brain functions and diseases.

4 Implementation and testing of
esophageal cancer treatment based on
GDFT combined with rehabilitation
therapy technology

4.1 Testing of EEG signal optimization
algorithm based on combined rehabilitation
therapy

After the EEG signal optimization algorithm based on combined
rehabilitation therapy is proposed, it can not only rely on theory, but
also need to test the calculation effect of the algorithm in practical
use. This experiment tests the traditional EEG signal algorithm and
the EEG signal optimization algorithm based on the combined
rehabilitation treatment.

First, the measurement accuracy of these two algorithms for
common EEG waves need to be counted: Delta, Theta, Alpha, Beta
and Gamma. The test results are shown in Table 1.

It can be seen from the test results in Table 1 that the
measurement accuracy of EEG signal optimization algorithm
based on combined rehabilitation treatment for various EEG
signals is higher than that of traditional EEG signal algorithm.
Among them, the biggest difference in measurement accuracy is
the beta EEGmeasurement. The measurement accuracy of beta EEG
by traditional EEG signal algorithm and EEG signal optimization
algorithm based on combined rehabilitation treatment is 88.2% and
94.8% respectively, with a difference of 6.6%.

In addition, it is also necessary to investigate the measurement
error rate of these two algorithms in a long running environment.
The results are shown in Figure 5.

It can be seen that the measurement error rates of these two
algorithms are increasing when running for a long time. However, it
can be seen that the measurement error rate of the traditional EEG
signal algorithm in each run is greater than that of the EEG signal
optimization algorithm based on combined rehabilitation therapy.
When the number of runs is 150, the measurement error rates of
these two algorithms are 5.74% and 4.72% respectively. Through
these tests, it can be shown that the EEG signal optimization
algorithm based on combined rehabilitation therapy has better
performance.

4.2 Experiment based on GDFT combined
with rehabilitation technology in the
treatment of esophageal cancer

4.2.1 Experimental direction
The research direction selected in this paper is to test the effect of

GDFT combined with rehabilitation technology in the treatment of
esophageal cancer, and its therapeutic effect on esophageal cancer
patients is explored.

FIGURE 4
Frank starling curve of liquid reaction.
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4.2.2 Experiment content
Adults who are selected for esophageal cancer surgery are

randomly divided into two groups. During the operation, the
patients are treated with GDFT and conventional therapy, and
their physical conditions are observed.

4.2.3 Experimental methods
In this survey, the comparative survey mode is adopted to ensure

the scientific and effective experiment.

4.2.4 Experimental results
First, two groups of patients with esophageal cancer are selected

and their basic information is collected for statistics, as shown in
Table 2.

From the basic information of esophageal cancer in Table 2, it
can be seen that the gender ratio, average age, average body mass
index and average EEG bispectral index of the GDFT treatment
group and the conventional treatment group are very close. This
shows that the basic information gap between the two groups of

TABLE 1 Measurement accuracy of EEG.

Traditional brain-wave signal
algorithm (%)

Optimization algorithm of brainwave signal based on combined
rehabilitation therapy (%)

Differential
value (%)

Delta 88.6 94.8 6.2

Theta 89.4 94.1 4.7

Alpha 90.8 95.2 4.4

Beta 88.2 94.8 6.6

Gamma 90.2 95.2 5.0

FIGURE 5
Operation error diagramof two algorithms. (A)Operation error diagramof traditional EEG signal algorithm. (B)Operation error diagram of EEG signal
optimization algorithm based on combined rehabilitation therapy.
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patients with esophageal cancer is small, ensuring the authenticity of
the follow-up experiment.

During the investigation, first of all, the liquid intake and output
of these two treatment technologies during treatment are
investigated. The results are shown in Figure 6.

It can be seen from Figure 6 that in the treatment of esophageal
cancer patients, the crystal input volume of GDFT treatment and
conventional treatment is 1,684.6 mL and 1841.2 mL respectively,
and their colloid input volume is 1,425.7 mL and 1,657.2 mL
respectively. In addition, their blood transfusions are 251.5 mL

and 288.3 mL, respectively. This shows that after GDFT
treatment, the input amount of various medical fluids is relatively
reduced, and the use of medical fluids is more economical. In
addition, there is a comparison of liquid output. Their bleeding
volume is 295.2 mL and 324.4 mL respectively, and their urine
volume is 382.3 mL and 418.1 mL respectively. This shows that after
GDFT treatment, the patient’s blood loss and urine volume are
relatively reduced, which improves the patient’s health.

After that, the DNA damage repair of the patient needs to be
investigated after using the two treatment schemes. poly adp-ribose

TABLE 2 Comparison of basic information of two groups of patients before treatment.

GDFT treatment group Conventional treatment group

Gender ratio (male/female) 52.8% 53.2%

Average age(year) 52.7 52.5

Average BMI(body mass index) (kg/m2) 22.32 22.66

Average BIS(Bispectral index) 97.56 97.84

FIGURE 6
Fluid input and output of two groups of patients during treatment.

FIGURE 7
DNA damage repair of two groups of patients.
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polymerase (PARP) can detect single strand breaks in DNA and
initiate DNA damage repair reaction. Once single strand breaks are
detected, PARP combines with DNA and starts to generate PAR
chains as signals for other DNA repair enzymes. The test results are
shown in Figure 7.

According to the data in Figure 7, it can be seen that the number
of PAR chains in these two groups of patients decreases with the
increase of treatment days after the use of GDFT treatment and
conventional treatment. Their PAR chains have decreased from 3.68
* 10-6ug and 3.69 * 10-6ug to 3.21 * 10-6ug and 3.37 * 10-6ug,
respectively. This shows that these two groups of treatment
technologies can effectively treat patients’ DNA damage. In
addition, it can be seen from the figure that the number of PAR
chains in the GDFT treatment group is significantly reduced, which
proves that GDFT treatment is more effective in repairing DNA
damage.

5 Conclusion

Combined rehabilitation therapy is a comprehensive
rehabilitation treatment method that integrates behavior
correction, drug therapy and physical therapy to help patients
overcome bad behavior habits and improve the quality of life.
The combined rehabilitation treatment includes several aspects:
exercise, sleep, stress management, diet management and
emotion management, which help to improve the quality of life,
and eliminate psychological stress to improve social support, so that
patients can better cope with the challenges brought by the disease,
and eventually recover to a good state of life. The rehabilitation
therapy based on GDFT has a very excellent effect in the treatment
of esophageal cancer, and its experimental effect is very significant in
the real medical environment. In addition, the EEG signal
optimization algorithm proposed in this paper based on the
combined rehabilitation treatment also had a good effect. It has
been proved through experiments that after using the EEG signal
optimization algorithm based on combined rehabilitation therapy,
the accuracy of various EEG measurements has been effectively
improved. According to a variety of experimental results, the
combination of GDFT and rehabilitation technology had
excellent medical effect in the treatment of esophageal cancer.

After using the combined rehabilitation technology based on
GDFT, the fluid intake and output of the patients were
optimized. In addition, it also had excellent repair effect on DNA
damage. In conclusion, this paper clearly discussed the good
therapeutic effect of GDFT combined with rehabilitation therapy
in esophageal cancer, which has provided a favorable research
direction for cancer treatment.
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Prognostic analysis of
inflammatory response-related
genes and biomarkers in patients
with urothelial carcinoma of
ureter

Huaian Chen, Shuo Liu*, Xiujun Li, Zhe Wang and Chao Zhang

First Affiliated Hospital of Hebei North University, Zhangjiakou, Hebei, China

Ureteral urothelial carcinoma is a common urinary system tumor, accounting for
40% to 60% of all ureteral diseases. This study attempted to analyze the
prognosis of patients with urothelial carcinoma, judging ureteral urothelial
carcinoma by genes and biomarkers of inflammatory response. In this paper,
co-expression network analysis and gene-based image fusion evaluation
methods were proposed to obtain the prognosis results of patients with
ureteral urothelial carcinoma. The experimental results showed that the levels
of PLR and NLR increased, and the levels of HGB and HCT decreased; high PLR
and high NLR levels, low HGB and low HCT levels were all risk factors affecting
bladder urothelial carcinoma, and their ratios (OR) were 1.023, 1.611, 0.961,
0.859, 1.015, 1.072, 0.979, and 0.951, respectively. However, high PLR and high
NLR levels were independent risk factors for bladder urothelial carcinoma, and
their OR values were 1.497 and 1.071, respectively. Through biomarker diagnosis,
the area under the curve, sensitivity, specificity and Youden index of hsa-mir-17,
hsa-mir-93, hsa-mir-429 and hsa-mir-20a all exceeded 0.9, indicating that this
is a potential diagnostic indicators. All in all, during the treatment of ureteral
cancer, in order to reduce tumor recurrence, systemic therapy should be
combined with ureteral cancer. In addition, this study also analyzed the
prognosis of chemotherapy patients, and the results showed that
immunotherapy may increase the risk of tumor cell reperfusion during
chemotherapy.

KEYWORDS

patients with urothelial carcinoma of ureter, inflammatory reaction, related genes,
prognostic analysis, image fusion

1 Introduction

Epithelial carcinoma of the urinary tract is a cancer that occurs in some epithelium
covering the urinary tract. If all covered epithelial tissues are exposed to urine for a long
time, it is very likely to be affected by carcinogenic factors in urine to form cancer.
Although urothelial carcinoma and cystourethropathy have the same cell origin, the two
have completely different biological manifestations and prognosis. Upper tract urothelial
carcinoma is a relatively rare heterogeneous cancer, but the incidence of upper tract
urothelial carcinoma in China has increased rapidly in recent years, and the number of
related reports has gradually increased. In the nearly 30 years from 1973 to 2005, the
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overall incidence of upper urinary tract urothelial carcinoma in
China has increased steadily, which is mainly related to the
increase of ureteral carcinoma. Ureteral carcinoma used to be
one of the rarest urological neoplasms, accounting for only about
one percent of all urothelial malignancies. In recent years, due to
the improvement of detection methods and the growth of people’s
lives, the incidence rate is also increasing. The prognosis of ureteral
cancer is poor, and the five-year survival rate is about 41%–67%.
This is mainly related to the thinner wall of the ureter, the richer
lymphatic drainage near it, the easy penetration of cancer cells
through the muscle layer, and the invasion and movement that can
be caused. Although there are various treatment methods for
urothelial carcinoma of the ureter, in general, the 10-year
survival rate of most patients after diagnosis is still very low,
and only about 20%–30% of patients can survive for more than
10 years. Most of these patients have a poor prognosis, and their 5-
year survival rate is only 15%. Among tumor-associated
inflammatory response pathway genes, about 50% of the data
were concentrated in patients with urothelial carcinoma.
Therefore, studying and analyzing the expression of
inflammation-related genes associated with ureteral carcinoma
is of great significance for determining the prognosis of
patients. This article analyzes the prognosis of patients with
urothelial carcinoma of the ureter through inflammatory
response genes and biomarkers in order to make certain
contributions to the treatment of urothelial carcinoma of the
ureter.

Based on the existing research results, various scholars have
carried out relevant research on Urothelial Carcinoma of Ureter:
Ureteral fibroepithelial polyp is a rare benign lesion, and it is a
good diagnostic index. Bansal Devanshu reported a case of severe
hematuria in a 56-year-old woman. After a preliminary
examination, she was diagnosed with lower ureteral carcinoma
and underwent surgery (Bansal et al., 2022). Small cell carcinoma is
a common type of neuroendocrine cancer, mostly found in the
lung, accounting for about 20%–30% of all lung cancers. A few are
outside the lung, accounting for about 0.1%–0.4% of all small cell
carcinomas. Extrapulmonary small cell carcinoma may appear in
multiple organs of the body, while small cell carcinoma of the
urinary tract is not uncommon in clinical practice. However,
sporadic case reports have also been reported in recent years,
and primary small cell carcinoma of the ureter is even rarer. Yang
et al. (2019) studied the cases of patients with primary ureteral
small cell carcinoma after kidney transplantation, and then the
other side of the ureter and bladder with primary urothelial
carcinoma. The purpose of Alessandro et al. (2020) is to
explore the clinical diagnosis and prognostic value of upper
tract urothelial carcinoma. A total of 6,619 cases were identified
in the surveillance, epidemiology and final result prevalence
database, including 3,719 cases of renal pelvis involvement and
2,971 cases of ureteral involvement. Alessandro et al. (2020)
evaluated predictors of surgical technique. However, these
scholars lacked certain technical demonstrations on the
exploration of urothelial ureteral carcinoma. After research, it
was found that genes related to inflammatory response have
certain research value on the prognosis of urothelial ureteral
carcinoma. For this, relevant literature on inflammatory
response was consulted.

Some scholars also have some research on inflammatory
response: Mori et al. (2021) explored the prognostic role of
preoperative systemic immune inflammatory index in patients
with upper tract urothelial carcinoma undergoing radical
nephroureterectomy. Itami et al. (2019) evaluated the clinical
relevance of a comprehensive preoperative assessment of
inflammatory, nutritional, and muscle markers in patients with
upper tract urothelial carcinoma undergoing therapeutic
nephroureterectomy. Chen et al. (2021). evaluated the
significance of indicators related to inflammation in predicting
the prognosis of ureteral carcinoma. However, these scholars did
not analyze the prognosis of patients with Urothelial Carcinoma of
Ureter based on inflammatory response-related genes and
biomarkers, but only discussed it from a superficial level.

In this paper, the following conclusions are drawn by
analyzing the prognosis of patients with Urothelial Carcinoma
of Ureter: Ureteral cancer should be combined with systemic
therapy to reduce its recurrence rate. On this basis, it is necessary
to conduct an in-depth discussion on its related genes and its
influence on the recurrence rate and prognosis of ureteral
tumors.

The innovations of this paper are as follows: 1) To explore the
detection methods of ureteral cancer, study the gene co-expression
network analysis and propose an image fusion evaluationmethod; 2)
Based on this, the simulation analysis of the prognosis experiment of
patients with urothelial carcinoma of the ureter was carried out.

2 Prognostic analysis method of
inflammatory response-related genes
in patients with urothelial carcinoma of
ureter

2.1 Detection and prognostic analysis of
ureteral carcinoma

The preoperative diagnosis of ureteral carcinoma mainly relies
on imaging, endoscopy and histopathological examination. At
present, there are mainly B-ultrasound, intravenous urography
(IVU), retrograde radiography, spiral CT urography (CTU),
fluorescence in situ hybridization (FISH), ureteroscopy, etc.
(Mounsif et al., 2019; Petros et al., 2021). Ureteral tumor refers
to the tumor occurring in the ureter, which can be divided into
benign tumor and malignant tumor according to its nature.
Figure 1 shows the auxiliary examination for ureteral cancer. In
the past, the auxiliary examination of ureteral cancer mostly relied
on IVU and retrograde angiography, but due to the development of
imaging and imaging techniques, such as CTU, urologists can
more directly observe ureteral tumors (Wang et al., 2018; Takashi
et al., 2020). CTU has advantages that other auxiliary examinations
do not have: 1) In coronal and sagittal three-dimensional
reconstruction of the urinary tract, it can comprehensively and
intuitively display the entire tortuous course of the upper urinary
tract, greatly increasing the diagnostic accuracy of renal and
urothelial malignant tumors. 2) Compared with IVU, CTU has
a diameter of less than 15 mm and a mass that is covered by the
superposition of gas. Therefore, the diagnostic sensitivity and
accuracy of CTU for ureteral transitional cell carcinoma can be
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as high as 89%–100%. 3) CTU can not only show tumors growing
on the surface of the ureter, but also infiltrating and growing
tumors, and even lead to stenosis and atresia of the ureteral lumen,
which is not available in B-ultrasound and IVU (Wang et al., 2019;
Ren et al., 2021). 4) CTU can display fat tissue around the renal
pelvis and ureter, enlarged lymph nodes, distant metastasis, etc.,
and can make a correct diagnosis of clinical staging, laying the
foundation for preoperative evaluation. 5) CTU is divided into
arterial phase, venous phase, and excretion phase. Compared with
other auxiliary examinations, more imaging data can be obtained,
which is helpful to improve the accuracy of clinical diagnosis.
Spiral CT urography is a continuous volume scan performed
during the peak period of contrast agent excretion by injecting
contrast agent. The obtained image is processed by computer to
obtain a three-dimensional representation of the urinary tract.
CTU has become an important means of diagnosing ureteral
tumors.

Changes in lifestyle such as smoking and drinking are the main
factors affecting the prognosis of patients with ureteral cancer
(Chang et al., 2021; Zhou et al., 2022). The survival analysis of
patients with ureteral cancer found that the prognosis of smokers
was worse than that of women (Sebastiano et al., 2019; Teruo et al.,
2020). The study also found that there were certain differences in
lifestyle changes of patients with ureteral cancer at different stages.
In conclusion, we can see from the influence of the above factors that
we should pay attention to the prognostic evaluation of ureteral
cancer in clinical practice.

Because the age of the incidence of ureteral cancer is younger
in clinical practice, and the location of the incidence is mostly

between the bladder and the kidney, early diagnosis and
treatment effect are very important (Nir et al., 2020).
Clinically, it is necessary to comprehensively analyze and
evaluate the tumor stage and pathological classification, the
relationship between stage and clinical prognosis, and the
prognosis between different stages, so as to obtain the best
treatment plan suitable for the patient’s condition. In
addition, for the elderly patients with ureteral cancer or those
with family history and early onset of ureteral cancer, surgery or
chemotherapy should be carried out as far as possible to avoid
death due to deterioration of the condition. Since the incidence
rate of ureteral cancer ranks first among the malignant tumors of
the urinary system, it is very important to choose the treatment
strategy for this disease.

2.2 Gene co-expression network analysis

Since the data of the network module is easily disturbed by
outlier data, it is important to ensure the reliability of the results of
the subsequent gene co-expression system network analysis. First of
all, the information must be preprocessed to control the quality of
the data, so all outlier sample information must be cleared before the
establishment of the gene co-expression system. The inter-array
correlation (IAC) coefficient plot can be used to assess the spread of
chip data, the sample clustering dendrogram, the IAC distribution
line graph, and the average IAC scatter point curve to evaluate the
degree of data outlier can also be used, and the data that is obviously
scattered should be deleted.

FIGURE 1
Auxiliary examination for ureteral cancer.
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WGCNA (Weighted Gene Co-Expression Network Analysis) is an
Internet technical analysis package for weighted genome co-expression,
which can be used to discover template resources and module hub
genomes in chip resources. In this package, concepts such as module,
eigenvector gene, module identity, gene significance, module
significance, hub gene, etc. are defined. The template refers to a
group of genomes with similar expression profiles, which can
indicate that their genomes are highly related in various functions.
The characteristic vector genome refers to the first principal component
genome that can represent the expression levels of all genes in amodule.
The template identity refers to the similarity between the expression
profile of each gene and a characteristic vector gene expression profile.
The significance of the genome refers to the relative value of the p-value
of the significance test of the differential expression of the genome
between a genome and different groups of clinicopathological
characteristics, which is used to reflect the degree of correlation
between the genome and external signals. The significance of the
template refers to the average of the gene significance of each gene
group involved in the module, which can indicate the high correlation
between the module and some clinical application signals. The central
genome refers to a group of key genes with the largest connection in a
certain model, and it can also be called the most important gene group
in a certain model. It determines the important characteristics of the
template to a certain extent, and the hub genome in establishing and
describing the network model is usually more biologically meaningful.

2.3 Image fusion evaluation

Medical imaging, also known as image acquisition, image
conversion, image visualization, etc., refers to the use of image
scanners to obtain image data non-invasively, and to provide
information such as contrast, brightness, and details of images
based on image technology. Current medical imaging acquisition
modes include: ultrasound, computed tomography (CT),
magnetic resonance imaging (MRI), positron emission
computed tomography (PET), single photon emission
computed tomography (SPECT), etc.

CT images use attenuation coefficients to measure tissue density,
which is an important anatomical data. CT images show that the
bone image is clear, so the bones and contrast-enhanced blood
vessels can be clearly distinguished. However, its performance on
soft tissue lesions is limited due to the high cost of high-density in
vivo detection, which may adversely affect its molecular imaging.
MRI is the rotational imbalance produced by the hydrogen protons
in the human body in a strong magnetic field. This technology can
accurately display the blood perfusion of different tissues, and can
clearly reflect the imaging features of soft tissues. However, its gray
level distribution is still non-uniform. At the same time, due to the
different types of scanning equipment in different regions, there are
certain differences in their intensity values. Both PET and SPECT
are imaging techniques for visualizing radioactive material. PET
imaging can be performed over a dynamic range, for example, in
temporal sequences of two-dimensional images of active regions of
the brain. SPECT uses a narrow-span collimator, and its imaging has
high spatial resolution, but it lacks in sensitivity compared with PET.

In order to further treat patients with urothelial carcinoma of the
ureter, it is necessary to analyze the images of the patient’s site. The

subjective evaluation refers to the analysis of the advantages and
disadvantages of the fusion algorithm, such as image distortion,
internal details, etc., using the researcher’s reasoning. In terms of
image fusion, the subjective evaluation method is simple and
reliable. However, due to the influence of the surrounding
environment, there are great differences in people’s mental state and
vision level, so the evaluation accuracy of the image is not high. For this
reason, researchers judge the quality of image fusion on the basis of
comprehensive evaluation and objective evaluation. Figure 2 shows the
application of medical image fusion in Urothelial Carcinoma of Ureter.

At present, in order to test the clarity and validity of images
output by urothelial carcinoma of the ureter, scholars have proposed
many indicators of image parameters. For the above evaluation
indicators, some representative evaluation indicators can be selected.
The public variables included in the following formulas are as
follows: OG is the fused image, and OT is the reference image,
and Z and M are the width and height of the image respectively.

2.3.1 Entropy (EN)
As EN increases, the information in the fused image also

increases. EN can be represented by the following formula.

EN � −∑A−1
o�0 q o( )log 2q o( ) (1)

where o is the gray level and q(o) is the probability associated with o.

FIGURE 2
Application of medical image fusion in Urothelial Carcinoma of
Ureter.
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2.3.2 Gradient index (W)
The output range of W is between [0,1]. When the output is

close to 1, clear image boundary information can be obtained. W can
be represented by the following formula.

W � ∑Z
o�1∑M

k�1 WO1OG o, k( )EO1 o, k( ) +WO2OG o, k( )EO2 o, k( )( )∑Z
o�1∑M

k�1 EO1 o, k( ) + EO2 o, k( )( ) (2)

where E is a sliding window with a fixed size.

2.3.3 Average gradient (AVG)
The larger the AVG value, the better the quality of the fused

image.

AVG � 1
ZM

∑Z

o�1∑M

k�1

��������������������
∇O2

Gc
o, k( ) + ∇O2

Gu
o, k( )

2

√
(3)

where ∇O2
Gc
(o, k) is the first-order difference of OG in the c

direction, and ∇O2
Gu

is the first-order difference of OG in the u
direction.

2.3.4 Mutual information (MI)
MI refers to the further extraction of information such as image

details and textures based on the intensity similarity between the OT

image and theOG image.MI can be represented by the following formula.

MI � ∑Z

o�1∑M

k�1jOTOG
o, k( ) × log 2

jOTOG
o, k( )

jOT
o, k( )jOG

o, k( )( ) (4)

where jOTOG
is the joint gray level histogram of OT and OG.

TABLE 1 Experimental object data.

Gender Number of people Proportion

Male 120 60%

Female 80 40%

Age Number of people Proportion

50–59 years old 48 24%

60–69 years old 65 32.5%

Over 70 87 43.5%

FIGURE 3
(A) Univariate logistic risk factor analysis of inflammatory markers and ureteral urothelial carcinoma. (B) Multivariate logistic risk factor analysis of
inflammatory indicators and ureteral urothelial carcinoma.
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2.3.5 Standard deviation (SD)
The value of SD is proportional to the contrast of the fused

image. SD can be represented by the following formula.

SD �
��������������������������
1
ZM

∑Z

o�1∑M

k�1 OG o, k( ) − iOG( )2√
(5)

where, i is the average value of the image.

2.3.6 Spatial frequency (SF)
The SF value is proportional to the overall clarity of the fused

image, and is calculated from the row frequency and column
frequency. SF can be represented by the following formulas.

SF �
���������
RF2 + CF2

√
(6)

RF �
����������������������������������
1
ZM

∑Z

o�1∑M

k�1 OG o, k( ) − OG o, k − 1( )( )2
√

(7)

CF �
����������������������������������
1
ZM

∑Z

o�1∑M

k�1 OG o, k( ) −OG o − 1, k( )( )2
√

(8)

Therefore, the above indicators can be used to analyze the effect
of Urothelial Carcinoma of Ureter images very well.

3 Prognosis results of patients with
urothelial carcinoma of ureter

3.1 Experimental materials and methods

This article collected a total of 200 patients with Urothelial
Carcinoma of Ureter who were treated in the Department of
Urology of Hospital, First Affiliated Hospital of Hebei North
University from June 2018 to December 2021 and were
hospitalized for surgical treatment and had clear pathological
diagnosis after surgery. Among them, 120 were male, accounting
for 60% of the total number of cases, and 80 were female patients,
accounting for 40% of the total number of cases. The age of onset of
patients included in the case data was 38–87 years old, 48 patients
(24%) were 50–59 years old, 65 patients (32.5%) were 60–69 years old,

FIGURE 4
(A) Univariate logistic risk factor analysis of hemoglobin index and ureteral urothelial cancer. (B) Multivariate logistic risk factor analysis of
hemoglobin index and ureteral urothelial carcinoma.
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and 87 patients (43.5%) were over 70 years old. The results showed that
upper urothelial carcinoma increased with age, as shown in Table 1.

This paper studied the changes of platelet-lymphoid ratio (PLR),
neutrophil-lymphocyte ratio (NLR), hemoglobin (HGB), and
hematocrit (HCT) in patients with bladder urothelial carcinoma
before operation, so as to study the clinical significance of relevant
indicators. Their impact on bladder urothelial carcinoma, its direct
relationship between clinicopathological grade and stage, and its
clinical utility were analyzed.

Statistical analysis tools: All statistical analysis uses
SPSS19.0 statistical analysis software package. p < 0.05 means
significant difference, and the difference is statistically significant.

3.2 Inflammatory indicators and risk factors
associated with urothelial carcinoma of
ureter

Using different dependent variables of serum PLR (A) and
NLR (B) levels, the incidence rate of bladder urothelial carcinoma
was used as a dependent variable, and the univariate Logistic risk
factor study was first used. The results showed that: Increased
levels of PLR and NLR are the main risk factors for bladder
urothelial carcinoma, with odd ratio (OR) values of 1.023 and
1.611, and 95% confidence intervals (CI) of 1.009 and 1.569,
respectively. Then, based on the conclusion of the single-factor
Logistic risk factor study, the indicators with statistical value
(PLR, NLR) in the single-factor analysis were introduced into the
multi-factor Logistic risk factor study, and the risk factors of

bladder urothelial carcinoma with independent value was
screened out. The results showed that high NLR content was
an independent risk factor for bladder urothelial carcinoma, with
an OR value of 1.497 and a 95% CI of 1.573. As shown in Figure 3,
Figure 3A is the univariate Logistic risk factor analysis of
inflammatory indicators and Urothelial Carcinoma of Ureter,
and Figure 3B is the multivariate Logistic risk factor analysis of
inflammatory indicators and Urothelial Carcinoma of Ureter.

3.3 Hemoglobin index and related risk
factors of urothelial carcinoma of ureter

The different dependent variables of HGB (c) and HCT (d)
levels in serum and the incidence rate of Urothelial Carcinoma of
Ureter were used as dependent variables, and single-factor Logistic
risk factors were used for research. The results showed that the
decline of HGB and HCT levels were the main risk factors affecting
the carcinogenesis of ureteral urothelium, the OR values were
0.961 and 0.859, and the 95% CI were 0.961 and 0.873. Based on
the conclusions of the single-factor Logistic risk factor study, the
factors with statistical value (HGB, HCT) in the single-factor
analysis were introduced into the multi-factor Logistic risk factor
study, and the risk factors with independent value that caused
ureteral urothelial canceration was screened out. As shown in
Figure 4, Figure 4A is a univariate Logistic risk factor analysis of
hemoglobin index and Urothelial Carcinoma of Ureter, and
Figure 4B is a multivariate Logistic risk factor analysis of
hemoglobin index and Urothelial Carcinoma of Ureter.

FIGURE 5
(A) Univariate logistic risk factor analysis of inflammatory indicators and pathological grades in ureteral urothelial carcinoma. (B)Multivariate logistic
risk factor analysis of inflammatory index and pathological grade in ureteral urothelial carcinoma.
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3.4 Risk factors associated with
inflammatory indicators and pathological
grading of urothelial carcinoma of ureter

Taking the difference in serum PLR (A) and NLR (B) levels as
the dependent variable, and the pathological classification of
Urothelial Carcinoma of Ureter as the dependent variable, this
paper first used a single-factor Logistic risk factor study. The
results showed that high PLR and high NLR content were the
main risk factors leading to the pathological classification of
Urothelial Carcinoma of Ureter, with OR values of 1.015 and
1.072, and 95% CI of 1.003 and 1.096, respectively. Based on the
results of single factor Logistic risk factor analysis, the indexes (PLR,
NLR) with statistical significance in single factor analysis were
included in the multivariate Logistic risk factor analysis. Risk
factors with independent meanings that were closely related to
the classification of ureteral and urothelial carcinoma lesions
were selected. The results showed that high NLR level was an

FIGURE 6
(A) Univariate logistic risk factor analysis of hemoglobin index and pathological classification for ureteral urothelial carcinoma. (B) Multivariate
logistic risk factor analysis method for hemoglobin index and pathological type of ureteral urothelial carcinoma.

FIGURE 7
Results of ROC curve analysis of expressed genes.
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independent risk factor affecting the risk of pathological
classification of bladder urothelial carcinoma, with an OR value
of 1.071 and a 95% CI of 1.111. As shown in Figure 5, Figure 5A is a
single factor Logistic risk factor analysis of the inflammation index
and the pathological grade of Urothelial Carcinoma of Ureter, and
Figure 5B shows the multifactor Logistic risk factor analysis of
inflammation index and pathological grade of Urothelial Carcinoma
of Ureter.

3.5 Risk factors related to hemoglobin index
and pathological grade of urothelial
carcinoma of ureter

Serum low HGB (c) and low HCT (d) levels were designed as
independent variables, and the pathological grade of Urothelial
Carcinoma of Ureter was designed as dependent variables. First,
through the single factor Logistic risk factor analysis, the results
showed that: Low HGB and low HCT levels were risk factors
affecting the pathological grade of Urothelial Carcinoma of
Ureter, with OR values of 0.979 and 0.951, and 95%CI of
0.983 and 0.956, respectively. Based on the research results of the
single factor Logistic risk factor analysis method, the factors (HGB,
HCT) with statistical significance in the single factor analysis were
introduced into the multifactor Logistic risk factor analysis method.
Thus, risk factors with independent meanings that are closely related
to the classification of ureteral and urothelial carcinoma lesions were
screened out. The results showed that there was no single risk factor
in HGB and HCT that reflected the risk of pathological classification
of urothelial carcinoma of the ureter. As shown in Figure 6,
Figure 6A is a univariate Logistic risk factor analysis of
hemoglobin index and pathological classification of Urothelial
Carcinoma of Ureter. Figure 6B shows the multifactor Logistic
risk factor analysis method of hemoglobin index and pathological
classification of urothelial carcinoma of the ureter.

3.6 Evaluation of the diagnostic effect of
biomarkers

A better marker for tumor detection, the closer the area under the
receiver operating characteristic curve (ROC), sensitivity, specificity,
and Youden index are to one, the stronger it is. It is generally considered
that the detection ability of the test markers with the area under the
ROC curve, sensitivity, specificity and Youden index all exceeding 0.9 is
strong, and it is suitable for clinical diagnosis. In this paper, ROC curve
research was carried out on ten newly screened expressed genes, and the
capacity under the curve (AUC), sensitivity, specificity and Youden
indexwere calculated, and the results are shown in Figure 7. At the same
time, taking into account the above technical indicators, it was found
that the area under the ROC curve, sensitivity, specificity and Youden
index are higher than 0.7, suggesting that it may be of general diagnostic
ability as a biomarker for urothelial carcinoma of the ureter, and has
certain reference value. The range, sensitivity, specificity and Youden
index of Hsa-mIr-17 (G), hsa-mir-93 (H), hsa-mir-429 (I), hsa-mir-20a
(J) curves are all higher than 0.9, indicating that its detection function is
very good, and it has become a potential detection marker for bladder
urothelial carcinoma.

4 Conclusion

Urothelial Carcinoma of Ureter, as the most common malignant
tumor in the urinary system, has attracted more andmore attention. Its
occurrence and development is a complex pathological change process,
which is affected by many factors. The molecular mechanism and
specific therapeutic targets related to its occurrence and development
have always been the hotspots in the field of medical research. With the
development of molecular ecology of cancer genes, a series of studies on
large-scale proteomics and genomics have shown that the malignant
development, invasion, transformation and sociobiological processes of
bladder cancer are closely related to the different expressions of mRNA
and miRNA. The theoretical research results played a very critical role
in finding biomarkers of bladder urothelial carcinoma and important
gene molecular targets that directly affect the pathological process of
bladder urothelial carcinoma. During the treatment of ureteral cancer, it
is necessary to consider the use of targeted and immunotherapy in
combination with systemic therapy to reduce cancer recurrence and
also need to take into account the prognosis of chemotherapy patients.
It showed that the use of immunotherapy during chemotherapy can
increase the risk of recurrent infusion of tumor cells when
chemotherapy drugs are infused. This paper also found that
inflammation-related genes have higher expression levels in patients
with RCC, indicating that inflammatory response-related pathways
may be an important factor in the development of RCC. In the future,
this paper needs to further study the genes involved in the inflammatory
response pathway and the significance of predicting the postoperative
recurrence rate and prognosis of ureteral cancer. However, due to the
limitations of time and technology, this paper has not carried out a
detailed study of the problems encountered in the study of
ureterourethral epithelial carcinoma, which will be further discussed
in the future.
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Characteristics of malignant
tumors of digestive system and
autoimmune diseases

Hang Yin1 and Qun Li2*
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Thoracic Surgery, The Hainan Hospital of Chinese PLA General Hospital, Sanya, Hainan, China

With the development of preoperative examination technology, endoscopic
ultrasonography-guided fine-needle aspiration biopsy (EUS-FNA) has been
widely used in preoperative pathological diagnosis. However, challenges
remain in obtaining appropriate tissue samples and obtaining accurate
pathological results to predict disease risk. Therefore, this study aimed to
analyze the characteristics of digestive system malignancies and their
autoimmune diseases, and to analyze the clinicopathological features,
preoperative CT imaging features and pathological grades of pNENs of
different pathological degrees of pNENs on the prognosis of pNENs.
Experimental results showed that non-functioning pancreatic neuroendocrine
tumors showed prominent surrounding hypervascular lesions on multiphase CT
examination. Among them, arterial phase and portal venous phase were most
clearly imaged at the end, and the degree of local vascular invasion could be used
as an index to evaluate its resectability. The sensitivity of CT examination was 63%
to 82%, and the specificity was 83% to 100%, depending on the size.

KEYWORDS

digestive system, malignant tumor, characteristics analysis, D-dimer, autoimmune
diseases

1 Introduction

Currently, Stroke has been found to be the most common neurological complication
in cancer patients other than tumor brain metastases. It has been reported that up to
about 15% of cancer patient autopsies show thromboembolic complications, and 50% of
these patients have clinical manifestations of stroke during their lifetime. Retrospective
studies have shown that malignancy is diagnosed in 6%–12% of patients with ischemic
stroke. In actual clinical work, however, these numbers are much smaller because the
association between stroke and cancer is often overlooked by clinicians. This is often
because cancer-related strokes are difficult to diagnose, especially in patients with no
known cancer history or strokes of unknown origin. Patients with cancer may experience
a stroke in a different way than others without the disease. It is well accepted that blood
hypercoagulability caused by cancer plays a major role in the underlying mechanism of
stroke in cancer patients. At present, there are more and more relevant studies, but the
sample size of the studies is generally small, and there is still a lack of systematic studies
with large sample sizes.

The survival rate of cancer patients is rising, and more cancer patients are also
developing strokes, thanks to the quick development of more efficient cancer treatments.
Therefore, research into the connection between cancer and acute ischemic stroke is
crucial. In patients with malignant tumors complicated by acute ischemic cerebral
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infarction, this study conducted a retrospective case-control
investigation on the clinical characteristics, vascular risk
factors, and imaging characteristics of conventional stroke.
This article discusses the related risk factors of CAIS, aiming
to improve the clinical understanding of the disease and provide a
theoretical basis for clinical diagnosis and treatment.

The innovation point of this study: 1) The CT imaging data
(including outpatient and inpatient CT imaging data) of
83 patients were investigated. This article retrospectively
analyzed preoperative CT images and pNEN classification.
And this paper compared the differences in CT imaging
features between G1 and G2. 2) the data of 56 patients were
examined and analyzed to obtain CT values of arterial phase,
portal venous phase, advanced tumors and normal tissues, as well
as CT imaging features of G1pNEN and G2pNEN patients. In this
paper, the data of 56 patients were examined and analyzed to
obtain the CT values of arterial phase, portal venous phase,
advanced tumor and normal tissues, as well as the CT imaging
characteristics of G1pNEN and G2pNEN patients. Thus, the
difference and ROC curve were compared to analyze the
diagnostic value of absolute and relative CT magnification of
tumor lesions in distinguishing G1 and G2 patients.

2 Related work

Numerous autoimmune disorders seem to affect women more
often, which raises the possibility of a hormonal cause. There are
minimal research on tumor estrogen receptor (ER) and
progesterone receptor (PR) status, as well as breast cancer risk
in systemic and organ-specific autoimmune disorders. Schairer
evaluated the relationship between several organ- and system-
specific autoimmune disorders, as well as tumor ER and PR
status, and overall breast cancer risk in this study. They
discovered the first case of breast cancer in a woman under
the age of 66 using Linked Surveillance, Epidemiology and
End Results (SEER)-Medicare data. They used unconditional
and multinomial logistic regression to estimate odds ratios
(ORs) and 99.9% confidence intervals (CIs) (Schairer et al.,
2018). Immune checkpoint inhibitors (ICIs) are being used
more frequently in the metastatic situation or as a supplement
to other therapies to treat a wide variety of cancer types. Due to
worries about increased toxicity, patients with autoimmune
illnesses have been mostly excluded from clinical trials
utilizing ICIs. Kennedy et al. (2019) LC reviews current case
series describing patients with solid tumors who already have
autoimmune disease and examines similarities between clinical
autoimmune illness and ICI-induced immunotherapy-related
side effects. Which autoimmune patients are likely candidates
for ICI therapy is also included in his review (Kennedy et al.,
2019). However, no trials have examined its usage, either as a
monotherapy or as a combination medication, in the treatment of
cancer. According to the Hong J study, Y-320 caused significant
harm to MDR tumor cells when it was given concurrently with
other chemotherapeutic drugs, although having little effect on
multidrug-resistant (MDR) cell lines. Further investigation
indicated that P-glycoprotein is a substrate of Y-320 (P-gp).
When paclitaxel and Y-320 were administered together, tumor

development was dramatically suppressed by 77.1%, as opposed
to 6.5% in the group receiving paclitaxel alone (Hong et al., 2020).
Numerous autoimmune disorders seem to affect women more
often, which raises the possibility of a hormonal cause. Kennedy
LC evaluated the relationship between several systemic and
organ-specific autoimmune disorders, overall breast cancer
risk, and tumor ER and PR status in this study. Despite the
fact that these samples were Medicare recipients in good health
and free of breast cancer, there was some experimental risk
(Kennedy et al., 2019). Immune checkpoint inhibitors (ICIs)
are being used more frequently in the metastatic situation or
as a supplement to other therapies to treat a wide variety of cancer
types. The similarities between clinical autoimmune disorders
and the unfavorable effects of ICI-induced immunotherapy are
discussed by Radovich et al. (2018). Additionally, he reviews case
studies that depict individuals who have solid tumors and pre-
existing autoimmune disorders. The prevalence of autoimmune
reactions brought on by immune checkpoint blockage during
cancer treatment emphasizes the value of interdisciplinary
research on autoimmune illnesses and malignancies. In
lymphoid malignancies, Shao et al. (2019) points out the
connection between particular IL-7R signaling and steroid
resistance. Additionally, he showed that after receiving steroid
treatment, IL-7R-positive cells that are resistant to steroids may
be found in mouse bone marrow, spleen, or in a mouse model of
autoimmune arthritis. Everolimus, a mTOR inhibitor, may be
used in patients with advanced relapsed and refractory thymic
epithelial malignancies, according to newly available research
(TET). The identification of patients and the discovery of
predictive biomarkers of response are still difficult tasks. Here,
Yan et al. (2017) gives a complete genetic characterization of TET
patients’ thymic tumors and describes a single-center experience
with everolimus in those patients. There were still mistakes in the
calculations of time to treatment failure and overall survival even
though patients had had significant pretreatment with an average
of three prior lines of treatment.

3 Medical image enhancement
algorithms

3.1 Histogram equalization

The histogram equalization method has a relatively simple
theoretical principle, a short running time and the maximum
possible preservation of the original image information. It is
often used in medical image enhancement (Hellyer et al., 2020).
This method remaps the pixel value distribution range of the image
to the entire gray level range to enhance the image contrast.

Histogram equalization (HE) expands the gray-level
distribution range of the original input image by counting the
pixel values, distribute the original image histogram to the global
gray level range through the remapping function [the gray level
range of the 8-bit image is in (0,255)], and avoids the
concentration of pixel values in a certain gray-scale range
(AlKindi, 2017; Li et al., 2017). The original input image is
defined as X, and its probability density distribution function
is shown in Formula (1);
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p Xk( ) � nk

n
(1)

c x( ) � ∑k

i�0p Xi( ) (2)

Among them, x = Xk, k � 0, 1, . . . , L − 1, it can be deduced that c
(L-1) = 1. Histogram equalization is to perform a function
transformation operation on the pixel distribution histogram of
the image. The process is to stretch and redistribute the histogram
distribution of the input image through a certain function
transformation (Nozaka et al., 2020; Ohkubo et al., 2020). For an
image with a dynamic range of (Xk; XL−1), its mapping function can
be defined as:

f x( ) � X0 + X0 + XL−1( )c x( ) (3)
The advantages of the histogram equalization algorithm are

mainly reflected in that it regards the histogram of the input image as
a whole operation unit, performs global mapping function f(x)
transformation on the image pixels, and expands the distribution
range of dynamic gray levels (Agra et al., 2020; Ryabov et al., 2020).
In addition, according to the information entropy theory, it is easy to
know that when the probability distribution of pixel values is
uniform, the value of image information entropy is the largest,
which makes the enhanced image outline clear and colorful (Zhao
et al., 2020).

3.2 Bipartite histogram equalization

The bisection histogram equalization algorithm first calculates
the gray mean value of the image, and then divides the histogram of
the original image into two parts according to this value. Finally, the
two sub-histograms are equalized respectively, so as to better
maintain the original brightness of the image. Let Xm be the
mean of the image X, from which we know Xm ∈
(X0,X1, . . . ,XL−1). Taking the image brightness mean point Xm

as the boundary, the histogram is divided into two parts: XL, and
XU (Lukianchenko et al., 2020). The dynamic range of the pixels in
the lower half of the histogram is set to XL ∈ (X0,X1, . . . ,Xm). The
dynamic range of the pixels in the upper half of the histogram is in
XU ∈ (Xm+1,Xm+2, . . . XL−1), and their respective probability density
distribution functions are shown in Formula (4) and Formula (5),
and the expressions are:

pL Xk( ) � nk
L

nL
(4)

pU Xk( ) � nk
U

nU
(5)

Among them, the value of the density distribution function k of
the upper and lower parts is taken as k � 0, 1, . . .m and k � m +
1,m + 2, . . . L − 1 respectively. nL represents the sum of pixels in the
lower half nL = ∑m

k�0n
k
l , and nU represents the sum of pixels in the

upper half nU � ∑L−1
k�m+1n

k
u. It can be seen that n = nL + nU.

According to the conditions, the average brightness of the image
enhanced by the He algorithm is equal to the median of the pixel
display range (Li et al., 2020; Makhdoomi et al., 2020). Therefore,
such methods are not applicable in many fields. The average
brightness of the image enhanced by the BBHE algorithm will be

limited by the average brightness of the histogram of the high and
low parts, thus playing the role of brightness preservation.

3.3 Histogram equalization based on motion
blur

The histogram equalization method based on dynamic blur
(BPDFHE) can improve the problem of detail loss to a certain
extent (Manikandan, 2020). The dynamic blur histogram
equalization method mainly uses the process of fuzzy statistics to
map the input image to the fuzzy domain through the
transformation function. This method effectively solves the
roughness of the grayscale range of the image, which is beneficial
to improve the performance of the algorithm.

First, the input image histogram needs to be transformed into a
blur histogram through a function. A fuzzy histogram is a sequence
of real numbers consisting of h(X) X ∈ 0, 1, . . . , L − 1{ }, where h(X)
represents the distribution probability of gray levels in the
neighborhood of X. ~I (i,j) is set as the grayscale blur value of I
(i,j), and the blur histogram is shown in Formula (6):

h X( ) ← h X( ) +∑
i
∑

j
μ i,j( )X, k ∈ a, b[ ] (6)

Among them, μI(i,j)i is a triangular fuzzy membership function.
Next, take the local maximum value of the histogram as the limit
point to obtain a plurality of sub-histograms. Denote the first
derivative and second derivative of the fuzzy histogram as h′(X),
h"X), respectively, and their derivative expressions are:

h′ X( ) � dh X( )
dX

� h X + 1( ) − h X − 1( )
2

(7)

h″ X( ) � d2h X( )
dX2 � h X + 1( ) − 2h X( ) + h X − 1( ) (8)

The second derivative h”(X) directly uses the second central
difference operator to calculate the second derivative of the fuzzy
histogram. The purpose of this is to minimize the approximation
error accumulated from the first derivative calculation. After the
histogram is divided into multiple sub-histograms, each sub-
histogram is remapped to the gray level dynamic range, and
finally the brightness of the image is normalized.

E
S
� T

p2
p1

( ) p T
p3
p2

( )p, , , pT pn
pn − 1

( ) (9)

log
E
S

( ) � log T
p2
p1

( )[ ] + log T
p3
p2

( )( )+, , ,+log T
pn
pn−1

( )( )
� ∑n

i�2 log T
pi
pi−1

( )( )[ ] (10)

log
E
S

( ) � ∑n

i�2 log T′ pi
pi−1

( )( )[ ] � ∑n

i�2T′ logpi − logpi−1( ) (11)

D � 2log 2min (rows,cols)−1) (12)
After one comparison, rotate 90° clockwise, the distance is

halved, convert Maiko D = -D/2 and continue the comparison
until |p|<1. The iterative Formula is as follows:

rn+1 x, y( ) � rn x, y( ) + r′n x, y( )
2

(13)
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r′n x, y( ) � rn x, y( ) + ΔL rn x, y( ) + ΔL≤max
max rn x, y( ) + ΔL≤max

{ (14)

The single-scale Retinex algorithm expression is

logR x, y( ) � logI x, y( ) − log F x, y( ) p I x, y( )( ) (15)

F x, y( ) � K · e
− x2+y2( )

σ2 (16)
∫∫F x, y( )dxdy � 1 (17)

4 Experimental characteristics

Through previous studies, we found that in the comparison
of the pathological characteristics of GI grade and G2 grade
pNENs, G2 grade pNENs and patients’ tumors were larger in
maximum diameter, more prone to invasive growth, more
prone to lymph node metastasis, and more prone to distant
metastasis. Preoperative invasive EUS + FNA examination
cannot obtain 100% accurate pathological results. So whether
these differences can be reflected by simple and easy CT imaging
examination, we combined CT, the most commonly used
preoperative examination method in 266 patients, to screen
out 83 cases of G1 and G2 grades with CT images. The CT
imaging features were used to analyze the differences in imaging
features between G1 and G2 patients, and to observe whether
the pathological grade of the patients could be judged by CT
imaging. Through the further quantified CT indexes of
56 patients with pancreatic neuroendocrine tumors, we
measured the CT values of arterial phase, delayed phase,
portal venous phase, plain scan tumor and normal tissue. To
analyze the significance of CT imaging features on the
pathological grading of pancreatic neuroendocrine tumors, so
as to predict its possible prognosis and then adopt more
appropriate surgical methods.

4.1 Materials and methods

4.1.1 Research objects
Inclusion criteria for patients with acute cerebral infarction

with active cancer (cancer group, n = 28) were as follows. 1)
Acute ischemic cerebral infarction is defined as sudden focal or
generalized neurological damage that persists for >24 h and has
imaging-related symptoms, or symptoms of neurological
damage <24 h. However, the patient’s acute ischemic cerebral
infarction was verified by MRI diffusion-weighted imaging
(DWI). 2) Active cancer was defined as a malignant tumor
that had been diagnosed or untreated within 1 year before the
stroke, as confirmed by the patient’s previous medical records.
Either a previously inactive malignancy that recurred within
1 year before the stroke, or a newly diagnosed malignancy
during the stroke hospitalization. The diagnosis of tumor is
confirmed by tissue or liquid pathological biopsy. Inclusion
standards for the cancer group were as follows: 1) Patients
without diffusion-weighted imaging. 2) Patients with clinically
diagnosed tumors but not confirmed by pathological biopsy; 3)

Patients with benign tumors, secondary intracranial metastatic
tumors and primary intracranial tumors. 4) Inactive cancer is
defined as a patient with a history of cancer who has undergone
surgery more than 5 years prior to the onset of this acute stroke
and has no symptoms or signs of recurrence. 5) Patients with
cerebral hemorrhage, encephalitis, multiple sclerosis or other
central nervous system diseases. 6) Patients with severe heart,
liver, lung and renal insufficiency.

4.1.2 Data collection
Clinical baseline data were collected for all patients, including

patient age, sex, and time from cancer diagnosis to stroke event.
This article documents traditional vascular risk factors for stroke,
including hypertension, diabetes, hyperlipidemia, atrial
fibrillation, smoking, and history of ischemic stroke. The
patient’s laboratory tests have coagulation parameters
D-dimer, fibrinogen degradation products, and fibrinogen
values. We collected data on imaging studies of patients.
Generally speaking, malignant tumors include many types,
and the main sources include carcinoma of epithelial
tissue, mesenchymal tissue source, lymphoid hematopoietic
tissue source, neural tissue source and other tissue
sources. The classification of malignant tumors is shown in
Figure 1.

4.1.3 Statistical analysis
Statistical analysis software SPSS22.0 was used for statistical

analysis in this study. Individual factors of p < 0.1 have been
incorporated into stepwise multiple accounting regression to
obtain a complete predictive model. Then, the ROC curve
analysis was used to compare the prediction performance of
D_D, FDP, Fib and the comprehensive prediction model, and
Kappa test was carried out between D-D, the comprehensive
prediction model and the real results, and the test level was
a = 0.05.

FIGURE 1
Classification of malignant tumors.
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4.2 Clinical characteristics of patients with
cancer-related acute ischemic cerebral
infarction

Lung cancer, gastrointestinal cancers, and cancers of the female
reproductive system are the three most prevalent cancers. The
median interval between the diagnosis of malignancy and the
beginning of the stroke was 8.5 months. Acute cerebral infarction
was the first presentation in four patients (14.3%), and cancer
(ovarian cancer, lung cancer) was subsequently discovered during
the neurology hospitalization. From the time of the cancer diagnosis
until the commencement of the ischemia infarction, the distribution

of time was as follows: 14.3% in 3, 14.3% in 3–6, 25.0% in 6–12,
25.0% in 12–24, and 7.1% in >24 months. The prevalence of risk
factors, such as hypertension, diabetes, atrial fibrillation,
hyperlipidemia, and smoking, is lower in the experimental group
compared to the control group. While the value of fibrinogen was
not substantially different, the D-dimer and FDP values of the
cancer group were greater than those of the control group. The
location and sex ratio of primary cancer are shown in Figure 2.

The D-dimer test results of a few patients (3 cases in the cancer
group) exceeded the upper limit of hospital’s detection system. The
receiver operating characteristic curve (ROC) analysis showed that
the cut-off value of D-dimer to distinguish cerebral infarction

FIGURE 2
Location and sex ratio of primary cancer.

FIGURE 3
Receiver operating curves for cancer and non-cancer patients
with stroke. FIGURE 4

D-dimer value distribution patterns in each patient subgroup.
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patients with or without malignancy was 0.770 μg/ml. In the control
group, 12.1% had values higher than the upper limit of the normal
reference value of DD, and only two patients had DD values >
0.770 μg/ml. Besides, 17.9% of the patients in the cancer group had
DD values < 0.770 μg/ml, and these 17.9% of patients also had DD
values within the normal reference range. Figure 3 displays receiver
operating curves for stroke patients with and without malignancy.

As can be seen from the analysis in Figure 3, the cancer group
was divided into two subgroups with the value of 0.770 μg/ml as the
critical value, D-dimer <0.770 μg/ml and D-dimer ≥0.770 μg/ml.
The pattern of D-dimer values distribution in each subgroup of
individuals with acute ischemic cerebral infarction is shown in
Figure 4.

As can be seen from Figure 4, the D-dimer values in the cancer
group were scattered, and when D-dimer was <0.770 μg/ml, the
distribution matched that of the control group quite well.

4.3 Related risk factors in patients with
malignant tumor-related cerebral infarction

The analysis results showed that plasma D-dimer (OR = 1.504,
95%CI:0.996–2.272, p = 0.052) and fibrin (ogen) degradation
products (OR = 3.680, 95%CI:1.635–8.281, p = 0.002) level, and
acute multiple cerebral infarction (OR = 13.099, 95%CI:
1.569–109.364, p = 0.018) were independent risk factors for acute
ischemic cerebral infarction in patients with malignant tumors. The

stepwise forward multivariate logistic regression analysis is shown in
Table 1.

It can be seen from Table 1 that a comprehensive prediction
model was obtained based on the CAIS-related factors screened out
in multivariate logistic regression, and the risk index of CAIS in the
patients in this study was calculated according to the prediction
model. The DD, FDP, Fib and comprehensive prediction models are
analyzed and compared by drawing the ROC curve, as shown in
Figure 5 and Figure 6.

It can be seen from Figure 5 and Figure 6 that DD, FDP and
comprehensive prediction models all have high diagnostic value
for malignant tumor-related cerebral infarction. However, the
AUC of the comprehensive prediction model was 0.925, which
was significantly higher than the AUC area predicted by other
risk factors alone, and the predicted cut-off value was 0.636. The
Kappa test was used to analyze the consistency of D-dimer
levels, the comprehensive prediction model and the real
results. The results of the Kappa consistency test are shown
in Table 2.

It can be seen from Table 2 that D-D≥0.770 μg/ml (Kappa =
0.734, p < 0.001) and the comprehensive prediction model (Kappa =
0.799, p < 0.001) are in good agreement with the real results.
However, the comprehensive prediction model has a high degree
of consistency. Therefore, compared with DD ≥ 0.770 μg/ml for the
diagnosis of malignant tumor-related cerebral infarction, the
prediction effect of the comprehensive prediction model may be
better.

TABLE 1 Stepwise forward multivariate logistic regression analysis.

Variable Estimate Se z Wald p Or (95 CI%)

(Intercept) −4.107 1.122 −3.661 13.404 0 0.016 (0.002, 0.148)

DD (u g/ml) 0.408 0.21 1.941 3.767 0.052 1.504 (0.996, 2.272)

FDP (ug/ml) 1.303 0.414 3.148 9.909 0.002 3.680 (1.635, 8.281)

AMBIs 2.573 1.083 2.376 5.645 0.018 13.099 (1569,109.364)

FIGURE 5
Subject D-D dimer and FDP curve analysis of patients. (A) D-D dimer curve (B) FDP curve.
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5 CT imaging features

5.1 CT imaging features of 83 patients with
G1 pNENs and G2 pNENs

The tumor size of G2 pancreatic neuroendocrine tumor was
significantly different from that of G1 pancreatic neuroendocrine
tumor (47.4 + 28.9 VS. 28.6 + 17.7, p < 0.01). The CT imaging
capabilities of G1 and G2pNEN showed that the largest tumor
diameter was larger in G2, and the rest were size, number, border,
shape, cystic degeneration, homogeneous enlargement, pancreatic
duct enlargement, calcification, peripheral lymph node metastasis,
and distant metastasis. The difference was not statistically
significant.

5.2 The clinical value of CT absolute and
relative enhancement values in predicting
G1 and G2 pathological grades

To further clarify the clinical value of CT-related imaging
functions in determining abnormal G1 and G2 scores, ROC
curves were used to identify and analyze the absolute and
relative CT magnification values of patients with G1 and
G2 pNETs. The ROC analysis results of CT absolute and
relative enhancement in the clinical diagnosis of G1 and
G2 pNENs are shown in Table 3.

The ROC curve analysis of different absolute enhancement
degrees and the ROC curve analysis of two different relative
enhancement degrees are shown in Figure 7 and Figure 8.

FIGURE 6
Subject Fib and Logistic Regression curve analysis of patients. (A) Fib curve (B) Logistic Regression curve.

TABLE 2 Kappa consistency test.

Total (n = 61) Control group (n = 33) Cancer group (n = 28) Kappa (95%C) P

D-dimer value

<0.770 35 (57.38) 30 (90.91) 5 (17.86) 0.734 (0.554–0.899) <0.001
20.770 26 (42.62) 3 (9.09) 23 (82.14)

Comprehensive forecast 0.799 (0.632–0.932) <0.001
<0.636 39 (63.93) 33 (100.00) 6 (21.43)

20.636 22 (36.07) 0 (0.00) 22 (78.57)

TABLE 3 ROC analysis results of CT absolute and relative enhancement in clinical diagnosis of G1 and G2 pNENs.

Degree of reinforcement (CT value) AUC 95%CI Specificity Sensitivity Cut-off

Absolute arterial phase 0.775 0.648–0.901 0.621 0.926 69.55

Portal phase absolute 0.811 0.700–0.922 0.655 0.889 84.20

Absolute delay 0.803 0.687–0.918 0.926 0.586 55.85

Arterial phase relative 0.692 0.553–0.831 0.483 0.889 12.85

Portal phase relative 0.760 0.633–0.887 0.517 0.926 11.15
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As shown in Figure 7 and Figure 8, the absolute and relative CT
magnification values can effectively distinguish the G1 and G2 spin
pNEN patients from the area under the absolute magnification ROC
(AUC) curve. The portal phase value was 0.811 (95% CI
0.700–0.922), the specificity was 0.811 (95% CI 0.700–0.922)
0.655, and the sensitivity was 0.889.

Multi-slice computed tomography (CT) or magnetic resonance
imaging (MRI) of the pancreas is still the preferred method for
evaluating the imaging manifestations of neuroendocrine tumors
and the extent of tumor invasion. On multiphase CT, non-
functional pancreatic neuroendocrine tumors appear as well-
defined peripheral hypervascular lesions, which are most clearly
visualized in the end arterial and portal phases. The extent of local
vascular invasion can be used as an indicator for assessing
resectability. The sensitivity of CT examination is 63%–82%, and
the specificity is 83%–100%, which varies according to its size. The
sensitivity for detecting liver metastases was 82% and the specificity
was 92%. About 10% of non-functional pancreatic neuroendocrine

tumors are found as cystic lesions of the pancreas, with a
misdiagnosis rate of about 43%. MRI improves tissue contrast in
assessing the pancreas and liver. Its sensitivity is 85%–100%, the
specificity is 75%–100%, the average detection rate of non-
functioning neuroendocrine tumors is 73%, and the average
detection rate of liver metastases is 82%. Preoperative
examinations also included magnetic resonance
cholangiopancreatography (MRCP). MRI is most useful when
monitoring or confirming liver metastases. The comparison of
the patients before and after surgery is shown in Figure 9.

As shown in Figure 9A, a 36-year-old female patient, who was
unfit for contrast-enhanced CT examination because of abdominal
pain, showed typical imaging manifestations of pancreatic
neuroendocrine tumors with marked enhancement in the arterial
phase. The hypodense foci in the right hepatic lobe were not
visualized on octreotide scanning, and were assessed as hepatic
cysts by MRI. Pancreatic lesions were removed by laparoscopic
pancreatic body and tail + splenectomy. There was no recurrence or

FIGURE 7
ROC curve analysis of three different absolute enhancement degrees. (A) Absolute enhancement in arterial and portal phases (B) Absolute
enhancement in delayed phase.

FIGURE 8
ROC curve analysis of two different relative enhancement degrees. (A) Relative enhancement degree in arterial phase (B) Relative enhancement
degree in portal venous phase.
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metastasis in the follow-up 2 years after operation. Figure 9B shows
a preoperative octreotide scan of the same patient showing typical
features of a non-functional pancreatic neuroendocrine tumor with
mildly elevated octreotide uptake.

In addition to traditional imaging, there are two nuclear
medicine examination methods: somatostatin receptor
scintigraphy (SRS) and positron emission tomography (PET).
The somatostatin receptor family (SSTRs) includes five subtypes.
That is, SSTR1 is highly expressed in many pancreatic
neuroendocrine tumors, especially SSTR-2. It can therefore be
visualized by radionuclide-labeled somatostatin receptor analogs
(octreotides). SRS is often used to locate, stage, check for
metastases, monitor recurrence, and evaluate response to
systemic therapy in non-functional pancreatic neuroendocrine
tumors. There are no data to support these tests to provide more
valuable information than CT, MRI. In addition, SRS examination is
expensive, which will increase the financial burden of patients.

6 Conclusion

In this study, the clinical and pathological characteristics of
266 patients with pancreatic neuroendocrine tumors were compared
and analyzed, and it was found that patients with GI grade pancreatic
neuroendocrine tumors and G2 and G3 pancreatic neuroendocrine
tumors had obvious lymphadenopathy. The difference in distant
metastases was statistically significant, but the extent of
gastrointestinal and pancreatic neuroendocrine tumors showed only
statistically significant differences in tumor diameter on computed
tomography. This analysis was performed for the following reasons:
computed tomography scans are more reliable and objective for larger
diameter tumors, but standard CT scans are sufficiently objective for
distant metastases, lymph node metastases, and invasive tumor growth.
At the same time, 83 cases are relatively small, and reducing the sample
size will have a certain impact on the results. A retrospective analysis of
the preoperative CT image data of 56 patients with G1 and G2pNEN
showed that the CT image features of GI and G2 were significantly
different in CT values. The absolute and relative amplitudes of the arterial

and portal phases were significantly higher than those of G2-grade
patients and had important diagnostic implications in distinguishing
G1-grade and G2pNEN patients. Of course, this study also has some
shortcomings. The first study was designed as a retrospective analysis and
had some selection bias. Second, because this was a retrospective study,
the criteria for determining feature expression on specificCT imageswere
inconsistent and biased. Third, due to the small number of G3 pNEN
cases, this study should only include imaging features of G1 and
G2 patients, and further studies are needed to analyze G3 patients.
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FIGURE 9
Comparison of patients before and after surgery. (A) The pancreas tissue of the patient before surgery. (B) The pancreas tissue of the patient after
surgery.
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