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Short-chain polypeptides are composed of three to nine amino acids, which can 
be absorbed by the intestinal tract without digestive enzymes and ATP energy. 
Crohn’s disease (CD) is a chronic non-specific disease derived from inflammation 
and damage of the gastrointestinal tract. In this study, we aim to investigate the 
effect of short-chain polypeptide-based exclusive enteral nutrition (EEN) formulas 
on intestinal injury in Chinese children with active CD. From January 2013 to 
January 2019, a total of 84 consecutive children with a diagnosis of Crohn’s 
disease (CD) in the Department of Pediatric Gastroenterology, Children’s Hospital 
of Nanjing Medical University, were divided into mild and moderate-to-severe 
active CD groups. Each group was further divided into two subgroups: drug group 
and short-chain polypeptide plus drug group. Tests were carried out on the levels 
of intestinal fatty acid binding protein (I-FABP) in the blood, fecal calprotectin 
(FC), and occludin protein in the intestinal mucosa 1 day before treatment and 
8 weeks after treatment. Endoscopic and histopathological observations were 
detected to compare the changes in intestinal injury in children with active CD. 
After 8 weeks of treatment, the SES-CD scores and Chiu scores of the ileocecal 
area and terminal ileum of children with mild active CD and the ileocecal area 
of children with moderate-to-severe active CD in short-chain polypeptide 
plus drug group were significantly lower than those in the drug group. The OD 
value of occludin in the terminal ileum and ileocecal area of children with mild 
active CD and the ileocecal area of children with moderate-to-severe active 
CD after short-chain polypeptide-based EEN formulas and drug treatment was 
significantly higher than those in the drug group (p < 0.05). Meanwhile, the levels 
of FC and I-FABP were significantly decreased (p < 0.05). The results showed that 
short-chain polypeptide-based EEN formulas effectively alleviate intestinal injury 
in children with active CD.
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Introduction

Crohn’s disease (CD) involves chronic relapsing inflammation and 
damage in the gastrointestinal tract (1). Up to 15% of patients are 
diagnosed with CD before the age of 20 years (2). Worldwide, the 
incidence rate of CD in children is between 2.5/100000 and 
11.4/100000 (3).

During the occurrence and development of CD, the intestinal 
epithelial tight junction (TJ) barrier plays an important role (4). A 
defective intestinal TJ barrier has been implicated as an important 
pathogenic factor in inflammatory diseases of the gut including CD 
(4). Occludin protein, as an important part of TJ, is expressed at the 
top junction between intestinal epithelial cells and regulates the 
permeability of cell membranes through interaction with the TJ 
complex (5). The loss or decrease of occludin levels can cause the 
rupture of TJ, leading to intestinal epithelial TJ barrier dysfunction 
(6). Intestinal fatty acid binding protein (I-FABP) is a water-soluble 
protein secreted by monolayer columnar epithelial cells and only 
exists in gastrointestinal mucosa. After the intestinal mucosa is 
damaged, I-FABP quickly enters the blood circulation through the cell 
membrane, capillaries, lymphatic capillaries, and portal vein (7). 
Therefore, the levels of I-FABP in the blood reflect the degree of 
intestinal mucosal damage (8).

Severe gastrointestinal injury in pediatric CD causes nutrition and 
growth retardation, which influences the therapeutic effect and 
prognosis of children (9). Therefore, early nutrition intervention can 
promote the improvement of gastrointestinal injury growth and 
development (10). Although exclusive enteral nutrition (EEN) is one 
of the effective treatments for pediatric CD and has been 
recommended as the first-line treatment (11, 12), the influence of 
different types of nutritional formulas, especially different protein 
compositions, on the effectiveness of EEN for treatment of active CD 
is still unclear (13). Short-chain polypeptides are composed of three 
to nine amino acids, which can be absorbed by the intestinal tract 
without digestive enzymes and ATP energy. Peptide-based formulas 
have been shown to improve nitrogen balance and visceral protein 
synthesis, reduce bacterial translocation and diarrhea, and restore gut 
integrity (14). Studies have shown that short-chain polypeptides can 
promote the development of the structure and function of intestinal 
epithelial cells and contribute to the recovery of the damaged intestinal 
mucosa (15, 16). However, no clear recommendations are available on 
the use of short-chain polypeptide-based nutritional formulas in ill 
children with active CD.

This study aimed to evaluate the effects of drug regimens with or 
without short-chain polypeptide-based EEN formulas on intestinal 
injury in pediatric CD patients.

Materials and methods

Patients

A total of 114 children with active CD who were hospitalized in 
the Department of Pediatric Gastroenterology at the Children’s 
Hospital of Nanjing Medical University, from January 2013 to January 
2019, with the diagnostic criteria according to the ESPGHAN revised 
porto criteria were selected as the research subjects (17). Failure to 
receive short-chain polypeptide-based EEN feeding according to the 

protocol resulted in the exclusion of eight patients. In addition, 22 
patients were excluded as they did not receive endoscopy after 
treatment. Finally, 84 consecutive patients, including 41 with mild 
active CD and 43 with moderate-to-severe active CD were studied. 
Patients treated with short-chain polypeptide-based EEN formulas 
(n = 42) and without short-chain polypeptide-based EEN formulas 
(n = 42) were considered as the study and control groups. This study 
was approved by the ethics committee of the Children’s Hospital of 
Nanjing Medical University, and its clinical trial registration number 
is Chir 180018278 in Chinese Clinical Trial Registry.

Inclusion and exclusion criteria

The following inclusion criteria were used to screen children with 
CD for inclusion in this clinical study: (1) the age of children included 
was between 1 and 10 years; (2) children who were newly diagnosed 
as CD; and (3) children with active CD.

The exclusion criteria for children with CD included: (1) the age 
of children with CD was more than 10 years or less than 1 year; (2) 
children with CD in remission; (3) children with recurrent CD; (4) 
children with other chronic intestinal infectious diseases, such as 
Behcet’s disease, intestinal malignant lymphoma, tuberculosis 
infection, and hematological diseases; and (5) children with isolated 
oral ulcers or perianal lesions.

According to the pediatric CD activity index (PCDAI), children 
with CD were divided into mild active CD (10.0–27.5 points) and 
moderate-to-severe active CD (≥30.0 points).

Clinical data

The general information (name, gender, and age), clinical 
manifestations, and personal and family history were obtained by 
asking about the patient’s medical history. Clinical and laboratory 
indicators were collected 1 day before treatment and 8 weeks after 
treatment and were communicated with the parents. After obtaining 
the consent of the parents and signing the informed consent form, a 
colonoscopy (Olympus Lucera cv-260, Japan) was performed under 
general anesthesia. HE staining and immunohistochemical staining 
were performed to observe the degree of intestinal mucosal damage 
and occludin protein expression.

Short-chain polypeptide-based EEN and 
drug therapy

Short-chain polypeptide-based EEN formula (Petamen Junior, 
Nestle Company, Switzerland) was given by oral or nasogastric tube 
or nasojejunal tube (18). The total amount of short-chain 
polypeptide-based EEN solution was fed per day according to the 
children’s weight. The daily amount of nutrient solution for children 
weighing 1–10 kg, 11–20 kg, and over 20 kg was 100 ml/kg, 
1,000 ml + (children weight  - 10 kg) × 50 ml/kg, and 
1,500 ml + (children weight  - 20 kg) × 20 ml/kg, respectively. The 
energy density was 100 kcal/100 ml. The drug regimens of newly 
diagnosed mild active CD patients included (19): 2–4 g/day of oral 
mesalazine for 8 weeks. The drug regimens of newly diagnosed 
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moderate-to-severe active CD patients included (20): corticosteroids 
were initiated as either 1.5 mg/(kg·day) up to a maximum of 32 mg/
day of intravenous methylprednisolone for 1–2 weeks or 1 mg/
(kg·day) up to a maximum of 40 mg/day of oral prednisone every 
morning for 4 weeks, a taper of 40 mg/day of oral prednisone every 
morning for 2 weeks. An endoscopic reexamination was performed 
after 8 weeks of treatment.

Evaluation of intestinal injury under 
endoscopy

According to the simple endoscopic score for Crohn’s disease 
(SES-CD), a score of ≤2 was considered as CD endoscopic remission, 
3–6 as mild inflammation, 7–15 as moderate inflammation, and ≥ 16 
as severe inflammation (21, 22).

Assessments of intestinal histopathological 
changes

Colonoscopy was performed before treatment and reexamined 
after treatment. The cecum and terminal ileum mucosa were stained 
with HE. Histopathological changes were observed under a light 
microscope (Olympus Company, Japan). Double-blind scoring was 
performed by two pathologists according to the modified Chiu’s score 
standard of small intestinal histopathology (23). The highest score 
observed in the sample was used to determine the degree of 
intestinal injury.

He staining of intestinal tissues

The specimens of ileocecal and ileal tissues were used to prepare 
the paraffin section. Paraffin section dewaxing to water. The sections 
were sequentially placed in xylene, anhydrous ethanol, and gradient 
concentration ethanol for dewaxing. After neutral resin-sealed slides, 
these samples were observed under a microscope.

Immunohistochemical staining of intestinal 
tissues

We took samples of ileocecal colon and terminal ileal mucosa 
from children with CD for paraffin embedding, sectioning, and 
immunohistochemical staining for occludin protein. The method was 
as follows: paraffin sections were dewaxed, hydrated, antigen repaired, 
and then diluted with occludin working solution (Rabbit anti-human 
occludin polyclonal antibody, Abcam company, United States). Sheep 
anti-rabbit IgG (Shanghai Biyuntian Biotechnology Co., Ltd., China) 
was incubated in a 37°C incubator for 30 min. Streptomyces anti-
human occludin peroxidase solution was used to stain, dehydrate, and 
seal with neutral glue. Finally, 10 randomly chosen visual fields were 
observed on each section under a microscope for photography. 
We  then used the Image-Pro Plus 6.0 software to determine the 
average optical density (OD) values of occludin-positive tissues on the 
staining sections, which is a quantitative occludin protein method and 
one of the indicators to evaluate intestinal TJ barrier function. In this 

study, OD values can be used as one of the quantitative values to 
evaluate the tight junction function of intestinal epithelium before and 
after CD treatment.

Determination of I-FABP and FC levels

One day before the endoscopic examination, blood and stool 
samples were collected from children with active CD, and I-FABP and 
FC were detected, respectively. After 8 weeks of treatment, 
we conducted an endoscopic reexamination and collected blood and 
stool samples again 1 day before the endoscopic examination for 
I-FABP and FC detection, which were compared and analyzed with 
those before the examination. The methods of the I-FABP and FC 
detection were as follows: 2 ml of blood was collected from the elbow 
vein and placed in a centrifuge for further testing (Beijing Baiyang 
Medical Equipment Co. Ltd., China). The supernatant was taken, and 
the I-FABP was determined using the ELISA Kit (Shanghai Xitang 
Technology Co. Ltd., China). Fecal samples were added to normal 
saline according to the ratio of 1:50 (mass/volume) and shaken for 
20 min. A total of 1 ml of homogenate was placed in the centrifuge, 
and 0.5 ml of supernatant was taken for detection by the ELISA kit 
(Wuhan Xinqidi Biotechnology Co. Ltd., China).

Statistical analysis

SPSS 21 software was used for statistical analysis. The 
measurement data were expressed by mean ± standard deviation. The 
comparison between both groups was conducted by t-test. The 
chi-square test was used to compare the count data between groups, 
p < 0.05 indicated that the difference was statistically significant.

Results

The effect of short-chain 
polypeptide-based EEN formulas on 
intestinal injury of active CD

General evaluation of clinical data
There were 41 children with mild active CD, including 21 cases in 

the drug group and 20 cases in the short-chain polypeptide plus drug 
group, and 43 children with moderate-to-severe active CD, including 
21 cases in the drug group and 22 cases in the short-chain polypeptide 
plus drug group. There were no significant differences in age, clinical 
manifestations, and intestinal involvement sites at the same active CD 
severity between both groups (Table 1).

The effect of short-chain 
polypeptide-based EEN formulas on PCDAI 
score

PCDAI is one of the important indicators to evaluate the severity 
of disease activity and evaluate the efficacy of pediatric CD. In this 
study, the PCDAI score of children with mild active CD was 
25.50 ± 1.80  in the short-chain polypeptide plus drug group and 
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25.64 ± 2.03  in the drug group before treatment. There was no 
significant difference between the two groups (p > 0.05). After 
treatment, the PCDAI score of children in the short-chain polypeptide 
plus drug group (9.43 ± 2.22) was lower than that in the drug group 
(11.26 ± 2.64; p < 0.05).

For children with moderate-to-severe active CD, the PCDAI score 
was 56.34 ± 7.06 in the short-chain polypeptide plus drug group and 
56.79 ± 9.92  in the drug group before treatment. There was no 
significant difference between the two groups (p > 0.05). After 
treatment, the PCDAI score of children in the short-chain polypeptide 
plus drug group (10.91 ± 2.92) was significantly lower than that in the 
drug group (13.57 ± 2.95) (p < 0.05), which suggests that short-chain 
polypeptide-based EEN feeding reduces disease activity.

The effect of short-chain 
polypeptide-based EEN formulas on 
SES-CD score in intestinal tissues

Adequate endoscopic scoring in pediatric CD is crucial as an 
outcome parameter in clinical trials (21). In this study, the SES-CD 
score of the terminal ileum and ileocecal mucosa was 5.67 ± 0.47 and 
4.67 ± 0.47 in the drug group and 5.31 ± 0.41 and 4.33 ± 1.25 in the 

short-chain polypeptide plus drug group before treatment for children 
with mild active CD. There was no significant difference at the same 
site between the two groups. The SES-CD score of terminal ileum 
mucosa in the drug group after treatment was 2.00 ± 0.41, which was 
significantly higher than that in the short-chain polypeptide plus drug 
group (1.00 ± 0.32, p < 0.05; Figure  1G). However, there was no 
significant difference in the SES-CD score of ileocecal mucosa 
between the drug group (2.33 ± 0.47) and the short-chain polypeptide 
plus drug group (2.66 ± 0.47) after treatment (Figure 1g).

For children with moderate-to-severe active CD, the SES-CD 
score of terminal ileum mucosa was 9.67 ± 0.47 vs. 9.00 ± 0.15 in the 
drug group and 6.67 ± 2.05 vs. 2.67 ± 2.05  in the short-chain 
polypeptide plus drug group before and after treatment, respectively. 
There was no significant difference between the two groups 
(Figure 2G). In addition, the SES-CD score of ileocecal mucosa was 
9.67 ± 0.47  in the drug group and 7.66 ± 0.47  in the short-chain 
polypeptide plus drug group before treatment. There was no 
significant difference between the two groups. After treatment, the 
SES-CD score of ileocecal mucosa in the drug group (9.33 ± 0.47) was 
significantly higher than that in the short-chain polypeptide plus drug 
group (2.0 ± 2.16) (p < 0.05; Figure  2g). These results suggest that 
short-chain polypeptide-based EEN feeding alleviates intestinal 
mucosal injury of active CD under endoscopic observation.

TABLE 1 Clinical data of children with active CD.

Mild active CD p value Moderate to severe active CD P value

Drug treatment 
group

Short peptide 
plus drug 
treatment 

group

Drug treatment 
group

Short peptide 
plus drug 
treatment 

group

Sample size (n) 21 20 21 22

Male/female 9/12 9/11 0.747 9/12 7/15 0.311

Age (year) 4.62 ± 2.54 3.58 ± 1.00 0.700 5.13 ± 2.60 4.59 ± 2.01 0.400

Positive family history 0 (0%) 1 (5%) 0.311 1 (5%) 1 (5%) 1.000

Clinical manifestation

Abdominal pain 18 (85%) 16 (80%) 0.677 19 (90%) 19 (85%) 0.633

Diarrhea 10 (45%) 10 (50%) 0.757 11 (50%) 13 (55%) 0.752

Hematochezia 5 (25%) 4 (20%) 0.705 5 (20%) 4 (10%) 0.376

Fever 3 (10%) 1 (5%) 0.548 4 (15%) 4 (10%) 0.633

Arthralgia 1 (5%) 0 (0%) 0.311 2(5%) 5 (20%) 0.151

Montreal classification

Age of diagnosis

A1 21 (100%) 20 (100%) 21 (100%) 22 (100%)

Site of intestinal involvement

L1 6 (29%) 7 (35%) 0.658 5 (24%) 6 (27%) 0.795

L2 3 (14%) 2 (10%) 0.675 2 (10%) 2 (9%) 0.961

L3 14 (67%) 11 (55%) 0.444 14 (66%) 14 (64%) 0.835

Disease behavior

B1 20 (95%) 19 (95%) 0.972 17 (81%) 17 (77%) 0.767

B2 1 (5%) 1 (5%) 0.972 4 (19%) 5 (23%) 0.767

p 1 (5%) 1 (5%) 0.972 4 (15%) 4 (15%) 0.942

Short peptide: short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD (oral mesalazine) and moderate-to-severe active CD (intravenous methylprednisolone or oral 
prednisone).
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FIGURE 1

Comparison of SES-CD score, Chiu’s score, and the expression of occludin in ileum mucosa between the drug group and short-chain polypeptide-
based EEN plus drug group before and after treatment in children with mild active CD. (A–I) Ileum mucosa; (a–i) ileocecal mucosa. (Aa, Cc, Ee) Drug 
groups; (Bb, Dd, Ff) short peptide plus drug groups. Short peptide: short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD: oral 
mesalazine. *Compared with the drug group, p < 0.05.

FIGURE 2

Comparison of SES-CD score, Chiu’s score, and the expression of occludin between the drug group and short-chain polypeptide-based EEN plus drug 
group before and after treatment in children with moderate-to-severe active CD. (A–I) Ileum mucosa; (a–i) ileocecal mucosa. (Aa, Cc, Ee) Drug 
groups; (Bb, Dd, Ff) short-chain polypeptide-based EEN peptide plus drug groups. Short peptide: short-chain polypeptide-based EEN formulas. Drug 
regimen in moderate-to-severe active CD: intravenous methylprednisolone or oral prednisone. *Compared with the drug group, p < 0.05.
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The effect of short-chain 
polypeptide-based EEN formulas on Chiu’s 
score in intestinal tissues

The results of the pathological analysis of intestinal tissue slices 
are shown in Figures 1, 2. No significant differences in the degree of 
histological damage were observed before treatment between the 
intestinal specimens of the drug and short-chain polypeptide plus 
drug groups. In addition to the terminal ileum of children in the 
moderate-to-severe active CD group, intestinal injury in other groups 
was significantly reduced after treatment compared to before 
treatment (p < 0.05).

For children with mild active CD, the Chiu’s score of the terminal 
ileum and ileocecal mucosa was 4.67 ± 0.47 and 5.50 ± 0.50 in the drug 
group and 5.00 ± 1.41 and 5.50 ± 0.50 in the short-chain polypeptide 
plus drug group before treatment. There was no significant difference 
at the same site between the two groups. The Chiu’s score of the 
terminal ileum and ileocecal mucosa in the drug group after treatment 
was 2.67 ± 0.47 and 2.50 ± 1.11, respectively, which was significantly 
higher than that in the drug group (1.00 ± 0.82 and 0.50 ± 1.11, 
respectively, p < 0.05; Figures 1H,h).

For children with moderate-to-severe active CD, the Chiu’s score 
of terminal ileum mucosa was 5.67 ± 0.47 vs. 4.33 ± 0.94 in the drug 
group and 5.67 ± 0.47 vs. 3.30 ± 0.47 in the short-chain polypeptide 
plus drug group before and after treatment, respectively. There is no 
significant difference between the two groups (Figure 2H). The Chiu’s 
score of ileocecal mucosa was 5.67 ± 0.47  in the drug group and 
5.67 ± 0.47  in the short-chain polypeptide plus drug group before 
treatment. There was no significant difference between the two groups. 
After treatment, the Chiu’s score of ileocecal mucosa in the drug group 
(2.10 ± 0.41) was significantly higher than that in the short-chain 
polypeptide plus drug group (1.00 ± 0.41; p < 0.05; Figure 2h). The 
results suggest that short-chain polypeptide-based EEN feeding 
alleviates histological damage caused by active CD.

The effect of short-chain 
polypeptide-based EEN formulas on the 
OD values of occludin in intestinal tissues

Furthermore, we  tested the expression of the occludin and 
calculated the OD value in the intestinal tissues (Figures 1, 2). For 
children with mild active CD, the OD value of occludin in the terminal 
ileum and ileocecal mucosa was 0.34 ± 0.10 and 0.41 ± 0.04 in the drug 
group, 0.46 ± 0.02 and 0.37 ± 0.01 in the short-chain polypeptide plus 
drug group before treatment. There were no significant differences at 
the same site between the two groups. The OD value of occludin in the 
terminal ileum and ileocecal mucosa was 0.41 ± 0.05 and 0.43 ± 0.02, 
respectively, in the drug group after treatment, which was significantly 
lower than that in the short-chain polypeptide plus drug group 
(0.62 ± 0.05 and 0.58 ± 0.05, respectively, p < 0.05) (Figures 1I,i).

For children with moderate-to-severe active CD, the OD value of 
occludin in the terminal ileum mucosa was 0.36 ± 0.05 vs. 0.45 ± 0.01 in 
the drug group and 0.47 ± 0.02 vs. 0.57 ± 0.05  in the short-chain 
polypeptide plus drug group before and after treatment, respectively. 
There was no significant difference between the two groups (Figure 2I). 
The OD value of occludin in the ileocecal mucosa was 0.42 ± 0.01 in the 
drug group and 0.39 ± 0.01 in the short-chain polypeptide plus drug 

group before treatment. There was no significant difference between the 
two groups. After treatment, the OD value of occludin in the ileocecal 
mucosa (0.51 ± 0.03) in the drug group was significantly lower than that 
in the short-chain polypeptide plus drug group (0.70 ± 0.01; p < 0.05; 
Figure 2i). In all, the OD value of occludin protein in the intestines after 
the short-chain polypeptide-based EEN combined with drug therapy 
was higher than that in the drug group.

The effect of short-chain 
polypeptide-based EEN formulas on the 
levels of I-FABP in the blood and FC

I-FABP and FC are often used to evaluate inflammatory levels in 
intestinal injury models. Therefore, we tested I-FABP in the blood and 
FC in the fecal samples (Figure 3). For children with mild active CD, 
the concentration of I-FABP and FC was (81.13 ± 11.12) ng/ml and 
(1389.8 ± 229.97) ug/g in the drug group vs. (91.28 ± 24.15) ng/ml and 
(1256.82 ± 304.48) ug/g in the short-chain polypeptide plus drug group 
before treatment. There was no significant difference between the two 
groups. After treatment, the concentration of I-FABP and FC in the 
short-chain polypeptide plus drug group [(33.73 ± 7.19) ng/ml and 
(432.35 ± 218.46) ug/g] was significantly lower than that in the drug 
group [(68.39 ± 8.07) ng/ml and (956.13 ± 69.68) ug/g, p < 0.05; 
Figures 3A,C]. For children with moderate-to-severe active CD, the 
concentration of I-FABP and FC was (1349.8 ± 213.95) ng/ml and 
(1985.26 ± 277.67) ug/g in the drug group vs. (1137.17 ± 38.35) ng/ml 
and (2017.00 ± 484.23) ug/g in the short-chain polypeptide plus drug 
group before treatment. There was no significant difference between 
the two groups. After treatment, the concentration of I-FABP and FC 
in the short-chain polypeptide plus drug group [(542.21 ± 97.51) ng/
ml and (1038.28 ± 130.3) ug/g] was significantly lower than that in the 
drug group [(854.69 ± 189.72) ng/ml and (1616.41 ± 133.54) ug/g, 
p < 0.05; Figures  3B,D]. The findings show that lower levels of 
inflammation occurred in the short-chain polypeptide plus drug group.

Discussion

The main therapeutic goal of pediatric CD is to induce and 
maintain clinical remission and mucosal healing, promote growth 
and development, and improve quality of life in children (24). It is 
increasingly important to accurately quantify the measurable 
concepts, including children-reported symptoms, intestinal damage 
and transmural inflammation, histologic appearance, as well as 
quality of life, disability, and other patient-centered attributes (25). 
Standardized indices, which show sufficient validity, reliability, and 
responsiveness to change are not only mandatory for implementing 
the treat-to-target approach but are also critical for assessing the 
effectiveness of emerging medications (25). Certain indicators can 
be  accurately assessed through the use of existing measurement 
methods including PCDAI, SES-CD, Chiu’s score, and FC 
and I-FABP.

PCDAI, as one of the pediatric indices and scales for assessing 
disease activity, is well established. In this study, the score of PCDAI 
in both the mild and moderate-to-severe CD groups decreased 
significantly after short-chain polypeptide-based EEN was combined 
with drugs. It suggests that the short-chain polypeptide-based EEN 
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combined with drug regimens has more efficacy in reducing the 
disease activity of pediatric active CD than that of drug regimens alone.

Healing of mucosal lesions is an important endpoint in clinical 
trials of treatments for pediatric CD. Mucosal healing has been 
proposed as a new target of pediatric CD therapy. Nowadays, the CD 
endoscopic index of severity is the only validated endoscopic activity 
score. However, this index has the disadvantage of being complex and 
time-consuming, which limits its application in clinical practice (26). 
Thus, the simple endoscopic score for SES-CD as a widely used index 
is suitable for evaluating clinical and endoscopic activity (21). 
Furthermore, intestinal histopathological changes detected by 
HE  staining and Chiu’s scores are used to make more accurate 
assessments of the severity of the intestinal injury, which is currently 
the most commonly used method (23). This study found that, 
regardless of whether terminal ileum or ileocecal area, after treatment 
of short-chain polypeptide-based EEN combined with drugs, the 
endoscopic score for SES-CD and histopathological Chiu’s scores 
decreased significantly in children with mild CD. While the same 
changes occurred in the ileocecal region of the lesion in children with 
moderate-to-severe active CD. It was shown that short-chain 
polypeptide-based EEN feeding can promote mucosal healing and 
induce and maintain CD remission, which is obvious in children with 
mild CD. For children with moderate-to-severe CD, the degree of 
recovery of the terminal ileum and ileocecal area is significantly 
different. It is speculated that the recovery speed of intestinal barrier 
function varies with the location where CD involves the intestines. 
Additionally, we found that the improvement of SES-CD endoscopic 
score and histopathological Chiu score in the ileocecal area of children 
with moderate-to-severe active CD was significantly better than that 
of children with mild active CD, which suggests that the degree of 
recovery of intestinal mucosal injury in the ileocecal area of children 
with moderate-to-severe CD was significantly higher than that of 
children with mild CD. It is speculated that the possible reason for this 
profound difference is that methylprednisolone or prednisone is the 

combined drug for the treatment of children with moderate-to-severe 
active CD, which is more effective than mesalazine for mild active CD 
treatment in inducing remission and promoting mucosal healing.

The intestinal epithelial cell apoptosis and the dysfunction of the 
intestinal epithelial barrier are the principal reasons for the increased 
intestinal permeability in CD (27). The main function of the intestinal 
epithelial barrier is to maintain intestinal permeability, which is 
formed by the dynamic changes of TJ and responds to different 
extracellular stimuli. Occludin can regulate the formation of TJ 
through protein–protein interaction (28). Previous studies have 
shown that injury to intestinal epithelial TJ is the leading cause of CD 
onset with underexpression of TJ-related proteins including occludin 
(29). In this study, the OD values of occludin in the terminal ileum 
and ileocecal area of the mild active CD and ileocecal area of 
moderate-to-severe active CD after short-chain polypeptide-based 
EEN feeding combined with drug treatment were significantly higher 
than those in the drug group, which suggests that the short-chain 
polypeptide-based EEN combined with drug regimens have more 
efficacy in alleviating gut damage and promoting mucosal healing of 
active CD than that of drug regimens alone.

FC is released by innate immune cells activated during cellular 
stress and injury (30). A prospective cohort study showed that the 
sensitivity and specificity of FC in CD were 100 and 97%, respectively 
(31). The study also found that the FC level in colonic active CD was 
significantly higher than that in ileal active CD (32). Sipponen et al. 
(33) showed that infliximab after 12 weeks of treatment had a 
significant decrease in FC, which is related to the endoscopic severity 
index (γ = 0.561, p = 0.03), indicating that FC is related to mucosal 
healing under endoscopy. In this study, there were no significant 
differences in the FC level between the two groups before treatment. 
However, the FC level was sharply lower in the short-chain 
polypeptide-based EEN plus drug group than that in the drug group, 
suggesting that short-chain polypeptide-based EEN feeding can 
promote the intestinal mucosal healing of children with active CD.

FIGURE 3

Comparison of the levels of I-FABP and FC between the drug group and short-chain polypeptide-based EEN plus drug group before and after 
treatment. (A,C) Levels of I-FABP in children with mild active CD. (B,D) Levels of FC in children with moderate-to-severe active CD. Short peptide: 
short-chain polypeptide-based EEN formulas. Drug regimen in mild active CD (oral mesalazine) and drug regimen in moderate-to-severe active CD 
(intravenous methylprednisolone or oral prednisone). *Compared with the drug group, p < 0.05.
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I-FABP is a type of low molecular weight (15 kDa) intracellular 
protein that plays a role in fatty acid transport and metabolism (34). 
I-FABP presents a gradient distribution in the mature small intestinal 
mucosa, the content of villi is higher than that of lacuna and the content 
of the proximal and middle 1/3 of the jejunum is higher than that of the 
distal 1/3 of the jejunum (35). Murat et al. showed that I-FABP is a useful 
systemic marker for CD activity (36). In this study, there were no 
differences between the two groups before treatment despite whether 
the children had mild or moderate-to-severe active CD. However, 
I-FABP levels in the blood significantly decreased after short-chain 
polypeptide-based EEN formulas combined with drug treatment 
compared with that in the drug group. The reason may be that short-
chain polypeptide-based EEN feeding promotes the recovery of the 
surface of the intestinal mucosal villi, which is easily affected by active 
CD and reduces the release of I-FABP into the peripheral blood.

Conclusion

The study found that short-chain polypeptide-based EEN 
formulas effectively alleviate gut damage in children with active 
CD. When they are combined with drug regimens, they show more 
efficacy than drug regimens alone. Short-chain polypeptides can 
be absorbed by the intestinal tract without digestive enzymes and ATP 
energy, contributing, in particular, to the recovery of damaged 
intestinal mucosa of pediatric CD. Therefore, short-chain polypeptide-
based EEN formulas should be recommended for the induction of 
remission in children with newly diagnosed active CD. Due to the 
limitations of a single center, a small sample size, and the lack of long-
term follow-up data, it is necessary to conduct a multicenter 
prospective randomized trial with a larger sample size and extend the 
follow-up observation time to provide definite evidence to establish 
the extent of the benefits.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

This study was approved by the ethics committee of children’s 
Hospital of Nanjing Medical University. Written informed consent to 
participate in this study was provided by the participants’ legal 

guardian/next of kin. Written informed consent was obtained from 
the minor(s)’ legal guardian/next of kin for the publication of any 
potentially identifiable images or data included in this article.

Author contributions

HY and YJ conceived of the idea and were responsible for the 
planning, content, and structure of the article. HY wrote the initial 
manuscript draft. RW, JY and JC performed clinical case observation, 
data collection and analysis. PW, CW, WC, YW and XZ participated 
in the collection of intestinal tissue samples and immunohistochemical 
experiments, data collection and analysis. All authors contributed to 
the article and approved the submitted version.

Funding

The study was supported by grants from the Scientific 
Development Project of Nanjing City (no. 201605045), the Medical 
Science and Technology Development Project of Nanjing City 
(YKK21153), and the Science and Technology Development Project 
of Nanjing Medical University (NMUB2020101).

Acknowledgments

We are grateful to Min Lian, Hongmei Guo, and Zhifeng Liu for 
their important help in the endoscopic diagnosis of Crohn’s disease in 
children and to Lina Landu Siwi for conducting the English 
language editing.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Marques JG, Schwerd T, Bufler P, Koletzko S, Koletzko B. Metabolic changes during 

exclusive enteral nutrition in pediatric Crohn's disease patients. Metabolomics. (2022) 
18:96. doi: 10.1007/s11306-022-01953-0

 2. Rosen MJ, Dhawan A, Saeed SA. Inflammatory bowel disease in children and 
adolescents. JAMA Pediatr. (2015) 169:1053–60. doi: 10.1001/jamapediatrics.2015. 
1982

 3. Kuenzig ME, Fung SG, Marderfeld L, Mak JWY, Kaplan GG, Ng SC, et al. Twenty-
first century trends in the global epidemiology of pediatric-onset inflammatory bowel 
disease: systematic review. Gastroenterology. (2022) 162:1147–1159.e4. doi: 10.1053/j.
gastro.2021.12.282

 4. Kaminsky LW, Al-Sadi R, Ma TY. IL-1β and the intestinal epithelial tight junction 
barrier. Front Immunol. (2021) 12:767456. doi: 10.3389/fimmu.2021.767456

 5. Rawat M, Nighot M, al-Sadi R, Gupta Y, Viszwapriya D, Yochum G, et al. IL1B 
increases intestinal tight junction permeability by up-regulation of MIR200C-3p, which 
degrades Occludin mRNA. Gastroenterology. (2020) 159:1375–89. doi: 10.1053/j.
gastro.2020.06.038

 6. Chou HC, Cheng CM, Yang CH, Lin TY, Liu YW, Tan TH, et al. DUSP3 
regulates phosphorylation-mediated degradation of occludin and is required for 
maintaining epithelial tight junction. J Biomed Sci. (2022) 29:40. doi: 10.1186/
s12929-022-00826-x

https://doi.org/10.3389/fnut.2023.931004
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s11306-022-01953-0
https://doi.org/10.1001/jamapediatrics.2015.1982
https://doi.org/10.1001/jamapediatrics.2015.1982
https://doi.org/10.1053/j.gastro.2021.12.282
https://doi.org/10.1053/j.gastro.2021.12.282
https://doi.org/10.3389/fimmu.2021.767456
https://doi.org/10.1053/j.gastro.2020.06.038
https://doi.org/10.1053/j.gastro.2020.06.038
https://doi.org/10.1186/s12929-022-00826-x
https://doi.org/10.1186/s12929-022-00826-x


Wu et al. 10.3389/fnut.2023.931004

Frontiers in Nutrition 09 frontiersin.org

 7. Nuzzo A, Guedj K, Curac S, Hercend C, Bendavid C, Gault N, et al. Accuracy of 
citrulline, I-FABP and D-lactate in the diagnosis of acute mesenteric ischemia. Sci Rep. 
(2021) 11:18929. doi: 10.1038/s41598-021-98012-w

 8. Logan M, MacKinder M, Clark CM, Kountouri A, Jere M, Ijaz UZ, et al. Intestinal 
fatty acid binding protein is a disease biomarker in paediatric coeliac disease and 
Crohn's disease. BMC Gastroenterol. (2022) 22:260. doi: 10.1186/s12876-022-02334-6

 9. al-Saffar AK, Meijer CH, Gannavarapu VR, Hall G, Li Y, Diaz Tartera HO, et al. 
Parallel changes in Harvey-Bradshaw index, TNFα, and intestinal fatty acid binding 
protein in response to infliximab in Crohn's disease. Gastroenterol Res Pract. (2017) 
2017:1–8. doi: 10.1155/2017/1745918

 10. Ashton JJ, Gavin J, Beattie RM. Exclusive enteral nutrition in Crohn's disease: 
evidence and practicalities. Clin Nutr. (2019) 38:80–9. doi: 10.1016/j.clnu.2018.01.020

 11. Ruemmele FM, Veres G, Kolho KL, Griffiths A, Levine A, Escher JC, et al. 
Consensus guidelines of ECCO/ESPGHAN on the medical management of pediatric 
Crohn's disease. J Crohns Colitis. (2014) 8:1179–207. doi: 10.1016/j.crohns.2014.04.005

 12. Miele E, Shamir R, Aloi M, Assa A, Braegger C, Bronsky J, et al. Nutrition in 
pediatric inflammatory bowel disease: a position paper on behalf of the Porto 
inflammatory bowel disease group of the European society of pediatric gastroenterology, 
hepatology and nutrition. J Pediatr Gastroenterol Nutr. (2018) 66:687–708. doi: 10.1097/
MPG.0000000000001896

 13. Narula N, Dhillon A, Zhang D, Sherlock ME, Tondeur M, Zachos M. Enteral 
nutritional therapy for induction of remission in Crohn's disease. Cochrane Database 
Syst Rev. (2018) 2018:CD000542. doi: 10.1002/14651858.CD000542.pub3

 14. Ibrahim H, Mansour M, El Gendy YG. Peptide-based formula versus standard-
based polymeric formula for critically ill children: is it superior for patients' tolerance? 
Arch Med Sci. (2020) 16:592–6. doi: 10.5114/aoms.2020.94157

 15. Yılmaz D, Sönmez F, Karakaş S, Yavaşcan Ö, Aksu N, Ömürlü İK, et al. Evaluation 
of nutritional status in children during predialysis, or treated by peritoneal dialysis or 
hemodialysis. J Trop Pediatr. (2016) 62:178–84. doi: 10.1093/tropej/fmv094

 16. Zhang J, Yu WQ, Wei T, Zhang C, Wen L, Chen Q, et al. Effects of short-peptide-
based enteral nutrition on the intestinal microcirculation and mucosal barrier in mice 
with severe acute pancreatitis. Mol Nutr Food Res. (2020) 64:e1901191. doi: 10.1002/
mnfr.201901191

 17. Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder L, et al. 
ESPGHAN revised Porto criteria for the diagnosis of inflammatory bowel disease in 
children and adolescents. J Pediatr Gastroenterol Nutr. (2014) 58:795–806. doi: 10.1097/
MPG.0000000000000239

 18. Lu B, Xu A, Li J, Xu Z, Li H, Zhao Z. Nursing effect of nasoscopically assisted 
nasogastri tube and nasojejunal tube placement. Am J Transl Res. (2021) 13:10758–64.

 19. Lim WC, Wang Y, MacDonald JK, Hanauer S. Aminosalicylates for induction of 
remission or response in Crohn's disease. Cochrane Database Syst Rev. (2016) 
2016:CD008870. doi: 10.1002/ 14651858.CD008870.pub2

 20. Markowitz J, Grancher K, Kohn N, Lesser M, Daum F. A multicenter trial of 
6-mercaptopurine and prednisone in children with newly diagnosed Crohn's disease. 
Gastroenterology. (2000) 119:895–902. doi: 10.1053/gast.2000.18144

 21. van der Does de Willebois EML, Duijvestein M, Wasmann KA, D’Haens GRAM, 
van der Bilt JDW, Mundt MW, et al. Endoscopic recurrence or anastomotic wound 
healing phenomenon after ileocolic resection for Crohn's disease: the challenges of 
accurate endoscopic scoring. J Crohns Colitis. (2022):jjac175. doi: 10.1093/ecco-jcc/
jjac175

 22. Kammermeier J, Dziubak R, Pescarin M, Drury S, Godwin H, Reeve K, et al. 
Phenotypic and genotypic characterisation of inflammatory bowel disease presenting 
before the age of 2 years. J Crohns Colitis. (2017) 11:60–9. doi: 10.1093/ecco-jcc/jjw118

 23. Eszter Müller K, Laszlo Lakatos P, Papp M, Veres G. Incidence and Paris 
classification of pediatric inflammatory bowel disease. Gastroenterol Res Pract. (2014) 
2014:904307. doi: 10.1155/2014/904307

 24. Melek J, Štanclová M, Dědek P, Malý J, Bayer M, Pozler O, et al. Infliximab plus 
azathioprine is more effective than azathioprine alone in achieving mucosal healing in pediatric 
patients with Crohn's disease. J Dig Dis. (2020) 21:705–10. doi: 10.1111/1751-2980.12927

 25. Ledder O, Turner D. Multi-item measures for pediatric inflammatory bowel 
diseases: the ABCs of all those acronyms. J Crohns Colitis. (2023):jjad019. doi: 10.1093/
ecco-jcc/jjad019

 26. Moriichi K, Fujiya M, Okumura T. The endoscopic diagnosis of mucosal healing 
and deep remission in inflammatory bowel disease. Dig Endosc. (2021) 33:1008–23. doi: 
10.1111/den.13863

 27. Bao CH, Wu LY, Shi Y, Wu HG, Liu HR, Zhang R, et al. Moxibustion down-
regulates colonic epithelial cell apoptosis and repairs tight junctions in rats with Crohn's 
disease. World J Gastroenterol. (2011) 17:4960–70. doi: 10.3748/wjg.v17.i45.4960

 28. Shi Y, Bao CH, Wu HG, Ma XP, Yu LQ, Zhang R, et al. Effect of moxibustion on 
colonic TNF-alpha content and influence of colonic supernatant of crohn's disease rats 
undergoing moxibustion on expression of occludin, claudin-1 and zonula occludens-1 
proteins and genes in cultured colonic epithelial cells. Zhen Ci Yan Jiu. (2011) 36:235–41.

 29. Ji R, Wang A, Shang H, Chen L, Bao C, Wu L, et al. Herb-partitioned moxibustion 
upregulated the expression of colonic epithelial tight junction-related proteins in 
Crohn's disease model rats. Chin Med. (2016) 11:20. doi: 10.1186/s13020-016-0090-0

 30. Szymanska E, Bierla J, Dadalski M, Wierzbicka A, Konopka E, Cukrowska B, et al. New 
non-invasive biomarkers of intestinal inflammation and increased intestinal permeability in 
pediatric inflammatory bowel diseases and their correlation with fecal calprotectin: a pilot 
study. Minerva Gastroenterol. (2022). doi: 10.23736/S2724-5985.22.03156-4

 31. von Roon AC, Karamountzos L, Purkayastha S, Reese GE, Darzi AW, Teare JP, et al. 
Diagnostic precision of fecal calprotectin for inflammatory bowel disease and colorectal 
malignancy. Am J Gastroenterol. (2007) 102:803–13. doi: 10.1111/j.1572-0241.2007. 
01126.x

 32. Sipponen T, Björkesten CG, Färkkilä M, Nuutinen H, Savilahti E, Kolho KL. Faecal 
calprotectin and lactoferrin are reliable surrogate markers of endoscopic response 
during Crohn's disease treatment. Scand J Gastroenterol. (2010) 45:325–31. doi: 
10.3109/00365520903483650

 33. Sipponen T, Savilahti E, Kärkkäinen P, Kolho KL, Nuutinen H, Turunen U, et al. 
Fecal calprotectin, lactoferrin, and endoscopic disease activity in monitoring anti-TNF-
alpha therapy for Crohn's disease. Inflamm Bowel Dis. (2008) 14:1392–8. doi: 10.1002/
ibd.20490

 34. Funaoka H, Kanda T, Fujii H. Intestinal fatty acid-binding protein (I-FABP) as a 
new biomarker for intestinal diseases. Rinsho Byori. (2010) 58:162–8. Japanese. 

 35. Derikx JP, Vreugdenhil AC, Van den Neucker AM, Grootjans J, van Bijnen AA, 
Damoiseaux JG, et al. A pilot study on the noninvasive evaluation of intestinal damage 
in celiac disease using I-FABP and L-FABP. J Clin Gastroenterol. (2009) 43:727–33. doi: 
10.1097/MCG.0b013e 31819194b0

 36. Sarikaya M, Ergül B, Doğan Z, Filik L, Can M, Arslan L. Intestinal fatty acid 
binding protein (I-FABP) as a promising test for Crohn's disease: a preliminary study. 
Clin Lab. (2015) 61:87–91. doi: 10.7754/clin.lab.2014.140518

https://doi.org/10.3389/fnut.2023.931004
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/s41598-021-98012-w
https://doi.org/10.1186/s12876-022-02334-6
https://doi.org/10.1155/2017/1745918
https://doi.org/10.1016/j.clnu.2018.01.020
https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1097/MPG.0000000000001896
https://doi.org/10.1097/MPG.0000000000001896
https://doi.org/10.1002/14651858.CD000542.pub3
https://doi.org/10.5114/aoms.2020.94157
https://doi.org/10.1093/tropej/fmv094
https://doi.org/10.1002/mnfr.201901191
https://doi.org/10.1002/mnfr.201901191
https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1097/MPG.0000000000000239
https://doi.org/10.1002/ 14651858.CD008870.pub2
https://doi.org/10.1053/gast.2000.18144
https://doi.org/10.1093/ecco-jcc/jjac175
https://doi.org/10.1093/ecco-jcc/jjac175
https://doi.org/10.1093/ecco-jcc/jjw118
https://doi.org/10.1155/2014/904307
https://doi.org/10.1111/1751-2980.12927
https://doi.org/10.1093/ecco-jcc/jjad019
https://doi.org/10.1093/ecco-jcc/jjad019
https://doi.org/10.1111/den.13863
https://doi.org/10.3748/wjg.v17.i45.4960
https://doi.org/10.1186/s13020-016-0090-0
https://doi.org/10.23736/S2724-5985.22.03156-4
https://doi.org/10.1111/j.1572-0241.2007.01126.x
https://doi.org/10.1111/j.1572-0241.2007.01126.x
https://doi.org/10.3109/00365520903483650
https://doi.org/10.1002/ibd.20490
https://doi.org/10.1002/ibd.20490
https://doi.org/10.1097/MCG.0b013e 31819194b0
https://doi.org/10.7754/clin.lab.2014.140518

	Efficacy of short-chain polypeptide-based EEN formulas in alleviating intestinal injury in children with Crohn’s disease: a single-center study in China
	Introduction
	Materials and methods
	Patients
	Inclusion and exclusion criteria
	Clinical data
	Short-chain polypeptide-based EEN and drug therapy
	Evaluation of intestinal injury under endoscopy
	Assessments of intestinal histopathological changes
	He staining of intestinal tissues
	Immunohistochemical staining of intestinal tissues
	Determination of I-FABP and FC levels
	Statistical analysis

	Results
	The effect of short-chain polypeptide-based EEN formulas on intestinal injury of active CD
	General evaluation of clinical data
	The effect of short-chain polypeptide-based EEN formulas on PCDAI score
	The effect of short-chain polypeptide-based EEN formulas on SES-CD score in intestinal tissues
	The effect of short-chain polypeptide-based EEN formulas on Chiu’s score in intestinal tissues
	The effect of short-chain polypeptide-based EEN formulas on the OD values of occludin in intestinal tissues
	The effect of short-chain polypeptide-based EEN formulas on the levels of I-FABP in the blood and FC

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

