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Objective: Non-small cell lung cancer (NSCLC) patients present a high incidence

of venous thromboembolism (VTE) with poor prognosis. It is crucial to identify and

diagnose VTE early. The study aimed to identify potential protein biomarkers and

mechanism of VTE in NSCLC patients via proteomics research.

Methods: Proteomic analysis of the human plasma was performed through data-

independent acquisition mass spectrometry for 20 NSCLC patients with VTE, and

15 NSCLC patients without VTE. Significantly differentially expressed proteins were

analyzed by multiple bioinformatics method for further biomarker analysis.

Results: A total of 280 differentially expressed proteins were identified in VTE and

non-VTE patients, where 42 were upregulated and 238 were downregulated.

These proteins were involved in acute-phase response, cytokine production,

neutrophil migration and other biological processes related to VTE and

inflammation. Five proteins including SAA1, S100A8, LBP, HP and LDHB had

significant change between VTE and non-VTE patients, with the area under the

curve (AUC) were 0.8067, 0.8308, 0.7767, 0.8021, 0.8533, respectively.

Conclusions: SAA1, S100A8, LBP, HP and LDHB may serve as potential plasma

biomarkers for diagnosis VTE in NSCLC patients.
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1 Introduction

Venous thromboembolism (VTE), comprising deep vein

thrombosis (DVT) and pulmonary embolism (PE), is the common

complications and a leading cause of death in patients with cancer (1).

The risk of VTE is 4-7 fold higher in patients with cancer than in

those without cancer (2, 3). Different cancer types carry different VTE

risk (4). Lung cancer is the most common malignancy worldwide and

is well established to be high risk of VTE, which account up to 21% of

cancer-associated thrombotic cases (5, 6). Non-small cell lung cancer

(NSCLC) accounts for more than 80% of lung cancer, with the

reported incidence of DVT 13.6% and that of PE to 3.7% (7, 8).

The incidence of VTE is higher in patients with NSCLC compared to

patients with small cell lung cancer (SCLC) (9).

The diagnosis of VTE mainly depends on ultrasound, venography

or pulmonary angiography owing to the lack of typical clinical signs

and symptoms, but their costs, invasiveness and subjectivity limit the

use in clinical practice. VTE can be ruled out based on a negative D-

dimer test result. However, D-dimer may increase in case of cancer,

inflammation, infection or necrosis which lead to a poor positive

predictive. Cancer patients benefit less from D-dimer because of the

high false positive rate (10, 11). Therefore, it is necessary to identify

novel biomarkers of VTE in cancer patient.

Plasma is the most easily accessible specimen for the discovery of

novel biomarkers. Proteins are usually the final executors of function

and involved in extensive biological processes. The integrated effects

of congenital and acquired factors that influence the risk of

thrombosis are reflected in the protein profile in plasma. A variety

of plasma proteins, especially those related to inflammation and

fibrinolysis, have been confirmed to be associated with VTE (12,

13). Few studies have investigated the proteomics characteristics or

associated signaling pathway of VTE in cancer patient.

Data-independent acquisition mass spectrometry (DIA-MS) is an

acquisition scheme of tandem mass spectrometry that is independent

of the composition of precursor ions for their fragmentation. It can be

combined with the data analysis of proteomics research and has been

widely used in the mechanism of disease research (14).

DIA-MS showed high reliability and reproducibility in the

screening of novel biomarker in previous studies including in VTE

patients (15–17). However, few studies have explored the proteomics

features of cancer associated thrombosis. Our study is the first to

employ proteomics strategy to identify novel biomarkers for VTE in

NSCLC patients. In this study, DIA-MS was used to screen

differentially expressed proteins between NSCLC patients with and

without VTE to find candidate biomarker for subsequent verification.

Then cluster analysis of differentially expressed proteins was used to

reveal the specific changes of the biological process.
2 Materials and methods

2.1 Clinical samples

The study was a case-control study. 20 patients diagnosed with

NSCLC within 3 years and VTE within 3 month recruited from

Henan Provincial Hospital from 2020 to 2021 were case group (VTE

group). 15 patients diagnosed with NSCLC within 3 years but without
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VTE were classified as control group (non-VTE group). The diagnosis

of VTE and NSCLC were confirmed according to the recent

guidelines (18–20). The demographic and relevant clinical

information were collected.

The blood collection time of VTE group was within 3 month after

the diagnosis of VTE, and were collected after treatment with

subcutaneous low molecular weight heparin (LMWH). Samples from

the non-VTE group were collected after ultrasonic showed no

thrombosis. Peripheral blood samples were collected from each

participant into tubes containing 3.2% sodium citrate as the

anticoagulant and were centrifuged at 1,500 g for 10 minutes to

separate plasma. All plasma samples have no jaundice or hemolysis.

Samples were stored at -80°C until testing. This study was approved by

the Research Ethics Committee of Henan Provincial People’s Hospital.
2.2 Mass spectrometry assay for DIA

Three main steps were carried out as follows: protein extraction

and peptide digestion, data dependent acquisition (DDA) mass

spectrometry assay, DIA mass spectrometry assay and data analysis.

The workflow is shown in Figure 1.

Plasma pools were separated of most abundant proteins following

the manufacturer’s protocol (Agilent Technologies). The high and

low abundance proteins were collected, desalted and concentrated

respectively. 200 mg proteins was repeat ultrafiltered using UA buffer

(8 M urea, 150 mM Tris-HCl pH 8.0). Then 100 ml iodoacetamide

(100 mM IAA in UA buffer) was added to block reduced cysteine

residues and the samples were incubated for 30 min in darkness. The

protein suspensions were digested with 4 mg trypsin in 40 ml 25mM

NH4HCO3 buffer overnight at 37°C. Collected peptides were desalted

on C18 Cartridges and reconstituted in 40µl of 0.1% formic acid. The

iRT-Kits (Biognosys) was added to correct the relative retention time.

All fractions for DDA library generation were analyzed by a

Thermo Scientific Q Exactive HF X mass spectrometer connected to

an Easy nLC 1200 chromatography system (Thermo Scientific). MS

detection method was positive ion, the scan range was 300-1800 m/z,

resolution for MS1 scan was 60000 at 200 m/z. Resolution for MS2

scan was 15000. Each DIA cycle contained one full MS-SIM scan, and

30 DIA scans covered a mass range of 350-1800 m/z. QC samples

were injected with DIA mode at the beginning of the MS study and

after every 6 injections throughout the experiment, which was used to

monitor the MS performance.

For DDA library data, the FASTA sequence database was

searched with Spectronaut™ software. Spectral library was

constructed by importing the original raw files and DDA searching

results into Spectronaut Pulsar X™ (Biognosys). DIA data was

analyzed with Spectronaut™ 14.4.200727.47784 searching the above

constructed spectral library. All results were filtered based on Q value

cutoff 0.01 (equivalent to FDR<1%).
2.3 Bioinformatic analysis

The differentially expressed proteins were analyzed by gene

ontology (GO) and Kyoto Encyclopedia of Genes and Genomes

(KEGG) analysis.
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The GO terms were mapped and sequences were annotated using

the software program Blast2GO. The GO annotation results were

plotted by R scripts. The studied proteins were blasted against the

online KEGG database to retrieve their KEGG orthology

identifications and were subsequently mapped to pathways in

KEGG. Enrichment analysis were applied based on the Fisher’ exact

test. Benjamini-Hochberg correction for multiple testing was further

applied to adjust derived P values. And only functional categories and

pathways with P values under a threshold of 0.05 were considered

as significant.

The protein–protein interaction (PPI) information of the studied

proteins was retrieved from IntAct molecular interaction database

(http://www.ebi.ac.uk/intact/) by their gene symbols or STRING

software (http://string-db.org/).
2.4 Statistical analysis

For clinical data, Shapiro-Wilk test was performed for normality.

Normally distributed data were expressed as the means ± standard

deviations. Two independent sample t test was used for statistical

analysis and P value < 0.05 were considered statistically significant.

Non-normally distributed data were reported as medians

(interquartile range), and compared using the Mann-Whitney test.

Categorical variables were described by percentages and compared

using Fisher’s test. Analyses were performed using the SPSS

20.0 software.

For proteomics data, the differentially expressed proteins were

identified using the two samples t-distributed test (P-value <0.05).

The proteins were defined as differentially expressed if the fold change

between VTE and non-VTE group was >1.5 or < 0.67 and P value <

0.05. The diagnostic value of differentially expressed proteins was

evaluated by receiver operating characteristic (ROC) curves and the

area under the curve (AUC) was calculated of differentially expressed

proteins using GraphPad Prism 7.0.
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3 Results

3.1 Clinical data analysis

20 VTE patients and 15 non-VTE patients with NSCLC were

recruited. In VTE group, 13 patients had DVT, 4 patients had PE, 3

patients had both VTE and PE. The age, sex, BMI, comorbidities and

clinical test results of cases and controls are summarized in Table 1.

There were no significant differences in age, sex and BMI between the

two groups. PDW and NLR in VTE group were significantly higher

than those in non-VTE group (P<0.05). However, RBC and HGB in

VTE group were significantly lower than those in non-VTE

group (P<0.05).
3.2 Proteomics analysis

A total of 3275 proteins and 9007 peptides were identified. We

screened 280 differentially expressed proteins. There were 42

upregulated and 238 downregulated proteins in VTE group

compared to those in non-VTE group. The total number of

differentially expressed proteins and volcano plot of proteins

identified in DIA-MS are shown in Figure 2.
3.3 Differentially expressed proteins analysis

The differentially expressed proteins were analyzed. Some of the

differentially expressed proteins are fragments of immunoglobulin.

Thrombosis related proteins from the upregulated proteins were

selected to analyzed. SAA1 (serum amyloid A-1), S100A8 (protein

S100 A8), LBP (lipopolysaccharide-binding protein), HP

(haptoglobin), LDHB (lactate dehydrogenase B) were chosen.

Differences in intensity of the 5 proteins between VTE group and

non-VTE group are shown in Figure 3. The AUC of SAA1, S100A8,
FIGURE 1

Flowchart of the experiment.
frontiersin.org

http://www.ebi.ac.uk/intact/
http://string-db.org/
https://doi.org/10.3389/fonc.2023.1079719
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2023.1079719
LBP, HP, LDHB were 0.8067, 0.8308, 0.7767, 0.8021, 0.8533,

respectively (Figure 4).
3.4 Bioinformatic analysis

We performed GO analysis of all differential proteins. GO

function annotations are mainly divided into three categories:

biological process, molecular function and cellular component.

Through GO analysis, there are 4 biological processes with a high

proportion, including acute-phase response (GO:0006953: CRP,

ORM1, SAA1, LBP, ORM2, HP), cytokine product ion

(GO:0001816: S100A8, ORM1, LBP, SAA1, immunoglobin peptides,

ORM2, CRP), neutrophil migration (GO:1990266: S100A8, SAA1,

LBP) (Figure 5).

KEGG was used to analyze the signaling pathways of differentially

expressed proteins between VTE group and non-VTE group.

Differentially expressed proteins were mainly concentrated in IL-17

signaling pathway, NF-kB signaling pathway, lipid and

atherosclerosis (Figure 6). S100A8 were mainly present in IL-17

signaling pathway. LBP were mainly present in NF-kappa B

signaling pathway and lipid and atherosclerosis.
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Protein interaction network for the differentially expressed

proteins between VTE group and non-VTE group is shown in

Figure 7. From the 280 differentially expressed proteins, 11 proteins

were involved in protein interactions. SAA1, LBP involved

interacting proteins.
4 Discussion

In recent years, with the number of long-term cancer survivors

steadily increasing, VTE in cancer patients has become a major health

problem. The developments in proteomic approaches have enabled

the discovery of disease-specific molecular markers, which can

improve disease diagnosis and prognosis. To better understand the

risk factors of VTE in NSCLC, we identified a matched control cohort

of NSCLC but without VTE at the same time in the same hospital.

Patients in the two groups were diagnosed with NSCLC within 3 year,

which ensure that the VTE group and non-VTE group have the same

background except VTE.

In this study, 42 plasma proteins were identified for upregulated

in VTE group. Some of them are acute phase reactive proteins. Serum

amyloid A1 (SAA1) was significantly increased in VTE group. SAA1
TABLE 1 Baseline clinical characteristics.

VTE group
n=20

Non-VTE group
n=15

P

Age, median (Q1, Q3) 65.50 (55.25,73.00) 66 (58.00,71.00) 0.993a

Male/Female (n/n) 9/11 7/8 0.999b

BMI, mean ± SD 22.69 ± 3.73 23.88 ± 2.93 0.358c

Adenocarcinoma/Non-adenocarcinoma (n/n) 5/15 3/12 0.999b

Metastasis/Non-metastasis (n/n) 6/14 4/11 0.999b

Comorbidities n (%)

Hypertension 2 (10.0) 4 (26.7) 0.367b

Myocardial infarction 1 (5.0) 0 0.999b

Cerebral infarction 2 (10.0) 1 (6.7) 0.999b

Diabetes 2 (10.0) 3 (20.0) 0.631b

Pneumonia 6 (30.0) 3 (20.0) 0.700b

COPD 2 (10.0) 1 (6.7) 0.999b

Laboratory Measurements

WBC, ×109/L, median (Q1, Q3) 5.80 (4.52, 7.92) 5.14 (4.22, 7.12) 0.382a

NLR, median (Q1, Q3) 5.95 (3.32, 12.84) 2.40 (1.77, 3.66) 0.002a

RBC (×1012/L), mean ± SD 3.49 ± 0.53 3.91 ± 0.50 0.023c

RDW (fL), mean ± SD 52.05 ± 7.88 47.13 ± 7.10 0.066c

HGB (g/L), median (Q1, Q3) 98.00 (88.50, 118.25) 123.00 (114.00, 132.0) 0.018a

PLT (×109/L), mean ± SD 197.75 ± 113.65 230.07 ± 52.02 0.315c

PDW (fL), median (Q1, Q3) 12.20 (10.58, 15.13) 10.20 (9.50, 11.40) 0.002a
frontie
BMI, body mass index; WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; RBC, red blood cell; RDW, red blood cell distribution width; HGB, hemoglobin; PLT, platelet; PDW, platelet
distribution width.
aMann-Whitney test
bFisher’s test
ct test
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is a member of the SAA family which is whose level rise dramatically

after trauma, infection and other stimuli. Not only is SAA a clinically

useful marker of pro-inflammatory, it is considered a significant

cardiovascular risk factor and clearly demonstrated to contribute to

atherosclerosis development (21). SAA chemoattracts neutrophils,

promotes endothelial dysfunction, induces tissue factor and

ultimately activates coagulation both in arteries and veins. High

levels of SAA were found to be associated with VTE and is

considered to reflect tissue disturbances and inflammation

associated with NSCLC invasion and metastasis, suggesting that it

is a potential risk factor for VTE in NSCLC (16, 22–24).

S100A8, a member of the S100 family that normally forms a

heterodimeric with S100A9 (calprotectin or S100A8/A9), was another

upregulated protein in our study. Similar to SAA1, extracellular

S100A8/A9 stimulates leukocyte recruitment and cytokine secretion

(25). S100A8/A9 can promote tumor cell proliferation, invasion and

metastasis, and its expression may be a potential prognostic factor of

NSCLC patients (26). Increased S100A8/A9 were found to be

associated with thrombus formation in acute coronary syndrome

(ACS) (27). Kawano et al. (28) designed a S100A9 vaccine, which can

result in long-term inhibition of thrombus formation through

inhibition of increased S100A9/CD36 signaling without risk of

bleeding or adverse autoimmune responses. Combining our

findings, we thought S100A8/A9 may be a novel biomarker and

therapeutic target of VTE in NSCLC patients.

L i popo l y s a c cha r i d e -b i nd ing p ro t e i n (LBP) b ind s

lipopolysaccharide in the blood and transfers lipopolysaccharide to

cellular receptor, which activates immune cells by producing

inflammatory cytokines. Several studies have reported that LBP is a
Frontiers in Oncology 05
significant and independent predictor of atherosclerosis and

cardiovascular disease (29–31). The pro-inflammatory effects of

LBP might be an important contributor to the progression of

atherosclerotic plaques. In addition to arterial disease, high LBP

was found in fibrin clot of acute PE patients (32). Considering the

data shown in this study, we speculate that LBP may promote vascular

inflammation in NSCLC patients with VTE.

Reactive oxygen has been shown to cause endothelial damage, to

promote atherosclerosis and to favor the development of thrombotic

diseases. Haptoglobin (HP) is a plasma protein that binds free

hemoglobin and inhibits the production of reactive oxygen species.

High levels of serumHP were found to predict atherothrombotic (33).

The study of Vormittag et al. (34) demonstrated that HP2-2, a kind of

genotype of HP, is a risk factor for spontaneous VTE, presumably

through a pathophysiological mechanism similar to arterial disease.

Lactate dehydrogenase (LDH) is a tetramer composed of LDHA and

LDHB subunits, which is most often measured to evaluate tissue

damage. LDHA is particularly abundant in skeletal muscle and liver

while LDHB is the major form in cardiac muscle. Elevated LDH levels

is currently accepted as an important metric when there is clinical

suspicion of pump induced thrombosis, as this kind of disorders are

often accompanied by hemolysis (35, 36). LDHB and HP were

elevated in the VTE group, indicating that NSCLC patients with

VTE may have hemolysis or tissue damage.

The use of LMWH in VTE group was before blood collection in

this study. However, LMWH have been applied for anti-inflammatory

besides anticoagulation. Our results still showed a higher

inflammatory state in VTE group than non-VTE group (37, 38).

Previous studies have also suggested that patients with acute or
A

B

FIGURE 2

Differentially expressed proteins identified. (A) 280 differentially expressed proteins between VTE group and non-VTE group were screened. (B) Volcano
plot of proteins identified. Red ones stand for the upregulated and blue ones for downregulated proteins.
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chronic inflammation are at high risk of VTE. Inflammatory

mediators can cause the expression of tissue factor, increase the

levels of fibrinogen and plasminogen activator inhibitor, thus

initiating the coagulation cascade and suppressing the fibrinolytic

system (39).

Interestingly, the differentially expressed proteins we identified

are not only associated with VTE, but also risk factors for arterial

thrombosis. Arterial thrombosis and VTE were regarded as two

completely different diseases in the past. Recent studies indicated

that the two diseases share common risk factors, pathological

mechanisms and preventive measures (40–42). Inflammation is

most likely the underlying pathogenesis and the common
Frontiers in Oncology 06
mechanism by which different risk factors trigger venous and

arterial thrombosis (43). Sussman et al. (44) found that most of the

highly overexpressed genes in lung cancer with VTE were consistent

with those identified in arterial thrombosis and inflammatory

responses, which are quite consistent with the conclusion drawn by

our proteomics analysis.

The blood routine parameters results confirmed DIA-MS

analysis. Our clinical data show that neutrophil to lymphocyte ratio

(NLR) in VTE group is significantly higher than non-VTE group

(5.95 vs 2.40, P=0.002), which indicate that there is activation of

inflammatory response in VTE group. Patients with lung cancer often

exhibit leukocytosis (45). Activated neutrophils could enhance
A B

D

E

C

FIGURE 3

Boxplot of SAA1, S100A8, LBP, HP, LDHB between VTE group and non-VTE group.
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thrombosis in cancer patients by releasing neutrophil extracellular

traps (NETs) (6). Murine models have confirmed that

NETs contribute to thrombosis in lung cancer (46). Lung cancer

patients with high NLR (≥3) also had a lower chance of VTE

resolution (47). RBC and HGB in VTE group were significantly

lower than those in non-VTE group. Decreased HGB are useful for

predicting VTE risk in NSCLC patients (48), and prechemotherapy

HGB level < 100 g/L is one of the laboratory parameters of VTE risk

assessment in cancer patients (Khorana score) (49). The mechanism

is less clear, possibly due to damage. In contrast, PDW was high in

VTE group. PDW indicates variation in platelet size. Activated

platelets provide procoagulant surface and release multiple
Frontiers in Oncology 07
molecules to amplify coagulation process. As an early index of

platelet activation, increased PDW has been observed to be

associated with artery thrombosis and VTE in many diseases (50–

52). The role of PDW in NSCLC related VTE remains to be

further confirmed.

The results of the bioinformatic analysis proved that

inflammation, repair and cytokine play important roles in

promoting the development of VTE and VTE may share common

risk factors and pathways with arterial thrombosis in NSCLC, which

may be useful for further investigations.

Nevertheless, there were some limitations in this study. First, the

number of samples was small. Also, the identified differential proteins
A B

D

E

C

FIGURE 4

ROC curves of SAA1, S100A8, LBP, HP, LDHB between VTE group and non-VTE group.
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should be validated by other methods in future study and deep

investigations are needed on the relevant mechanisms. To our

knowledge, this study is the first to employ proteomics profiling to

identify differentially expressed proteins and possible pathways for

VTE in NSCLC patients, which may provide insights to develop new

biomarkers for diagnosis, risk stratification and treatment of VTE in

lung cancer.
A B

FIGURE 6

KEGG functional enrichment analysis of differentially expressed protein signaling pathways. (A) Bubble chart of signaling pathways associated with
differentially expressed protein. The ordinate represents the statistical results of differential proteins under each KEGG pathway, the bubble color
represents the significance of the enriched KEGG pathway, the P value is calculated based on Fisher’s exact test, and the color gradient represents the
size of the P value (-log10), the closer the color is to red, the smaller the P value, and the higher the significance level of the corresponding metabolic
pathway enrichment. (B) KEGG pathway annotation statistics for differentially expressed proteins. The ordinate is the name of the pathway involving
differentially expressed proteins, and the abscissa represents the number of differentially expressed proteins involved in the pathway.
A

B

FIGURE 5

GO functional enrichment of differentially proteins. (A) The number of
differentially expressed proteins in each categories. The abscissa
represents the number of differentially expressed proteins under each
functional category. (B) Directed acyclic graph of biological process.
The branch represents the containment relationship. The lower the
branch is, the more specific the function is.
FIGURE 7

Differentially expressed protein interaction networks. Nodes represent
proteins and lines represent protein-protein interactions.
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Usefulness of haptoglobin and serum amyloid a proteins as biomarkers for
atherothrombotic ischemic stroke diagnosis confirmation. Atherosclerosis (2009) 205
(2):561–7. doi: 10.1016/j.atherosclerosis.2008.12.028

34. Vormittag R, Vukovich T, Mannhalter C, Minar E, Schönauer V, Bialonczyk C,
et al. Haptoglobin phenotype 2-2 as a potentially new risk factor for spontaneous venous
thromboembolism. Haematologica (2005) 90(11):1557–61.

35. Gordon JS, Wood CT, Luc JGY, Watson RA, Maynes EJ, Choi JH, et al. Clinical
implications of LDH isoenzymes in hemolysis and continous-flow left ventricular assist
device-induced thrombosis. Artif Organs (2020) 44(3):231–8. doi: 10.1111/aor.13565

36. Bartoli CR, Zhang D, Kang J, Hennessy-Strahs S, Restle D, Howard J, et al. Clinical
and in vitro evidence that subclinical hemolysis contributes to LVAD thrombosis. Ann
Thorac Surg (2018) 105(3):807–14. doi: 10.1016/j.athoracsur.2017.05.060

37. Beurskens DMH, Huckriede JP, Schrijver R, Hemker HC, Reutelingsperger CP,
Nicolaes GAF, et al. The anticoagulant and nonanticoagulant propertier of heparin.
Thromb Haemost. (2020) 120(10):1371–83. doi: 10.1055/s-0040-1715460

38. Gao J, Huang LH, Wang JL. Outcomes of anticoagulant therapy with low-
molecular-weight heparin (LMWH) and warfarin for thromboangiitis obliterans. Curr
Vasc Pharmacol (2021) 19(6):655–62. doi: 10.2174/1570161119666210118125424

39. Esmon CT. Does inflammation contribute to thrombotic events? Haemostasis
(2000) 30 Suppl 2:34–40. doi: 10.1159/000054161
Frontiers in Oncology 10
40. LoweGD.Arterial disease andvenous thrombosis:Are they related, and if so,what should
we do about it? J Thromb Haemost (2006) 4(9):1882–5. doi: 10.1111/j.1538-7836.2006.02130.x

41. Rinde LB, Lind C, Småbrekke B, Njølstad I, Mathiesen EB, Wilsgaard T, et al.
Impact of incident myocardial infarction on the risk of venous thromboembolism: The
tromso study. J Thromb Haemost (2016) 14(6):1183–91. doi: 10.1111/jth.13329

42. Lippi G, Favaloro EJ. Venous and arterial thromboses: Two sides of the same coin?
Semin Thromb Hemost (2018) 44(3):239–48. doi: 10.1055/s-0037-1607202

43. Poredos ̌ P. Interrelationship between venous and arterial thrombosis. Int Angiol
(2017) 36(4):295–8. doi: 10.23736/S0392-9590.17.03820-2

44. Sussman TA, Abazeed ME, McCrae KR, Khorana AA. RNA Expression and risk of
venous thromboembolism in lung cancer. Res Pract Thromb Haemost (2019) 4(1):117–23.
doi: 10.1002/rth2.12284

45. Grieshober L, Graw S, Barnett MJ, Goodman GE, Chen C, Koestler DC, et al. Pre-
diagnosis neutrophil-to-lymphocyte ratio and mortality in individuals who develop lung
cancer. Cancer Causes Control. (2021) 32(11):1227–36. doi: 10.1007/s10552-021-01469-3

46. HisadaY,Geddings JE, AyC,MackmanN.Venous thrombosis and cancer: Frommouse
models to clinical trials. J Thromb Haemost (2015) 13(8):1372–82. doi: 10.1111/jth.13009

47. Go SI, Lee A, Lee US, Choi HJ, Kang MH, Kang JH, et al. Clinical significance of
the neutrophil-lymphocyte ratio in venous thromboembolism patients with lung cancer.
Lung Cancer (2014) 84(1):79–85. doi: 10.1016/j.lungcan.2014.01.014

48. Wang Z, Yan HH, Yang JJ, Wang BC, Chen HJ, Zhou Q, et al. Venous
thromboembolism risk factors in Chinese non-small cell cancer patients. Support Care
Cancer (2015) 23(3):635–41. doi: 10.1007/s00520-014-2405-y

49. Pabinger I, Thaler J, Ay C. Biomarkers for prediction of venous thromboembolism
in cancer. Blood (2013) 122(12):2011–8. doi: 10.1182/blood-2013-04-460147

50. Shi Y, Jiang H, Huang C, Hu C, Zhao J, Li M, et al. Platelet distribution width is
highly associated with thrombotic events in primary antiphospholipid syndrome. Clin
Rheumatol (2021) 40(11):4581–8. doi: 10.1007/s10067-021-05843-z

51. Kamisli O, Kamisli S, Kablan Y, Gonullu S, Ozcan C. The prognostic value of an
increased mean platelet volume and platelet distribution width in the early phase of
cerebral venous sinus thrombosis. Clin Appl Thromb Hemost (2013) 19(1):29–32. doi:
10.1177/1076029612453196

52. Kose N, Akin F, Yildirim T, Ergun G, Altun I. The association between the
lymphocyte-to-monocyte ratio and coronary artery disease severity in patients with
stable coronary artery disease. Eur Rev Med Pharmacol Sci (2019) 23(6):2570–5.
doi: 10.26355/eurrev_201903_17406
frontiersin.org

https://doi.org/10.1161/HYPERTENSIONAHA.118.11316
https://doi.org/10.1016/j.jacc.2007.02.070
https://doi.org/10.1016/j.atherosclerosis.2013.07.004
https://doi.org/10.1161/JAHA.119.013628
https://doi.org/10.1016/j.jprot.2020.103946
https://doi.org/10.1016/j.atherosclerosis.2008.12.028
https://doi.org/10.1111/aor.13565
https://doi.org/10.1016/j.athoracsur.2017.05.060
https://doi.org/10.1055/s-0040-1715460
https://doi.org/10.2174/1570161119666210118125424
https://doi.org/10.1159/000054161
https://doi.org/10.1111/j.1538-7836.2006.02130.x
https://doi.org/10.1111/jth.13329
https://doi.org/10.1055/s-0037-1607202
https://doi.org/10.23736/S0392-9590.17.03820-2
https://doi.org/10.1002/rth2.12284
https://doi.org/10.1007/s10552-021-01469-3
https://doi.org/10.1111/jth.13009
https://doi.org/10.1016/j.lungcan.2014.01.014
https://doi.org/10.1007/s00520-014-2405-y
https://doi.org/10.1182/blood-2013-04-460147
https://doi.org/10.1007/s10067-021-05843-z
https://doi.org/10.1177/1076029612453196
https://doi.org/10.26355/eurrev_201903_17406
https://doi.org/10.3389/fonc.2023.1079719
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Discovery of protein biomarkers for venous thromboembolism in non-small cell lung cancer patients through data-independent acquisition mass spectrometry
	1 Introduction
	2 Materials and methods
	2.1 Clinical samples
	2.2 Mass spectrometry assay for DIA
	2.3 Bioinformatic analysis
	2.4 Statistical analysis

	3 Results
	3.1 Clinical data analysis
	3.2 Proteomics analysis
	3.3 Differentially expressed proteins analysis
	3.4 Bioinformatic analysis

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


