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Abstract
Objective To explore the potential mechanism of anti-TNF mAb therapy in protecting

mucosal barrier integrity in the patients of Crohn's disease.

Methods 382 patients with active Crohn's disease from January 2018 to October 2019

were recruited and treated with anti-TNF mAb therapy at the week 0,2,6, then every 8

weeks. The general clinical data were evaluated at the 14th week and the intestinal

mucosa was harvested to determine the expression of tight junction proteins.The

Caco-2 and HT-19 cell lines were cultured and divided into normal control group,

LPS injury group, IFX intervention + LPS injury group. The supernatant and total

protein were collected to test the level of pro-inflammatory cytokines and tight

junction proteins.

Results Anti-TNF mAb therapy effectively increased the level of hemoglobin (Hb),

BMI and the expression of intestinal epithelial tight junction proteins (occludin,

claudin-1, jam-a and zo-1) in the patients of Crohn's disease, and decreased the

release of c-reactive protein (CRP), pro-inflammatory cytokines (TNF-α , IFN-γ ,

IL-2, IL-6, IL-8 and IL-17a) and CDAI scores. Phosphorylation of P38 MAPK and
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NF-κB p65 were increased significantly in untreated patients of Crohn's disease,

while Anti-TNF-α mAb decreased the phosphorylation ratio. At the same time, we

also carried out relevant studies in vitro.

Conclusion Anti-TNF-α mAb therapy effectively induces clinical remission of active

patients of Crohn's disease, reduces the intestinal inflammatory infiltration, decreases

the release of inflammatory cytokines, and maintains mucosal barrier integrity

through the p38 MAPK/NF-κB p65 pathway.

Key words: Crohn's disease; anti-TNF-α mAb; intestinal mucosa barrier; tight

junction; p38 MAPK/NF-κB p65

1. Introduction
Crohn’s disease (CD), a type of inflammatory bowel disorder, involves chronic

inflammatory granulomatous disease characterised by intestinal full-thickness

transmural inflammation. The duration of CD is often prolonged, recurrent, and

difficult to control.[1] Many patients would experience complications, such as

intestinal obstruction, intestinal fistula and abscess formation, and acute perforation or

uncontrollable bleeding often requiring surgical treatment. In addition, the recurrence

rate is very high. Current treatments dependent on disease progression, the extent of

disease involvement, and associated complications. Therefore, effective, safe and

stable treatments are urgently needed.[2,3] In recent years, in-depth study on intestinal

mucosal immunopathology has resulted in the development of targeted biological

immunotherapy. Some biological agents have been applied in clinical practice and

show good efficacy for treating CD patients. [4,5]

CD is the result of a combination of genetic, environmental, immune system and

other factors. Environmental factors act on genetically susceptible people, initiating

attack of natural and acquired immune responses of the intestinal mucosa, resulting in

damage to the intestinal mucosal barrier. Therefore, repair of this barrier is the key to

CD treatment.[6,7] The intestinal mucosal barrier, composed of a mechanical barrier, a

chemical barrier, an immune barrier and a biological barrier, plays an important role



in maintaining the balance between intestinal absorption of essential nutrients and

preventing the invasion of harmful substances and associated responses.[8] The

mechanical barrier consists of ZO-1, occludin and claudin, which work together

against intestinal bacteria and toxins. There are many factors causing damage to the

intestinal barrier, the most important of which are proinflammatory factors such as

TNF-α, IFN-γ and IL-1β.[9] In CD, levels of inflammatory factors such as TNF-α are

elevated, and this is correlated with disease severity, while the tight junction function

of intestinal epithelial cells is disrupted, and expression of tight junction proteins is

decreased, indicating a potential relationship.[10,11] Marano et al. found that treatment

of Caco2 cells with TNF-α can lead to destruction of the tight junction structure. And

he further proved that TNF-α can not only reduce expression of ZO-1, but also lower

phosphorylation of tight junction protein claudin-1, causing it to depolymerise from

the tight junction, further promoting tight junction fracture.[12,13] These mechanisms

are closely related to various signaling pathways, such as mitogen-activated protein

kinase (MAPK), nuclear factor kappa-light-chain-enhancer of activated κB p65

(NF-κB p65), myosin light chain kinase (MLCK) and protein kinase C (PKC)

pathways.[14-18]

Biological agents are a new type of drug for CD therapy that have greatly

improved the clinical remission and mucosal healing rates since being introduced to

the clinic, resulting in improved quality of life for CD patients.[19,20] In view of the

important role of TNF-α in the pathogenesis of CD, infliximab (IFX), a human mouse

chimeric anti-TNF-α antibody, was employed in clinical practice, and the effects were

very rapid.[21,22] IFX can be used not only to induce remission, but also to maintain

remission over a long period of time, especially for patients with non-stenosis, after

fistula surgery, and following recurrence after operation. IFX has various mechanisms

of action, the most important of which is inhibiting TNF-α biological activity by

binding to soluble and transmembrane-associated forms.[23,24] The relationship

between IFX and repair of the intestinal mucosal barrier has received significant

attention, but previous research has focused on in vitro molecular biological

aspects.[25,26] In the present study, tissue samples from patients before and after



treatment were subjected to in-depth exploration of the mechanism in vivo. The

results suggested that TNF-α monoclonal antibodies could repair the intestinal

mucosal barrier and improve the prognosis of CD by antagonising the expression of

ZO-1, occludin and claudin, which are upregulated by TNF-α, and the mechanism

may be related to inhibition of the p38 MAPK/NF-κB p65 pathway.

2. Materials and Methods
2.1 Patients

Samples were obtained from patients who underwent colonoscopy from January

2018 to October 2019 in Shanghai Tenth People’s Hospital, China. Diagnosis was

confirmed by clinical evaluation and a combination of endoscopic, histological,

radiological, and/or biochemical investigations, according to the consensus

formulated by ECCO in 2018.[27] The research was approved by the hospital’s ethics

committee and obtained “exemption from informed consent” approved by Shanghai

Tenth People’s Hospital. Those with serious heart or lung diseases and/or pregnancy

were excluded, resulting in 382 CD patients with an average age of 25.3 ± 7.1 years

old. Additionally, 103 age-matched normal samples were selected as controls.

2.2 Evaluation of clinical data and measurement of biochemical indices

Fasting blood samples were collected from all CD patients and the controls

before and after anti-TNF-α monoclonal antibody treatment. Complete blood count,

C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and albumin content

were determined using an Olympus AU1000 Automated Chemistry Analyzer

(Olympus Corp., Tokyo, Japan). CD severity and degree of activity were assessed by

CDAI score. The simplified endoscopic score for CD (SES-CD) was used to evaluate

the endoscopic performance of CD patients with ulcerated areas, the length of

intestinal segments involved in ulcer lesions, and intestinal segments with other

lesions and stenosis.

2.3 Reagents

Anti-TNF-α monoclonal antibodies (Infliximab, Remicade) were obtained from

Xi’an Janssen pharmaceutical Co. Ltd. Antibodies were provided by Cell Signaling



Technology (Danvers, MA, USA), including antibodies against TNF-α, IFN-γ, IL-2,

IL-6, IL-10, IL-17A, occludin, claudin-1, ZO-1, JAM-A, P38 MAPK, p-P38 MAPK,

NF-κB p65, p-NF-κB p65, and GAPDH. An RNA PCR kit was purchased from

TaKaRa Biotechnology (Dalian, China).

2.4 Tissue samples

Fresh intestinal mucosa was obtained from CD patients who underwent

colonoscopy. Tissues were fixed in 4% paraformaldehyde, embedded in paraffin, and

sections were prepared for analysis. Sections 5 μm thick were cut and stored at room

temperature. Hematoxylin and eosin were added to stain the nuclear region and

cytoplasm, respectively. Histopathology changes were observed under a light

microscope.

2.5 Real-time quantitative PCR

Approximately 50 mg intestinal mucosa was washed with phosphate-buffered saline

(PBS), and total RNAwas extracted using TRIzol reagent and checked for purity and

concentration. Next, ~2,000 ng RNAwas reverse-transcribed into cDNA using a

reverse transcription kit (TaKaRa Biotechnology) and stored at -20C. The relative

expression level of mRNAs mixed with SYBR Green I was normalised against

GAPDH mRNA and measured with a 7900HT Fast Real-Time PCR System (Applied

Biosystems, Foster City, CA, USA). The relative abundance of a gene product was

calculated by the 2-Ct method. Primers used in the experiment are shown in Table 1.

2.6 Western Blotting

Approximately 100 mg of intestinal tissue was placed in 0.5 mL of protein lysate

buffer containing protease inhibitors and pulverised. The bicinchoninic acid (BCA)

protein assay (Thermo Fisher Scientific) was used to determine the concentration of

the prepared protein. All samples were mixed with 5× sodium dodecyl sulphate

polyacrylamide gel electrophoresis (SDS-PAGE) sample loading buffer and boiled for

5 min in boiling water. A total of 50 μg protein was separated at 80 V and transferred

to a polyvinylidene fluoride (PVDF) membrane. Nonfat dried milk (5%) was used to

block all nonspecific sites of membranes before incubation at 4 C overnight with

primary antibodies. The next day, secondary horseradish peroxidase-conjugated



anti-rabbit or anti-mouse IgG antibodies (1:2,000 dilution) recognising target proteins

were added to membranes and incubated for 2 h at room temperature. After washing

with PBS containing 0.1% Tween-20, membranes were scanned using an Odyssey

Two-colour Infrared Laser Imaging System (LI-COR Biosciences, Lincoln, NE, USA)

to determine the densities of protein bands.

2.7 Immunohistochemical staining

Paraffin sections were incubated for 2 h at 60  C, dewaxed in xylene, and

dehydrated using an ethanol gradient. Antigens immersed in citrate buffer were

recovered by heating at 95C for 10 min, then cooling to room temperature for four

cycles. To decrease the activity of endogenous peroxidase, 3% hydrogen peroxide was

added dropwise for and incubated for 20 min in 5% BSA at room temperature.

Sections were incubated with primary antibody (dilution 1:50) at 4  C overnight.

Secondary antibody was then added and DAB was used to identify positive particles.

Colour development was observed using a digital camera (Olympus) and calculated

using Image-Pro Plus software v. 6.0 (Media Cybernetics, Silver Spring, MD, USA).

2.8 Electron microscopy

Glutaraldehyde buffer (2.5%) with 0.2 M cacodylate was used to perfuse flushed

mucosa tissue for 4 h. Upon post-fixing in 10% osmium tetroxide for 1 h, tight

junctions in intestinal epithelial cells were observed and compared by scanning

electron microscopy (SEM) using a JEM-1230 instrument (JEOL Ltd, Tokyo, Japan).

2.9 Cell culture and treatment

The Caco-2 and HT-19 cell lines were purchased from the Cell Bank of the

Chinese Academy of Sciences Committee Type Culture Collection (Shanghai, China).

The two cell lines were cultured in high glucose Dulbecco’s modified Eagle’s medium

(DMEM, Thermo, Shanghai, China) with 10% fetal bovine serum (Hyclone, Logan,

UT, South America), 100 U/mL penicillin, and 100 μg/mL streptomycin (Gibco,

Burlington, Canada) in a 5% CO2 and 95% air incubator at 37 °C. The cells were

plated at a density of 5× 104 cells/cm2 in 6-well plates. After 7 ~ 10 days, the cells

formed a single cell and treated with LPS and IFX. The experiment was divided into

normal control group, LPS injury group (50μg/mL), IFX intervention (20μg/mL)+



LPS injury group.

LPS injury group was treated with 50μg/mL LPS for 24 hours. IFX+LPS injury

group was treated with both 20μg/mL IFX and 50μg/mL LPS for 24 hours. All cells

and supernatants were collected for detection.

2.10 Enzyme-linked immunosorbent assay (ELISA)

The culture supernatant of cells in each experimental group was collected and

centrifuged at 3000 rpm. TNF-α, IFN-γ, IL-6 and IL-17A were assessed using

enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, USA) according

to the manufacturers’ protocols. Each group was repeated 6 times.

2.11 Statistical analysis

All statistical analyses were performed using SPSS software v. 22.0 (IBM Corp.,

Armonk, NY, USA). Quantitative data are presented as the mean ± standard deviation

in line with the normal distribution. The paired t-test was used for data before and

after treatment. Groups were compared using analysis of variance (ANOVA), pairwise

comparison between groups was performed using the Student-Newman-Keuls method,

and paired rank data were assessed using the rank sum test. In all cases, p <0.05 was

considered statistically significant.

3 Results
3.1 Patients demographics

Among 382 CD patients, 258 were male (67.5%) and 124 were female (32.5%),

with an average disease duration of 8.0 ± 4.2 years. According to the Montreal

classification, there were 18 cases (4.71%) ≤16 years old (A1), 325 cases (85.1%)

ranging from 17 to 40 years old (A2), and 39 cases (10.21%) >40 years old. 122 cases

(31.9%) were located in the terminal ileum (L1), 59 cases (15.45%) in the colon (L2),

171 cases (44.76%) in the terminal ileum and colon (L3), and 30 cases (7.85%)

involved the upper gastrointestinal tract (L4). 198 cases were non-stenosis and

non-penetration (B1), accounting for 51.83%; 103 cases were stenosis (B2),

accounting for 26.96%; and 81 cases were penetration (B3), accounting for 21.20%.

42 patients underwent surgical treatment due to incomplete or complete intestinal



obstruction (n=34, 8.90%) or perforation (n=8, 2.09%), 146 patients were

accompanied by perianal lesions, and 77 patients had extrenteral manifestation

include of oral ulcers (n=61), joint involvement (n=4), hepatobiliary system

involvement (n=3), skin lesions (n=6), urinary system involvement (n=2), and ocular

lesions (n=1). There were 21 patients with gastrointestinal bleeding, three with

thyroid tumours and one with toxic megacolon. In all, there were 32 patients with a

history of smoking.The demographic and treatment details of CD patients are listed in

Table 2.

3.2 Anti-TNF-α mAb induces clinical remission in active CD patients

We determined BMI, CDAI score, and blood biochemical test indices for CD

patient and control groups for comparative analysis. The results showed that

compared with healthy controls, the BMI of CD patients was decreased, as expected

for CD patients. Anaemia and nutrition indices such as haemoglobin and albumin

were decreased significantly. After IFX treatment, BMI and haemoglobin were

increased significantly, while the CDAI score and CRP were decreased significantly

(p<0.05). However, ESR and albumin levels were not significantly changed (p>0.05).

The above results indicated that IFX could effectively alleviate the disease activity of

CD patients and partially improve their nutritional status. CRP may be more sensitive

than ESR in reflecting acute inflammation. Specific data are shown in Table 3.

3.3 Anti-TNF-α mAb reduces inflammatory infiltration in intestinal mucosa of

CD patients

Among the 382 CD patients, 268 (70.16%) underwent endoscopy before and after

treatment. During the active period, all underwent pathological biopsy, while 139

(36.39%) underwent pathological biopsy before and after treatment. The average

interval between the two endoscopic examinations was 32 ± 10.4 weeks (the shortest

was 6.5 weeks and the longest was 80 weeks). We obtained endoscopy images of CD

patients and control groups before and after treatment. Through statistical analysis and

comparison of inflammatory activity based on SES-CD score, we found that normal

colonic mucosa was orange red, smooth and moist, with an obvious lustre, and the



vascular network was widely distributed on the mucosal surface. In contrast, in

untreated CD patients, lesions were segmental, mucosal congestion and oedema were

evident, as was erosion, ulceration, and various forms and nodular hyperplasia. In

some patients, intestinal stenosis, intestinal wall rigidity, pseudodiverticulum and

fistula were observed. After TNF-α monoclonal antibody treatment, congestion and

oedema were improved. Additionally, SES-CD scores (10.0 ± 4.3 vs. 5.0 ± 2.1, p

<0.05) decreased significantly (Figure 1A).

We also carried out pathological examination of tissues and found that most

patients before TNF-α monoclonal antibody treatment displayed full-thickness

inflammation of the intestinal wall, accompanied by hyperplasia of lymphoid tissue

and formation of lymphoid follicles. Lymphocyte aggregation in the serous layer

formed a rosette in some cases. Plasma cells, polynuclear cells and eosinophils could

also be seen. Typical patients have a noncaseous granuloma composed of epithelioid

cells and giant cells. After treatment, aggregation of the above inflammatory cells was

significantly reduced, and the depth of involvement was significantly shallower

(Figure 2B). According to the level of histological inflammation, cases were divided

into four grades (0 = none, 1 = mild, 2 = moderate, 3 = severe). Before treatment, all

patients were grade 3, but after treatment 186 patients became grade 0, 47 were grade

1, 99 were grade 2, and 50 were grade 3. Differences by rank-sum test were

statistically significant (Z = 7.235, p = 0.002).

3.4 Anti-TNF-α mAb decreases pro-inflammatory cytokines in active CD patients

Important pro-inflammatory cytokines including TNF-α, IFN-γ, IL-2, IL-6, IL-10

and IL-17 are closely related to CD activity and severity. Therefore, we tested their

levels in blood samples of patients (Table 4). The results showed that compared with

the normal control group, the concentration of pro-inflammatory cytokines (TNF-α,

IFN-γ, IL-2, IL-6, and IL-17A) in blood samples of CD patients were increased

significantly, but decreased after treatment, and differences were statistically

significant. However, the anti-inflammatory cytokines like IL-10 displayed the

opposite trend. Furthermore, we evaluated mRNA and protein expression levels of



various inflammatory cytokines in tissues, and trends were consistent with the

haematological results (Figure 2A), including for protein levels measured by western

blotting and immunohistochemical staining (Figure 2B and C). Before treatment,

expression of TNF-α and other cytokines was significantly increased, while secretion

and expression of inflammatory cytokines in CD patients were effectively reduced by

anti-TNF-α mAb.

3.5 Anti-TNF-α mAb improves the intestinal barrier by upregulating tight

junction proteins

Tight junction proteins in intestinal epithelial cells (occludin, claudin-1, and

ZO-1) and adhesive factor (JAM-A) are important markers for evaluating the status of

intestinal tight junctions. First, we evaluated mRNA levels in extracted tissues, and

found that compared with the normal group, expression of occludin, claudin-1, ZO-1

and JAM-A in the intestinal mucosa of CD patients was significantly reduced, and

expression was restored to a certain extent after drug treatment (Figure 3A). We also

performed western blotting and immunohistochemical staining or further

semi-quantitative analysis. The results also showed that compared with CD patients

before treatment, expression of the above indicators in CD patients after treatment

was increased significantly (Figure 3B and C). Finally, we used SEM to visualise

changes in intestinal tight junctions (Figure 3D). In the normal group, the morphology

of colonic epithelial cells was normal, the cell membrane and nuclear membrane were

intact, and microvilli were arranged closely and orderly. In the cytoplasm,

endoplasmic reticulum and mitochondria were clearly observed. However, in the CD

group, the distribution of microvilli was uneven, the length was different, microvilli

were broken, tight junctions were widened, and lysosomes were more abundant.

3.6 TNF-α monoclonal antibodies function through the p38 MAPK/NF-κB p65

pathway

The MAPK family of highly conserved serine/threonine protein kinases

constitute a downstream pathway of many inflammatory factors that is closely related



to the expression of intestinal connective tissue molecules. We analysed the

phosphorylation of p38 MAPK and downstream NF-κB p65 to verify the mechanism

of the drug. The results showed that phosphorylation of P38 MAPK and NF-κB p65

was increased significantly in untreated CD patients, while anti-TNF-α monoclonal

antibodies decreased the phosphorylation ratio (Figure 4). Additionally, protein

abundance was measured by western blotting and histochemical staining, and trends

were similar.

3.7 anti-TNF-α monoclonal antibodies Inhibit inflammatory factor and improve

the internal barrier in vitro

The intestinal mucosal barrier injury model in vitro was established by LPS. The

cytokines levels (TNF-α, IFN-γ, IL-6, and IL-17A) were tested in the cell supernatant.

Compared with the normal control group, the concentration of pro-inflammatory

cytokines in LPS injury group were increased significantly, but decreased

significantly after IFX treatment. However, the IL-6 displayed no difference in HT-29

cells before and after IFX treatment (Figure 5A). The expression levels of tight

junction proteins and pathway phosphorylation in each group were evaluated by

western blotting. The expression of occludin and ZO-1 in the LPS injury group was

significantly reduced, and increased significantly after drug treatment (Figure 5B).

However, the phosphorylation of P38 MAPK and NF-κB p65 was increased

significantly in IFX-treated cells (Figure 5C).

4 Discussions
CD is a chronic, progressive intestinal inflammatory disease that can cause

serious disability. The use of biological agents such as anti-TNF-α has changed the

clinical outcome of most patients. In one study, 292 early CD patients and 248 late

CD patients were enrolled in a Swiss cohort, and the results showed that early use of

anti TNF-α agents could reduce the risk of intestinal stenosis.[27] In order to provide a

theoretical basis for clinical research, we herein further explored the positive effects



of TNF-α antibodies in clinical applications from the aspect of intestinal mucosal

barrier repair.

Our clinical data showed that levels of haemoglobin and albumin in patients with

CD were significantly decreased, indicating that compared with healthy people, the

nutritional status of CD patients was poor. However, after treatment, relevant

indicators were significantly increased, while CDAI scores were decreased,

suggesting that TNF-α antibody was effective for alleviating disease symptoms. CRP

and ESR are nonspecific markers for the acute phase of the systemic inflammatory

response, and are of great significance in the diagnosis of inflammatory diseases.[28] In

the present study, levels of CRP and ESR were increased significantly before CD

treatment, consistent with the results of a previous study.[29] However, after treatment,

CDAI scores and CRP were decreased significantly in patients with remission, while

ESR and albumin levels were not changed significantly. This showed that IFX

effectively alleviated disease activity and partially improved nutritional status in CD

patients. CRP may be more sensitive than ESR in reflecting acute inflammation.

Improvement in the above clinical symptoms and laboratory indices was also

reflected in intuitive changes following endoscopy. Normal intestinal mucosa was

orange-red, smooth and moist, with an obvious lustre. On the mucosal surface there

was a widely distributed vascular network, the arteriovenous structure was usually

parallel, and the main trunk was relatively thick and distributed in a tree-like manner.

The intestinal mucosa of active patients displayed shallow concave lesions, villi had

disappeared, and erosion and small ulcers were localised or widely distributed, while

during the remission stage the inflammatory range was significantly reduced.

Pathological examination showed that before CD treatment, there were many types of

inflammatory cell infiltration, mainly lymphocytes, accompanied by exudation,

necrosis, interstitial oedema, and some sarcoidosis such as granuloma, while

inflammatory exudation was decreased in the remission stage, and the corresponding

SES-CD score showed a consistent change.

CD is a type of nonspecific inflammatory disease, and inflammatory factors are

of great significance to pathogenesis, since immune cells secrete TNF-α, IFN-γ, IL-2,



IL-6, IL-10, IL-17 and other factors.[1,3,30] In addition, when the intestinal mucosal

barrier is damaged, the harmful substances in the intestine, such as bacteria and toxins,

will enter the important parts of the body, causing intestinal-endotoxemia (IETM).

Further, the endotoxin and β-D-glucan induced a rapid rise in several destructive and

inflammatory factors, including free radicals and products of nitric oxide and fat

metabolism[31,32]. TNF-α can induce apoptosis of colonic epithelial cells that participate

in the inflammatory response of lamina propria and epithelial shedding, thereby

increasing the permeability of intestinal epithelial cells, leading to inflammation.[33,34]

IFN-γ and other factors also act on intestinal mucosa through different mechanisms to

cause nonspecific inflammatory responses.[35-38] Therefore, levels of endotoxin and

inflammatory factors are closely related to disease activity. Herein, we measured the

levels of proinflammatory factors (TNF-α, IFN-γ, IL-2, IL-6 and IL-17) in the serum,

and found that levels were significantly increased in patients exhibiting CD activity in

consistent with the changes of endotoxin and β-D-glucan, and decreased after

treatment. This showed that TNF-α monoclonal antibodies decreased the release of

inflammatory factors in CD patients.

In recent years, more and more studies have found that the occurrence of CD is

closely related to changes in the intestinal mucosal barrier. Bacterial endotoxin

translocation occurs in mesenteric lymph nodes, and the bacteria and endotoxin

entering the blood circulation in turn act on the intestinal mucosa, further aggravating

the damage of intestinal mucosal barrier[39]. Expression of atresia protein occludin,

claudin family members, and banded closure protein ZO-1 during the repair of tight

junction proteins is of great significance to treating CD,[40-42] and closely related to the

mechanism of inflammatory factors. TNF-α can promote light chain phosphatase

transcription, upregulate the function of myosin light chain kinase protein, and

dynamically regulate the tightly linked structure.[43] Ma et al. (year) found that

TNF-α-induced abnormal expression of tight junction-related proteins and increased

cell permeability are related to activation of NF-κB p65 and P38 MAPK pathways.[12,44]

This is consistent with the results in our current study. We analysed the intestinal

mucosa of CD patients and found that tight junction-related molecules ZO-1 and



claudin were decreased significantly before treatment, but increased after treatment,

consistent with the SEM images. In contrast, levels of NF-κB p65 and P38 MAPK

were increased before treatment and decreased after TNF-α monoclonal antibody

exposure. These results indicated that the drug restored the expression of damaged

tight junction-related molecules and protected the intestinal mucosal barrier system of

CD patients by antagonising the role of TNF-α and related inflammatory factors in

vivo, and the mechanism was associated with the NF-κB p65 and P38 MAPK

pathways.

Of course, many questions remain unanswered, and subsequent studies should

focus on inpatients that may have higher disease severity than outpatients. Moreover,

the current data were from a single centre, and may be biased to some extent. Thus the

mechanism of action of TNF-α antibodies mains unclear. Through the collection of

samples from more patients, the impact on intestinal epithelial tight junction proteins

could become clearer, as could the mechanism of action, leading to improvement in

the function of the intestinal mucosal barrier of CD patients, and information pertinent

to clinical diagnosis and drug development.
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Figure Legends

Figure 1. Effect of IFX on CD. (A) Endoscopic manifestations of CD patients. (B) Pathological

changes of CD patients (original magnification ×200).

Figure 2. Effect of IFX on inflammatory factors in CD patients. (A) mRNA levels of inflammatory

factors assessed by qRT-PCR. Data are expressed as mean ± SD (n = 20, *p<0.05 before IFX vs.

control, #p<0.05 after IFX vs. before IFX). (B) Protein levels of inflammatory factors assessed by

western blotting. (C) Tissue levels of inflammatory factors assessed by immunohistochemical

staining (original magnification ×200).

Figure 3. Effect of IFX on tight junctions in CD patients. (A) mRNA levels of tight junction

proteins assessed by qRT-PCR. Data are expressed as mean ± SD (n = 20, *p <0.05 before IFX

vs. controls, #p<0.05 after IFX vs. before IFX). (B) Protein levels of tight junction proteins

assessed by western blotting. (C) Tissue levels of tight junction proteins assessed by

immunohistochemical staining (original magnification × 200). (D) SEM observation of tight

junctions in intestinal mucosa (Mi, mitochondria; Vi, microvilli; TJ, tight junction; MG, mucus

granule; original magnification ×10,000).

Figure 4. Effect of IFX on pathway proteins in CD patients. (A) Abundance of p38 MAPK/NF-κ

B p65 pathway proteins assessed by western blotting. (B) Tissue levels of tight junction proteins

assessed by immunohistochemical staining (original magnification ×200).

Figure 5. Effect of IFX on cells in vitro. (A) Cytokine levels of inflammation assessed by ELISA.

Data are expressed as mean ± SD (n = 20, *p <0.05 LPS vs. NC, #p<0.05 LPS+IFX vs. LPS).

(B) Protein levels of tight junction proteins assessed by western blotting. (C) Abundance of p38

MAPK/NF-κB p65 pathway proteins assessed by western blotting.



Table 1 Nucleotide sequences of primers used for qRT-PCR

Gene Primer sequence (5'—3')
TNF-α Forward CCTCTCTCTAATCAGCCCTCTG

Reverse GAGGACCTGGGAGTAGATGAG
IFN-γ Forward TCGGTAACTGACTTGAATGTCCA

Reverse TCGCTTCCCTGTTTTAGCTGC
IL-2 Forward TACAAGAACCCGAAACTGACTCG

Reverse ACATGAAGGTAGTCTCACTGCC
IL-6 Forward GAAGAGCGCCGCTGAGAAT

Reverse GTGCAGAGGGTTTAATGTCAACT
IL-10 Forward TACCACCTCCCGAAAATGTCA

Reverse CCCAGTCTGAATGCTCATCTG
IL-17A Forward TCCCACGAAATCCAGGATGC

Reverse GGATGTTCAGGTTGACCATCAC
Occludin Forward ACAAGCGGTTTTATCCAGAGTC

Reverse GTCATCCACAGGCGAAGTTAAT
Claudin-1 Forward CTTGGCATGGTGGGGACTC

Reverse CTGGCTTGTCGGATGCAATTC
ZO-1 Forward CAACATACAGTGACGCTTCACA

Reverse CACTATTGACGTTTCCCCACTC
JAM-A Forward ATGGGGACAAAGGCGCAAG

Reverse CAATGCCAGGGAGCACAACA
GAPDH Forward TGTGGGCATCAATGGATTTGG

Reverse ACACCATGTATTCCGGGTCAAT



Table 2 Baseline demographic and disease specific characteristics of patients

N=382

Age (years) 25.3 ± 7.1

Sex (male / female, n ) 258/124

BMI (kg/m2) 18.3±0.8

Disease duration (years) 8.0±4.2

Montreal classification, Age at diagnosis (years)

A1 18 (47.12%)

A2 325 (85.79%)

A3 39 (10.21%)

Montreal classification, Location

L1 122 ( 31.94%)

L2 59 (15.45%)

L3 171 ( 44.76%)

L4 30 (7.85%)

Montreal classification, Behaviours

B1 198 (51.83%)

B2 103 ( 26.96%)

B3 81 (21.20%)

Previous intestinal surgery 42 (10.99%)

Perianal disease 146 (38.22%)

Extraintestinal manifestations 77 (20.16%)

Smoking habit 32 (8.38%)

Previous treatment



Mesalazine 62 (16.23%)

Glucocorticoid 140 (36.65%)

Immunosuppressant 227 (59.42%)

Table 3 Remission degree and nutritional status of CD patients（ sx  ）

Characteristics Before IFX After IFX P-value

BMI (kg/m2) 18.3±1.8 19.5±2.1 0.037

CDAI (score) 245.2±23.5 113.2±12.5 0.001

CRP (mg/L) 47.2±9.3 16.3±2.3 0.015

Hb (g/L) 95.3±8.4 117.2±10.3 0.020

ESR (mm/h) 23.3±9.8 21.7±12.9 0.053

Alb (g/L) 33.2±5.4 34.1±8.9 0.091



Table 4 Expression of pro-inflammatory cytokines in blood samples (pg/mL,

n=314, sx  ）

Characteristics Before IFX After IFX P-value

TNF-α 158.2±38.3 106.4±29.9 ≤0.001

IFN-γ 28.3±13.4 25.7±10.8 0.003

IL-2 3.3±2.4 2.9±1.7 0.008

IL-6 16.3±7.4 15.4±4.2 0.039

IL-10 3.1±0.7 3.2±1.1 0.134

IL-17A 38.5±11.2 29.9±12.7 ≤0.001



Figures

Figure 1

Effect of IFX on CD. (A) Endoscopic manifestations of CD patients. (B) Pathological

changes of CD patients (original magni�cation ×200).



Figure 2

Effect of IFX on in�ammatory factors in CD patients. (A) mRNA levels of in�ammatory

factors assessed by qRT-PCR. Data are expressed as mean ± SD (n = 20, *p<0.05 before IFX vs.

control, #p<0.05 after IFX vs. before IFX). (B) Protein levels of in�ammatory factors assessed by



western blotting. (C) Tissue levels of in�ammatory factors assessed by immunohistochemical

staining (original magni�cation ×200).

Figure 3

Effect of IFX on tight junctions in CD patients. (A) mRNA levels of tight junction

proteins assessed by qRT-PCR. Data are expressed as mean ± SD (n = 20, *p <0.05 before IFX

vs. controls, #p<0.05 after IFX vs. before IFX). (B) Protein levels of tight junction proteins

assessed by western blotting. (C) Tissue levels of tight junction proteins assessed by

immunohistochemical staining (original magni�cation × 200). (D) SEM observation of tight

junctions in intestinal mucosa (Mi, mitochondria; Vi, microvilli; TJ, tight junction; MG, mucus

granule; original magni�cation ×10,000).

Figure 4

Effect of IFX on pathway proteins in CD patients. (A) Abundance of p38 MAPK/NF-κ

B p65 pathway proteins assessed by western blotting. (B) Tissue levels of tight junction proteins

assessed by immunohistochemical staining (original magni�cation ×200).



Figure 5

Effect of IFX on cells in vitro. (A) Cytokine levels of in�ammation assessed by ELISA.

Data are expressed as mean ± SD (n = 20, *p <0.05 LPS vs. NC, #p<0.05 LPS+IFX vs. LPS).

(B) Protein levels of tight junction proteins assessed by western blotting. (C) Abundance of p38



MAPK/NF-κB p65 pathway proteins assessed by western blotting.


