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Purpose: We conducted a preliminarily exploration of the role and possible mechanism of 

the non-tight junction-related function of claudin-7 in the occurrence and development of 

colorectal cancer.

Methods: We selected the colorectal cancer cell line HCT116, constructed a stably transfected 

claudin-7 knockdown cell line via RNAi and lentiviral infection, and determined the claudin-7 

knockdown efficiency. We assessed the biological behavior changes (cell viability, apoptosis, and 

migration) in the stably transfected HCT116 cells and observed structural changes in the tight 

junction by transmission electron microscopy. We used a subcutaneous tumor formation model to 

assess the tumorigenicity of HCT116 cells after claudin-7 knockdown. We assessed the expression 

and localization of integrinβ1 in the stably transfected cell line by immunofluorescence staining 

and investigated the interaction between integrinβ1 and claudin-7 by co-immunoprecipitation.

Results: After the knockdown of claudin-7 the expression, the viability and migration ability of 

HCT116 cells increased and apoptosis decreased. Transmission electron microscopy indicated 

that the intercellular tight junction structure did not change substantially. Furthermore, the tumor 

growth in nude mice was enhanced. Immunofluorescence staining showed that integrinβ1 and 

claudin-7 were co-expressed and co-localized on the cell membrane, and immunoprecipitation 

suggested that claudin-7 interacts with integrinβ1.

Conclusion: Claudin-7 may inhibit the proliferation and migration of tumor cells by interacting 

with integrinβ1, subsequently participating in the development of colorectal cancer.
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Introduction
Colorectal cancer (CRC) is one of the common human malignant tumors. As a cancer 

with high incidence and high mortality,1 CRC greatly affects human life and health; 

and patients with CRC generally present high recurrence, high mortality and low cure 

rates, and no effective treatment methods currently exist. Thus, exploring the possible 

molecular mechanism underlying the occurrence and development of CRC and finding 

new therapeutic targets are paramount.

Tight junctions (TJs), the most common intercellular connection, are located at 

the apical cell junction complex, a special structure formed by the close binding of 

adjacent cells; TJs are composed primarily of occludins, claudins, adhesion molecules 

(junctional adhesion molecules, JAMs) and the zonula occludens proteins (ZO-1, ZO-2, 

and ZO-3), which play an important role in regulating transport and the permeability 

of adjacent cells by maintaining the barrier function of epithelial cells and controlling 
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the horizontal diffusion of proteins in the lipid bilayer.2–4 The 

claudin family is a protein family important in the formation of 

TJs. Twenty-seven claudin family members have been found to 

date;5 the molecular weight of these proteins is between 20 and 

27 kDa, and they are widely expressed among epithelial cells.6 

Claudins play an important role in intercellular exchange, 

barrier function maintenance and cell polarity. Recently, 

the claudin family has been found to participate not only in 

classical tight junction-related functions such as barrier and 

fence functions but also in non-tight junction-related func-

tions such as inflammation initiation and tumor development 

processes; for example, the expression of claudin-1, claudin-2 

and claudin-7 in invasive breast cancer is decreased.7–10 The 

upregulated expression of claudin-3 and claudin-7 and the 

downregulation of claudin-18 expression might be related to 

the occurrence of gastric cancer; indeed, the upregulation of 

claudin-7 expression and the downregulation of claudin-18 

expression might be an indicator of poor prognosis in gastric 

cancer patients.11 Furthermore, in cervical cancer tissues, the 

expression of claudin-5 and claudin-9 was downregulated and 

that of claudin-8 was upregulated; this expression pattern was 

associated with lymph node metastasis.12

Claudin-7 is an important member of the claudin family 

and is widely distributed in the intestines, stomach, lung, 

bladder, skin and kidney. In addition, claudin-7 plays an 

important role in maintaining the normal physiological 

function of various organs. The general claudin-7 gene 

knockout mouse model constructed by Lei Ding exhibited 

inflammatory responses, intestinal epithelial cell exfoliation 

and mucosal ulcers, suggesting that claudin-7 may play a 

non-tight junction-related role involved in the initiation of 

intestinal inflammation and the maintenance of environmen-

tal homeostasis in the intestine.13 Moreover, the study had 

confirmed that the non-junction of claudin-7 was related 

to the location. And many researches also had the same 

conclusion that basolateral membrane claudins-regulation 

of epithelial-mesenchymal transformation, cell migration, 

invasion, and tumorigenesis.14 Integrins are heterodimers 

with α and β subunits, which mainly mediate the interaction 

of cells with the extracellular matrix via functions such as 

the regulation of cell attachment, activity, proliferation and 

invasion, along with signal transduction.15–17 Integrinβ1 is 

an important member of the integrin family. Integrinβ1 has 

been found to be abnormal in many tumors and is involved 

in tumor occurrence and development.

The precise roles of claudin-7 in intestinal tumorigenesis 

are largely unknown. In their study, Bhat et al, came to the 

conclusion that claudin-7 expression induced mesenchymal 

to epithelial transformation (MET) to inhibit colon tumori-

genesis.18 But we found that claudin-7 co-localized and 

formed a protein complex with integrinβ1 in CRC cells. 

Interference with claudin-7 expression not only inhibited 

apoptosis but also disrupted the localization and down-

regulated the expression of integrinβ1 at the protein level. 

Claudin-7 was confirmed to participate in biological behavior 

changes in CRC cells through this interaction with integrinβ1. 

Hence, claudin-7 exhibits non-tight junction-related activity 

in regulating the biological behavior of CRC cells through 

integrinβ1.

Material and methods
Cell culture, lentiviral shRna knockdown 
of claudin-7 and transfection
The CRC cell line HCT116 which was purchased commer-

cially from Shanghai Genechem Co, Ltd (Shanghai, China) 

was grown in RPMI-1640 culture medium containing 10% 

FBS in a humidified air (5% CO
2
) atmosphere at 37°C. 

Three lentiviral claudin-7 shRNA vectors (sequence#1: 

5 ′-ATGGGTGGAGGCATAATTT-3 ′ ;  sequence#2: 

5′-CTAAGTCCAACTCTTCCAA-3′; and sequence#3: 

5′-GCTCCTATGCGGGTGACAA-3′) or one control vector 

(sequence: 5′-TTCTCCGAACGTGTCACGT-3′) were trans-

fected into HCT116 cells. All lentiviral vectors contained 

an EGFP (enhanced green fluorescent protein) expression 

sequence. After 16 hours of infection, the cell culture medium 

was replaced with fresh medium. After 72 hours of incuba-

tion, transfected cells were selected by 2 µg/mL puromycin.

Rna isolation and real-time quantitative 
PCR
Total RNA was isolated from HCT116 control, claudin-7 

negative control and claudin-7 knockdown cells using TRIzol 

reagent (Thermo Fisher Scientific, Waltham, MA, USA) fol-

lowing the manufacturer’s instructions. Real-time quantita-

tive PCR was performed using SYBR Green PCR Master Mix 

(TOYOBO, Japan) and an ABI7500 system (Thermo Fisher 

Scientific) according to the manufacturers’ instructions. 

GAPDH (glyceraldehyde-3-phosphate dehydrogenase) was 

used as the endogenous control for all cell lines. Each sample 

was analyzed in triplicate, and the relative changes in gene 

expression were analyzed using the comparative threshold 

cycle (2−ΔΔCt) method.

Western blot analysis
Total protein was extracted from HCT116 control, claudin-7 

negative control and claudin-7 knockdown cells, and the 
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protein concentration was measured using a BCA (protein 

assay kit) assay (Thermo Fisher Scientific). Equal amounts 

of protein (20 µg/well) were separated on 10% or 8% SDS 

polyacrylamide gels and transferred to nitrocellulose mem-

branes. After the nitrocellulose membranes were blocked 

with 5% nonfat dry milk in TBST buffer (0.1% TWEEN-20) 

for 2 hours at room temperature, they were incubated with 

antibodies against claudin-7 (1:1000, Abcam, Cambridge, 

MA, USA), integrinβ1(1:1000, Abcam), GAPDH (1:10000, 

CST, [cell signaling technology, Danvers, MA, USA]) and 

β-actin (1:10,000, CST) at 4°C overnight. The membranes 

were then incubated with a secondary antibody for 2 hours 

at room temperature. Finally, the membranes were visual-

ized using an Odyssey infrared imaging system (LI-COR, 

Lincoln, NE, USA). GAPDH and β-actin were used as the 

internal references.

Cell viability assay (CCK-8 assay)
Cell viability was determined by a cell counting kit (CCK-8) 

assay (Dojindo Laboratories, Japan). The transfected cells 

were plated into 96-well plates at a density of 2,000 cells/

well. At 24, 48, 72, and 96 hours, the cells were incubated 

with CCK-8 reagent (10 µL/well) for 2–4 hours at 37°C, 

after which the absorbance at 450 nm was measured with a 

microplate reader SPARK® 10M, (Tecan Group Ltd, Män-

nedorf, Switzerland).

Wound healing (migration) assay
HCT116 cells stably transfected with claudin-7 or empty 

vector were seeded evenly in 96-well plates and allowed to 

grow to full confluence. The cell monolayer was scratched 

using a 10 µL pipette tip to create a wound. The plates were 

washed three times with PBS to remove the floating cells 

before serum-free medium was added. The cell migration 

distances were imaged at 0, 8, and 24 hours after the scratches 

were made. Three fields were randomly selected for imaging 

in each experiment, and three independent experiments were 

performed to calculate the migration distance.

in vivo tumor xenograft model
Six-week old male and female athymic nude mice were 

obtained from Beijing Weitong Lihua Experimental Animal 

Technology Co. Ltd (Beijing, China) and used for human 

tumor xenografting. A total of 5×106 HCT116 control, clau-

din-7 negative control and claudin-7 knockdown cells were 

suspended in the culture medium and injected subcutaneously 

into the left and right flanks of each nude mouse. All mice 

were sacrificed four weeks after injection, and the tumors 

were removed and weighed. The animal experiments were 

performed according to the animal use protocol approved 

by Beijing Shijitan Hospital and had passed the approval of 

the animal ethics committee of Beijing Shijitan Hospital.

Immunofluorescence
HCT116 control, claudin-7 negative control and claudin-7 

knockdown cells grown in confocal chambers (Nest 801006) 

were fixed in 4% paraformaldehyde for 20–30 minutes at 

room temperature and washed with PBS for 10 minutes 

before being blocked in 1% BSA for 60 minutes at room 

temperature. After blocking, the cells were incubated with 

primary antibodies. All antibodies were diluted in PBS con-

taining 1% BSA. After washing, the cells were incubated 

with the corresponding secondary antibodies for 60 minutes 

at room temperature in the dark. A drop of DAPI was added 

to each well of the confocal chambers, and the chambers 

were kept at room temperature for 5 minutes in the dark. 

The samples were imaged using a laser confocal microscope, 

Nikon A1 (Nikon Corporation, Tokyo Japan).

Co-immunoprecipitation
HCT116 claudin-7 negative control and claudin-7 knock-

down cells were washed three times with ice-cold PBS and 

then lysed in RIPA buffer. After centrifugation, the protein 

concentration was measured using a BCA assay (Thermo 

Fisher Scientific). The protein samples were divided into 4 

tubes of 1,200 µg each, and 10% of the sample was used for 

the input control. A 10 µL volume of protein A/G beads were 

added to each tube, and the tubes were incubated for 1 hour at 

4°C with rotation. After centrifugation, the supernatants were 

incubated with either the anti-claudin-7 or anti-integrinβ1 

antibody at 4°C overnight. Protein A/G beads were then 

added to the mixture, which was then incubated at 4°C for 4 

hours. After centrifugation, the supernatants were discarded. 

The beads were washed six times with RIPA buffer and were 

then added to 50 µL loading buffer and boiled at 100°C for 

10 minutes. Bound proteins were eluted from the beads in 

SDS sample buffer and analyzed by Western blotting.

statistical analysis
At least three independent experiments were performed for 

each in vitro experiment. Statistical analysis was performed 

using GraphPad Prism 6.02 software (GraphPad Software 

Inc., La Jolla, CA, USA). All data are presented as the mean 

values ±SD. The differences between two groups were ana-

lyzed using Student’s t-test. A value of P<0.05 was considered 

statistically significant.
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Results
Construction of the claudin-7 stable 
knockdown hCT116 CRC cell line
We used three RNAi loci to knock down the expression of 

claudin-7. The packaged lentivirus was used to infect with the 

target cells. The optimal viral titre of the HCT116 negative 

control cells was 5×108 TU/ml and that of the HCT116 clau-

din-7 knockdown cells was 3×108 TU/ml. The infected cells 

were imaged under a fluorescence microscope to assess the 

infection efficiency (Figure 1). Verification by qPCR (Real-

time Quantitative PCR Detecting System, Life Technologies, 

Singapore) and Western blotting showed that the knockdown 

efficiency of interference vector #2, which was as high as 

96.2%, was the highest among the three RNAi constructs. 

Therefore, we selected the HCT116 cells transfected with 

RNAi constructs #2 to establish the claudin-7 stable knock-

down cell line (Figure 2).

Claudin-7 knockdown decreased 
apoptosis, enhanced cell viability and 
migration and few substantial changes in 
tight junctions
The viability of the different groups of cells was determined 

by measuring the absorbance values at 450 nm at 0, 24, 48, 

72, and 96 hours, and the relative proliferation rate of each 

group was calculated. The results showed that the viability of 

the HCT116 claudin-7 knockdown (HCT116KD) cells was 

higher than that of the HCT116 negative control (HCT116KC) 

cells (P<0.05, Figure 4). The apoptotic ability of the different 

groups of cells was assessed by determining the activity of 

the apoptotic proteases caspase-3/7. The apoptotic ability of 

the HCT116KD cells was weaker than that of the HCT116NC 

cells (P<0.05, Figure 4). The migration ability of the different 

groups of cells was assessed by scratching the cell monolayers; 

imaging the wounds at 0, 8, and 24 hours; and calculating the 

mobility of the cells in each group. The migration ability of 

the HCT116KD cells was higher than that of the HCT116NC 

cells (P<0.05, Figure 4). The cell biological behavior assays 

described above showed that after the knockdown of claudin-7 

expression in the CRC cell line HCT116, the cell viability and 

migration ability were enhanced and the apoptotic ability was 

weakened, suggesting that claudin-7 is a tumor suppressor 

gene. HCT116 negative control and knockdown cells were 

harvested to prepare the transmission electron microscopy 

samples. No obvious change in the tight junction structure at 

the top and sides of the cells was observed microscopically 

between the two groups (as shown in Figure 3).

Claudin-7 suppressed tumor growth in 
vivo
To detect the effect of interfering with claudin-7 expres-

sion on the ability of HCT116 cells to form subcutaneous 

tumors in nude mice, HCT116NC and HCT116KD cells 

were injected subcutaneously in the flanks of nude mice. 

Compared with the tumors formed by the HCT116NC cells, 

the tumors formed in the nude mice by the HCT116KD cells 

were larger and exhibited a higher tumor formation ability 

(Figure 5). The tumors were separated from both flanks of 

the nude mice. The expression of claudin-7 in the tumor tis-

sues was detected by qPCR and Western blotting. Claudin-7 

expression was significantly lower in the tissues from the 

HCT116KD group than in the tissues from the HCT116NC 

group (Figure 5), further suggesting that claudin-7 is a tumor 

suppressor gene and could inhibit tumor growth.

interaction between claudin-7 and 
integrinβ1 in hCT116 cells
The expression of the integrinβ1 protein in the stably trans-

fected cell lines HCT116NC and HCT116KD was detected 

by Western blotting. The expression of the integrinβ1 protein 

was lower in the HCT116KD cells than in the HCT116NC 

cells, which was in accordance with the expression trend of 

the claudin-7 protein in HCT116KD cells and HCT116NC 

cells. The protein expression of both claudin-7 and integrinβ1 

was lower in HCT116KD cells than in the HCT116NC cells 

(Figure 6). Furthermore, the HCT116NC and HCT116KD 

cells were examined for immunofluorescence by confocal 

microscopy. The expression of integrinβ1 was significantly 

different between HCT116NC cells and HCT116KD cells. 

Figure 1 Colorectal cancer cell line hCT116COn and the stable transfected cell 
lines hCT116nC and hCT116KD screened by puromycin.
Notes: Representative phase and green fluorescence images of live control, negative 
control and claudin-7 knockdown cells. Both control and claudin-7 shRna lentivirus 
constructs contain an egFP expression sequence. (Puromycin concentration: 2 µg/
mL, magnification: 100×).
Abbreviations: COn, control; nC, negative control; KD, knockdown; egFP, 
enhanced green fluorescent protein.
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The amount of integrinβ1 on the cell membrane was appre-

ciably lower in HCT116KD cells than in HCT116NC cells, 

consistent with the trend of claudin-7 protein localization 

and expression in the two groups of cells. Again, HCT116NC 

and HCT116KD cells were examined for immunofluores-

cence, and the claudin-7 protein and integrinβ1 protein were 

partially co-localized on the membrane of HCT116 cells. 

Co-immunoprecipitation showed an interaction between clau-

din-7 and integrinβ1. Considering the input control results, 

claudin-7 protein expression in the HCT116KD cells was 

significantly lower than that in the HCT116NC cells, which 

indicated that the knockdown of claudin-7 in the two cell lines 

was still very effective in the setting of immunoprecipitation 

(IP). Because we used the claudin-7 antibody for IP, the clau-

din-7 protein could be immunoprecipitated and the integrinβ1 

protein could be recovered from the immunoprecipitate; the 

amount of both claudin-7 and integrinβ1 in the immunopre-

cipitate was reduced after claudin-7 knockdown, indicating 

that claudin-7 and integrinβ1 could interact with each other. 

However, the reverse use of the integrinβ1 antibody for IP 

resulted in the pull-down of only integrinβ1; claudin-7 was 

not detected in the immunoprecipitate.

Discussion
We demonstrated that after the successful and stable 

interference with the expression of claudin-7, the intercel-

lular TJs, including the apical and lateral junctions, were 

Figure 2 The expression level of claudin-7 in stable transfected cell lines hCT116nC and hCT116KD.
Notes: (A) Relative mRna expression levels of claudin-7 in hCT116nC, hCT116KD1, hCT116 KD2, hCT116KD3. (B) Protein expression levels of claudin-7 in 
hCT116nC, hCT116KD1, hCT116 KD2, hCT116KD3.
Abbreviations: nC, negative control; KD, knockdown.
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Figure 4 increased cell proliferation and migration and decreased cell apoptosis in claudin-7 KD cells.
Notes: (A) The detection of cell viability of CRC cell line hCT116COn and stable transfected cell lines hCT116nC and hCT116KD. Cell viability in group hCT116KD was 
significantly higher than that in group HCT116NC. *P<0.05. (B) The detection of apoptosis ability of CRC cell line hCT116COn and stable transfected cell lines hCT116nC 
and HCT116KD. The apoptosis ability in group HCT116KD was significantly lower than that in group HCT116NC. *P<0.05. (C, D) The detection of migration ability of 
CRC cell line hCT116COn and stable transfected cell lines hCT116nC and hCT116KD. Compared with group hCT116nC, the migration ability of cells in hCT116KD 
group was enhanced. *P<0.05 (magnification: 40×).
Abbreviations: COn, control; nC, negative control; KD, knockdown; CRC, colorectal cancer.
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not  appreciably changed. However, cell proliferation was 

increased, apoptosis-related protease activity was weakened, 

and the cell migration ability was enhanced. Furthermore, 

in the in vivo xenograft experiment assessing subcutaneous 

tumor formation in nude mice, the tumors induced by the 

negative control cells were much smaller than those induced 

by the claudin-7 knockdown cells. Our results suggested that 

claudin-7 could be a tumor suppressor in CRC, inhibiting 

tumor cell growth both in vitro and in vivo. The abnormal 

expression of claudin-7 was found in various tumor tissues. 

For example, the expression of claudin-1, claudin-2 and 

claudin-7 decreased in invasive breast cancer.7–10 The occur-

rence of gastric cancer might be related to the upregulated 

expression of claudin-3 and claudin-7 and the downregulated 

expression of claudin-18; in particular, the upregulation of 

claudin-7 expression and the downregulation of claudin-18 

expression might be an indicator of poor prognosis in gastric 

cancer patients.11

As the main member of the cell surface receptors, inte-

grins not only mediate the interaction between the cell and 

the extracellular matrix but also participate in processes of 

signal transduction, proliferation, differentiation, invasion 

and metastasis in various tumors. Various tumor cells from 

epithelial sources express integrins such as α6β4, α6β1, 

αvβ5, α2β1 and α3β1, and the expression of integrins is dif-

ferent in different tumors; for example, integrins αvβ3, αvβ5 

and αvβ6 are upregulated in the brain metastases of lung 

cancer.19 After the expression of integrinsα2β1 was silenced 

in the human breast cancer cell line MCF-7, the expression 

of the apoptotic protein p53 increased and the cell prolifera-

tion ability decreased, which suggested that α2β1 might be 

an oncogene in breast cancer.20 Integrinβ1 is an important 

member of the integrin family and is abnormally expressed 

in many tumors. For example, the high expression of galec-

tin-1 in carcinoma-associated fibroblasts might promote 

gastric cancer cell migration and invasion by upregulating 

the expression of integrinβ.21 The expression of integrinβ1 

was increased significantly in hypopharyngeal squamous 

cell carcinoma and was correlated with pathological grad-

ing and cervical lymph node metastasis.22 In addition, high 

Figure 6 Decreased protein levels and disrupted localization of integrinβ1 in claudin-7 KD cells.
Notes: (A, B) The expression of claudin-7 and integrinβ1 protein in the stable transfected cell lines hCT116nC and hCT116KD. Compared with group hCT116nC, 
the expression of integrinβ1 protein decreased in group hCT116KD and was consistent with the expression of claudin-7 protein. (C) The expression and location of 
claudin-7 protein in stable transfected cell lines HCT116NC and HCT116KD were detected by cellular immunofluorescence assay. Compared with group HCT116NC, the 
expression of claudin-7 protein in cell membrane of HCT116KD group was significantly reduced (magnification: 200×). (D) The expression and localization of integrinβ1 
protein in stable transfected cell lines hCT116nC and hCT116KD. The expression of integrinβ1 protein in cell membrane of HCT116KD group decreased significantly 
compared with group HCT116NC (magnification: 200×). (E) The co-expression and co-localization of claudin-7 protein and integrinβ1 protein in stable transfected cell lines 
hCT116nC and hCT116KD. according to the diagram, there were partial co-localization and co-expression of claudin-7 and integrinβ1 on the cell membrane in hCT116 
cells (magnification: 100×). (F) The interaction between claudin-7 protein and integrinβ1 protein in stable transfected cell lines hCT116nC and hCT116KD was detected 
by co-immunoprecipitation assay. according to the graph, claudin-7 and integrinβ1 interact with each other in hCT116 cells.
Abbreviations: nC, negative control; KD, knockdown.
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integrinβ1 expression, which increased with increases in 

clinical stage and malignancy, was found in cervical squa-

mous cell carcinoma.23

Numerous studies have shown that claudin family proteins 

could participate in the development of tumors by interacting 

with integrins. An indirect regulatory role of in the integrin/

FAK signaling pathway in human CRC tissue specimens 

was found by Ding et al.24 Bologna et al found that claudins 

and integrins were involved in the invasion and metastasis of 

primary malignant melanoma in the oral mucosa.25 Tabariès 

et al26 showed that claudin-2 expression was low in primary 

breast cancer and that claudin-2 was highly expressed in 

specimens from breast cancer and liver metastases, and in 

vitro experiments confirmed that claudin-2 could promote 

the interaction between breast cancer cells and the extracel-

lular matrix by increasing the expression of the integrinα2β1 

and integrinα5β1 complexes. In the study by Hong et al27 the 

expression of integrinβ1 in EGF-stimulated HCT116 CRC 

cells was mainly localized on the cell membrane, but in 

EGF-stimulated Rab-25 knockout HCT116 cells, integrinβ1 

accumulated in the cell membrane, and EGF, integrinβ1 and 

Rab-25 were proposed as molecular targets for proliferation 

and metastasis, which further explained the important role 

of integrinβ1 in the pathogenesis and development of CRC. 

Lu et al28 found that claudin-7 could inhibit the proliferation 

and detachment of lung cancer cells through interaction 

with integrinβ1. All these findings suggested that integrinβ1 

might be involved in tumor development. Our experiment 

further confirmed that in CRC, claudin-7 might regulate the 

proliferation and migration of tumor cells through interac-

tion with integrinβ1. The immunofluorescence assay showed 

partial co-expression and co-localization of claudin-7 and 

integrinβ1 on the cell membrane of HCT116NC cells and 

a decrease in integrinβ1 expression with the decrease in 

claudin-7 expression in HCT116KD cells; furthermore, the 

IP experiment showed that claudin-7 and integrinβ1 could 

interact with each other. Thus, claudin-7 may participate in 

the proliferation and migration of CRC cells through inter-

action with integrinβ1. However, the IP experiment showed 

that although claudin-7 could interact with integrinβ1, 

when the integrinβ1 antibody was used for IP, claudin-7 

was not detected in the immunoprecipitate, possibly due to 

the indirect interaction between the two proteins. The other 

possible explanation for this result is that the binding sites 

between the integrinβ1 antibody and the integrinβ1 protein 

and the binding sites between the claudin-7 protein and the 

integrinβ1 protein conflict with each other. Thus, the specific 

mechanism remains to be further studied.

Conclusion
Our study indicates that Claudin-7 may inhibit the prolif-

eration and migration of tumour cells by interacting with 

Integrinβ1, subsequently participating in the development 

of colorectal cancer.
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