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A B S T R A C T   

We previously reported that integrin alpha 7 (ITGA7) was downregulated in colorectal cancer (CRC) tissues and 
CRC cell lines and that the lower expression of ITGA7 in CRC tissues was correlated with distant metastasis, 
suggesting that ITGA7 may function as a suppressor in CRC. The present research was conducted to further 
investigate the role and mechanisms of ITGA7 in CRC progression. First, bisulfite modification and genomic 
sequencing (BSP) results showed that the methylation rate of ITGA7 promoter was higher in 10 CRC tissues than 
in the matched normal tissues. Additionally, 5-Aza-CdR treatment increased ITGA7 expression in CRC cells. Gain- 
of-function assays revealed the inhibitory role of ITGA7 in CRC cell proliferation and migration. Mechanistically, 
RNA sequencing, RT-qPCR, and cytoplasm and nuclear separation and rescue assays indicated that knockdown of 
ITGA7 activated the transcription of MMP9, SETD7, and ADAM15 by enhancing the nuclear translocation of NF- 
κB. Moreover, CoIP and Western blot suggested a mechanistic model in which ITGA7 binds to CKAP4 to block the 
interaction of CKAP4 and PI3K p85α and thereby suppress the PI3K/AKT/NF-κB pathway. Accordingly, the 
current study suggests that ITGA7 functions as a suppressor in CRC progression and that its expression is 
controlled by promoter methylation.   

1. Introduction 

Colorectal cancer (CRC) is a common malignant digestive tract 
cancer with a high risk to human health. Due to increasing prevalence, 
CRC is now the third most common malignancy and the second most 
common cause of cancer-related death worldwide [1]. Although more 
and more studies have discovered several targets driving CRC initiation 
and development, the underlying mechanisms of CRC occurrence and 
progression remain unclear. Therefore, in-depth studies are needed to 
explore the concrete molecular mechanisms of CRC progression and 

identify effective molecular targets for CRC treatment. 
Integrins are a large family of adhesion and signaling proteins 

composed of an alpha subunit (ITGA) and beta subunit (ITGB) that 
participate in cell–matrix interactions and cell–cell adhesion to mediate 
biological functions [2]. In recent years, numerous studies have reported 
that multiple types of integrins are differentially expressed in various 
cancers and that the aberrant expression of integrins is closely related to 
tumorigenesis, angiogenesis, cell proliferation, motility, invasion, and 
metastasis [3]. Integrins have emerged as promising targets for the 
treatment of cancer because of their major role in tumor development 
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[4]. However, while some integrins are highly expressed in several 
cancer types and function as oncogenic drivers of tumor progression, 
others appear to suppress malignant tumor behavior. Additionally, in 
some cancer types, certain integrins exhibited opposing effects. 

Integrin alpha 7 (ITGA7), a member of the integrin family, has 
emerged as a potential therapeutic target for certain cancers. It is 
upregulated in tongue squamous cell carcinoma, hepatocellular carci
noma, non-small cell lung cancer, endometrial cancer, and glioblastoma 
[5–9], and its higher expression is positively correlated with poor 
prognosis and reduced survival. ITGA7 targeting in these types of cancer 
could suppress cancer cell proliferation, invasion, metastasis, and 
stemness. In contrast, downregulation of ITGA7 expression has been 
found in breast cancer, papillary thyroid carcinoma, prostate cancer, 
and malignant pleural mesothelioma [10–13]. It functions as a tumor 
suppressor to inhibit the malignant progression of these cancers partially 
by regulating epithelial-to-mesenchymal transition or binding to tissue 
inhibitor of metalloproteinase 3 (TIMP3). Moreover, the reduced 
expression of ITGA7 in breast cancer stem cells (BCSCs) significantly 
correlates with chemoresistance, which suggests that ITGA7 could act as 
a predictive marker for chemotherapy responses [14]. However, its role 
in CRC remains unclear. 

We previously reported the downregulation of ITGA7 in CRC tissues 
and CRC cell lines and the positive correlation of lower expression of 
ITGA7 with distant metastasis [15]. However, the factors causing the 
ITGA7 downregulation in CRC remained unknown. In the current study, 
we reveal the relationship between the hypermethylation of ITGA7 
promoter and reduced expression of ITGA7 in CRC. In addition, the 
inhibitory role of ITGA7 in CRC proliferation and migration was further 
confirmed using functional assays. We also proposed a novel mechanism 
in which ITGA7 binds to cytoskeleton-associated protein 4 (CKAP4) to 
interfere with the interaction of CKAP4 and PI3K p85α, thereby sup
pressing the PI3K/AKT/NF-κB pathway. Our work is the first to reveal 
the crucial function of ITGA7 in CRC progression. 

2. Materials and methods 

2.1. Cell culture 

CRC cell lines and the normal colonic epithelial cell line FHC were 
obtained from American Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in the matched medium with 10 % or 20 % FBS at 
37 ◦C with 5 % CO2. 

2.2. Clinical specimens 

Human CRC tissues and the matched noncancerous mucosal tissues 
were collected from patients with general surgery in Yijishan hospital, 
Wannan Medical College (Wuhu, China). The consents from patients 
were obtained. The use of clinical materials for research purpose were 
approved by the Ethics Committee of Wannan Medical College (Wuhu, 
China). The fresh CRC tissues were immediately frozen in liquid nitro
gen and were stored at − 80 ◦C. All cases were diagnosed as colorectal 
adenocarcinoma. 

2.3. RNA extraction, reverse transcription (RT) and real-time 
quantitative PCR (RT-qPCR) 

The total RNAs was extracted using RNAiso Plus reagent (#9109, 
Takara, Japan) according to the instruction. RT was performed using 
PrimeScript™ RT reagent Kit with gDNA Eraser (#RR047A, Takara, 
Japan). RT-qPCR was done using SybrGreen qPCR Mastermix (#DBI- 
2043, DBI Bioscience, Germany) according to the manufacturer’s in
structions. GAPDH was used as an internal reference. All primers used in 
the study were synthesized by Ruibiotech (Guangzhou, China) 
(Table S1). 

2.4. Construction of ITGA7 overexpression plasmid, small interfering 
RNAs (siRNAs) and transfection 

siRNAs used in the study were designed and synthesized by Gene
Pharma (Suzhou, China) and RiboBio (Guangzhou, China) (Table S2). 
ITGA7 overexpression plasmid was constructed by Ruibiotech 
(Guangzhou, China). lipofectamine3000 (#L3000015, Invitrogen, Life 
Technologies, USA) was used for transfection of siRNAs and plasmid as 
described in the manufacturer’s protocol. 

2.5. Bisulfite modification and genomic sequencing (BSP) 

The methylation status of the CpG island in the ITGA7 promoter was 
analyzed using the bisulfite modification and genomic sequencing (BSP) 
method. Bisulfite modification was performed using the EpiTect Bisul
fite Kit (#59104, QIAGEN, German) according to the manufacturer’s 
instructions. The fragments of 552 bp containing 50 CpG islands of 
ITGA7 promoter were amplified using the following specific primers: 
ITGA7-BSP-Forward, 5′- GGTGATTTATTAGTTTTGGGGT -3′; ITGA7- 
BSP-Reverse, 5′- CAACCTAAACATCCCCTTAAAAAC -3′. The PCR prod
ucts were purified and cloned into the pMD19-T vectors. Individual 
bacterial colonies were picked and sequenced to analyze DNA 
methylation. 

2.6. 5-Aza-CdR treatment 

5-Aza-CdR was purchased from Macklin (#A801497, Macklin, 
China). CRC cells were added 5-Aza-CdR for 48 h. Then, RNA was 
extracted for RT-qPCR detection. 

2.7. Separation of cytoplasm and nucleus fraction 

Separation of cytoplasm and nucleus fraction was performed using 
the Minute nuclear plasma separation kit (#SC-003, Invent Bio
technologies, USA) according to the instruction. Then, the extracts were 
suffered Western blotting detection. GAPDH was used as cytoplasmic 
internal reference and H3 was used as nuclear internal reference. 

2.8. CCK8, colony formation, EdU, transwell migration assay and wound 
healing assay 

These assays were performed as previous described [15–17]. 

2.9. Co-immunoprecipitation (CoIP), coomassie blue staining and mass 
spectrometry (MS) 

Protein was extracted from CRC cells using lysis buffer. The cell ly
sates were shaken slowly for 2 h at 4 ◦C with Flag, PI3K p85α antibodies 
or Control IgG (#AC005, ABclonal, USA). Then, ~20 μl of agarose beads 
(#sc-2003, Santa Cruz, USA) were added into the mixture, which were 
incubated at 4 ◦C overnight. The beads were washed, collected, and the 
proteins were eluted. The eluted proteins were separated by SDS-PAGE 
followed by coomassie blue staining (#PS111, EpiZyme, China). Then, 
the differential protein band was subjected to MS analysis in Wininno
vate Bio (Shenzhen, China). 

2.10. Western blotting 

Western blotting was carried out as previous described [15]. These 
following antibodies were used in Western blotting: anti-ITGA7 (1:500, 
#bs-1816R, Bioss, China), anti-p65 (1:1000, #YM3111, immunoway, 
USA), anti-p-p65 (phospho Ser536) (1:1000, #YP0191, immunoway, 
USA), anti-Flag (1:1000, #20543-1-AP, Proteintech, USA), anti-CKAP4 
(1:500, #A7777, ABclonal, USA), anti-PI3K p85α (1:1000, #R22768, 
ZENBIO, China), anti-Akt (1:1000, #60203-2-Ig, Proteintech, USA), 
anti-p-Akt (phospho Ser473) (1:1000, #YP0006, immunoway, USA), 
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anti-Histone H3 (1:1000, #YT2163, immunoway, USA), anti-GAPDH 
(1:1000, #FD0063, FDbio, China), anti-β-Tubulin (1:1000, #FD0064- 
50, FDbio, China), HRP labeled goat anti-mouse (1:5000, #FDM007, 
FDbio, China) and goat anti-rabbit IgG (1:5000, #FDR007, FDbio, 
China). The protein markers used in the research were purchased from 
ThermoFisher (#26616, ThermoFisher, USA) and EpiZyme (#WJ103, 
EpiZyme, China). The protein bands were detected by using FDBio-Dura 
ECL Kit (#FD8020, FDbio, China). 

2.11. Immunofuorescence (IF) 

IF was performed according to our previous study [18]. Antibodies of 
anti-p65 (1:200, #YM3111, immunoway, USA), anti-Flag (1:100, 
#66008-4-Ig, Proteintech, USA), anti-CKAP4 (1:100, #A7777, ABclo
nal, USA), anti-PI3K p85α (1:100, #222656, ZENBIO, China), dyLight 
488 goat anti mouse IgG (1:200, #RS23210, immunoway, USA) and 
dylight 594 goat anti rabbit IgG were used in the assay. 

Fig. 1. Hypermethylation of ITGA7 promoter downregulates ITGA7 expression in CRC tissues. (A) The UCSC database showed the CpG island in the promoter region 
of ITGA7. (B, C) Determination of the degree of ITGA7 promoter methylation in 10 CRC tissues and matched normal tissues using the bisulfite modification and 
genomic sequencing (BSP) method. (D) The expression of ITGA7 in the same 10 CRC tissues and matched normal tissues was determined using RT-qPCR. N: matched 
normal tissues; T: CRC tissues. (E, F) The expression of ITGA7 and circITGA7 in CRC cells treated with 5-Aza-CdR for 48 h by RT-PCR analysis. 
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2.12. Immunohistochemistry 

Immunohistochemical staining and the H-score calculation of p-Akt 
and p-p65 were carried out as in our previous study [17]. Phospho-AKT 
(Ser473) (1:100; #66444-1-Ig; Proteintech) and phospho-NF-KB p65 
(Ser536) (1:100; #310013; ZENBIO) antibodies were used in the assay. 

2.13. Statistical analysis 

Statistical analysis was performed using GraphPad Prism version 
9.5.1 (GraphPad Software, La Jolla, CA, USA). The measurement data 
were presented as mean ± standard deviation. The comparison between 
two groups was analyzed using the two-tailed Student’s t-test. The 
paired t-test was used to check the difference of ITGA7 expression in 

Fig. 2. ITGA7 inhibits the proliferation and migration of CRC cells. (A) The expression of ITGA7 mRNA and protein was upregulated in SW480 and SW620 cells by an 
ITGA7 overexpression vector. (B) CCK8 and (C) EdU assays showed that the forced ITGA7 expression promoted CRC cell proliferation. Scale bar: 100 μm. (D) A 
colony formation assay indicated that the elevated ITGA7 increased the number of colonies of SW480 and SW620 cells. (E) Transwell migration (Scale bar: 100 μm) 
and (F) wound healing (Scale bar: 200 μm) assays demonstrated that ITGA7 overexpression accelerated CRC cell migration. 
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CRC tissues and the matched normal tissues. Differences were consid
ered to be significant when *P < 0.05, **P < 0.01, ***P < 0.001, ****P 
< 0.0001. N: not significant. 

3. Results 

3.1. Hypermethylation of ITGA7 promoter reduces ITGA7 expression in 
CRC 

We previously found that ITGA7 was downregulated in CRC tissues 
and CRC cell lines and that the reduced ITGA7 expression promoted CRC 
cell proliferation and migration [15]. However, the factors underlying 
the ITGA7 decrease in CRC remained unknown. Because mutations and 
epigenetic alterations are the most common causes of tumor suppressor 
inactivation, we analyzed the mutation status of ITGA7 in CRC using the 
cBioPortal for Cancer Genomics database (http://www.cbioportal.org/ 
). The results showed a mutation rate of ITGA7 of just 1.4 % (29/ 
2081) in CRC (Supplementary Fig. S1), which suggested that mutation 
was not a main participant in the downregulation of ITGA7. 

Therefore, we further examined the methylation status of the ITGA7 
promoter. First, we analyzed CpG islands in the ITGA7 promoter using 
the UCSC database (http://genome.ucsc.edu/). The prediction revealed 
a single CpG island in the promoter region of ITGA7 (Fig. 1A). The GC 
content of the CpG island was 64.9 %, its size was 484 bp, the ratio of 
observed to expected CpG was 0.75, and the CpG count was 58 (Fig. 1A). 
In addition, the methylation degree of the CpG island in the ITGA7 
promoter in 10 paired CRC tissues and matched normal tissues was 
determined using the bisulfite modification and genomic sequencing 
(BSP) method. The results showed that the CpG island methylation de
gree of ITGA7 promoter was higher in CRC tissues than in normal tissues 
(Fig. 1B and C). Correspondingly, the expression of ITGA7 was down
regulated in these 10 CRC tissues compared to the matched normal 
tissues (Fig. 1D). Next, 5-Aza-CdR was used to inhibit DNA methylation 
in CRC cells, and an increase in ITGA7 and circITGA7 (the circular 
transcript form of ITGA7) was observed (Fig. 1E and F). These results 
demonstrated that hypermethylation of the ITGA7 promoter resulted in 
ITGA7 silencing in CRC. 

3.2. ITGA7 inhibits CRC cell proliferation and migration 

We previously found that reduced ITGA7 expression in CRC cells 
could increase proliferation and migration [15]. In the present study, we 
further performed a gain-of-function assay to confirm the inhibitory role 
of ITGA7 in CRC progression (Fig. 2A). CCK8 and EdU assays indicated 
that elevated ITGA7 expression inhibited CRC cell proliferation (Fig. 2B 
and C). A colony formation assay showed that increased ITGA7 
expression suppressed the clonogenicity of CRC cells (Fig. 2D). Addi
tionally, Transwell migration and wound healing assays demonstrated 
that the upregulation of ITGA7 attenuated the migratory capacity of 
SW480 and SW620 cells (Fig. 2E and F). These findings revealed the 
inhibitory role of ITGA7 in CRC cell proliferation and migration. 

3.3. Knockdown of ITGA7 upregulates MMP9, SETD7, and ADAM15 
transcription 

In our previous research, we used RNA sequencing to screen 125 
differentially expressed genes in SW480 cells after knockdown of ITGA7 
expression [15]. There were 48 upregulated genes, and 26 genes had an 
expression level higher than 5 FPKM (Fig. 3A and Table S3). Based on 
the literature, we selected 6 oncogenes among the 26 genes—MMP9, 
FOSL1, ADAM15, PRMT6, SETD7, and TM4SF1—for further verification 
of their expression in CRC cells with increased or decreased ITGA7 
expression (Fig. 3A). RT-qPCR results showed that ITGA7 knockdown 
upregulated the expression of MMP9, SETD7, and ADAM15 in SW480, 
SW620, and HCT116 cells (Fig. 3B). In contrast, overexpression of 
ITGA7 reduced the expression of these three genes (Fig. 3C). These 

findings indicated that MMP9, ADAM15, and SETD7 expression is 
regulated by ITGA7. 

3.4. MMP9, SETD7, and ADAM15 participate in the inhibitory role of 
ITGA7 in CRC cell proliferation and migration 

To further validate whether MMP9, SETD7, and ADAM15 were 
involved in the effect of ITGA7 silencing on CRC progression, we per
formed rescue experiments. An EdU assay revealed that knockdown of 
MMP9 or SETD7 restored the enhanced proliferative ability of CRC cells 
induced by ITGA7 knockdown (Fig. 4A). However, downregulation of 
ADAM15 was unable to attenuate the effect of ITGA7 on CRC cell pro
liferation (Fig. 4A). Similar to the EdU results, Transwell migration and 
wound healing assays demonstrated that the accelerated migratory ca
pacity caused by ITGA7 silencing could be reverted by reduced MMP9, 
SETD7, or ADAM15 expression (Fig. 4B and C). These results showed 
that MMP9, SETD7, and ADAM15 participated in the regulatory effect of 
ITGA7 on CRC malignant behavior. 

3.5. Downregulation of ITGA7 expression upregulates MMP9, SETD7, 
and ADAM15 transcription by increasing NF-κB nuclear transport 

To explore the mechanisms by which ITGA7 regulates the tran
scription of MMP9, SETD7, and ADAM15, we predicted the transcription 
factors of these genes using the KEGG database (https://www.kegg.jp/ 
kegg/pathway.html) and the Cistrome Data Browser (http://cistrome. 
org/db/#/). In the KEGG database, we found that NF-κB is the spe
cific transcription factor for MMP9. In the Cistrome Data Browser, we 
observed the presence of NF-κB binding peaks in the promoters of 
MMP9, SETD7, and ADAM15 in CRC cell lines. Moreover, in our pre
vious study, the differentially expressed genes induced by decreased 
ITGA7 expression were enriched in the NF-κB pathway [15]. Therefore, 
NF-κB is the most likely transcription factor to mediate the regulatory 
role of ITGA7 in MMP9, SETD7, and ADAM15 transcription. 

The NF-κB family contains five members and p65 is the most 
important subunit for their transcriptional activity. When NF-κB is 
activated, p65 is phosphorylated and translocates to the nucleus to 
regulate gene transcription. We found that overexpression of ITGA7 
resulted in a decrease in p-p65 while ITGA7 knockdown had the oppo
site effect (Fig. 5A). In addition, IF indicated that upregulation of ITGA7 
inhibited p65 nuclear translocation (Fig. 5B). Furthermore, we isolated 
the cytoplasmic and nuclear fractions of CRC cells after ITGA7 knock
down or overexpression to further verify the effect of ITGA7 on the 
subcellular location of p65. As shown in Fig. 5C, ITGA7 downregulation 
increased the level of nuclear p65. As shown in Fig. 5C, downregulated 
ITGA7 expression increased the level of nuclear p65. Conversely, ITGA7 
upregulation inhibited p65 translocation to the nucleus. Moreover, BAY 
11-7082, an inhibitor of the NF-κB pathway, was used to investigate the 
role of NF-κB in the transcription of MMP9, SETD7, and ADAM15. The 
results showed that BAY 11-7082 reduced the elevated expression of 
MMP9, SETD7, and ADAM15 caused by ITGA7 silencing (Fig. 5D). 

3.6. ITGA7 suppresses the PI3K/AKT/NF-κB pathway by interfering with 
the interaction of PI3K p85α and CKAP4 through binding to CKAP4 

To further investigate the molecular mechanisms by which ITGA7 
regulates NF-κB nuclear transport, we performed a CoIP assay to screen 
the interacting targets of ITGA7. After Coomassie blue staining, two 
differential bands in the ITGA7 group were observed compared to the 
control (Fig. 6A). One band was ITGA7 protein according to the band 
mass while the second candidate band was subjected to MS identifica
tion (Fig. 6A). Among 77 proteins identified by MS, there were 16 
proteins (except 2 keratin proteins) with masses ranging from 65 kDa to 
70 kDa (Table S4). CKAP4 was the most likely target because it had the 
highest − 10lgP score (Fig. 6B). Furthermore, CoIP and IF confirmed the 
interaction and colocalization of ITGA7 and CKAP4 (Fig. 6C and D). 
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Fig. 3. Knockdown of ITGA7 increases the expression of MMP9, SETD7, and ADAM15 in CRC cells. (A) Heatmap showing the top 26 upregulated genes in SW480 
cells with knockdown of ITGA7 expression compared with control cells. Genes in red frames were selected for further verification. (B) The expression of the indicated 
six genes in SW480, SW620, and HCT116 cells after knockdown of ITGA7 expression was determined by RT-qPCR. (C) MMP9, SETD7, and ADAM15 expression was 
downregulated in SW480, SW620, and HCT116 cells with overexpression of ITGA7. 
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CKAP4 has been reported to be upregulated in cancers and to activate 
the PI3K/AKT pathway by binding to PI3K p85α [19]. We found that 
neither knockdown nor overexpression of ITGA7 affected the CKAP4 
expression level (Fig. 6E). However, CoIP and IF indicated that upre
gulation of ITGA7 interfered with the binding and colocalization of PI3K 
p85α and CKAP4 (Fig. 6F and G). Consistent with these findings, ITGA7 
upregulation decreased the p-Akt level while ITGA7 knockdown had the 
opposite effect (Fig. 6H). Because NF-κB is downstream of PI3K/AKT, 
these data are in accordance with the result that ITGA7 inactivated the 
NF-κB pathway. To further verify the regulatory role of ITGA7 in the 
PI3K/AKT/NF-κB pathway, we used immunohistochemistry to assess p- 
Akt and p-p65 levels in the subcutaneous tumors of nude mice with 
ITGA7 silencing, which were created in our previous study [15]. The 
results showed that ITGA7 knockdown increased p-Akt and p-p65 levels 
in vivo (Fig. 7A). 

Taken together, we propose that hypermethylation of ITGA7 pro
moter suppresses ITGA7 expression in CRC. ITGA7 interferes with the 
interaction of PI3K p85α and CKAP4 by binding to CKAP4 and thereby 
suppresses the PI3K/AKT/NF-κB pathway to inhibit CRC cell prolifera
tion and migration (Fig. 7B). 

4. Discussion 

We previously reported the downregulation of ITGA7 in CRC tissues 
and CRC cell lines [15]. In the current research, we propose that 
hypermethylation of ITGA7 promoter reduces the expression of ITGA7 
in CRC. Aberrant DNA methylation is one of the common causes of the 
loss of suppressor genes. In line with our findings, the hypermethylation 
of ITGA7 promoter in pleural mesothelioma also resulted in reduced 
ITGA7 expression in cancer cells [13]. 

In terms of the function of ITGA7 silencing in CRC, we previously 

revealed that ITGA7 downregulation promoted CRC cell proliferation 
and migration [15]. In the current study, a gain-of-function assay 
showed that ITGA7 possessed an inhibitory effect on CRC cell prolifer
ation and migration. Similar to our findings, previous studies found that 
ITGA7 functions as a suppressor to suppress cancer cell progression in 
breast cancer, papillary thyroid carcinoma, prostate cancer, and ma
lignant pleural mesothelioma [10–13]. However, in other cancer types, 
such as tongue squamous cell carcinoma, hepatocellular carcinoma, 
non-small cell lung cancer, endometrial cancer, and glioblastoma [5–9], 
ITGA7 served as an oncogene to promote cancer development. The 
diverse downstream targets and interacting proteins of ITGA7 may 
explain the opposing functions of ITGA7 in different malignancies. For 
example, ITGA7 upregulates cancer stem cell markers, such as CD44 and 
CD133, to promote cancer cell proliferation and stemness in tongue 
squamous cell carcinoma and hepatocellular carcinoma [5,6]. However, 
based on RNA sequencing and verification, we proposed MMP9, SETD7, 
and ADAM15 to be the targets of ITGA7 in CRC. ITGA7 knockdown 
promoted the transcription of MMP9, SETD7, and ADAM15. MMP9, a 
well-known metastasis-associated protein, has been reported to promote 
the proliferation and metastasis of multiple tumors [20,21]. For the 
other two proteins, more and more studies have demonstrated that 
SETD7 and ADAM15 play crucial roles in malignant tumor behavior. For 
example, SETD7 is highly expressed in bladder cancer [22] and triple- 
negative breast cancer [23], and overexpression of SETD7 promotes 
the proliferation and migration of cancer cells. In addition, SETD7 is a 
potential diagnostic biomarker for CRC and knockdown of SETD7 in
hibits CRC cell proliferation [24]. Moreover, ADAM15 is upregulated in 
several types of cancer, such as bladder cancer and non-small cell lung 
cancer, and the elevated expression of ADAM15 has been associated 
with the metastatic progression of cancer [25,26]. 

Consistent with these reports, functional rescue experiments 

Fig. 4. MMP9, SETD7, and ADAM15 participate in the inhibitory role of ITGA7 in CRC cell proliferation and migration. (A) The proliferation of SW480 and SW620 
cells was determined using an EdU assay after their transfection with siRNAs targeting the indicated genes. Scale bar: 100 μm. (B) Transwell migration (Scale bar: 
100 μm) and (C) wound healing (Scale bar: 200 μm) assays showed that MMP9, SETD7, or ADAM15 silencing rescued the enhanced migratory ability caused by 
ITGA7 knockdown. Red line: migration initiation site; black line: migration termination site after 24 h. 
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indicated that knockdown of MMP9 or SETD7 antagonized the cancer- 
promoting effect of ITGA7 silencing. Nevertheless, knockdown of 
ADAM15 only attenuated the enhanced migratory ability of CRC cells 
induced by ITGA7 silencing but did not restore the increased prolifera
tive capacity. These findings demonstrated that ADAM15 merely 
participated in the regulatory role of ITGA7 in CRC migration. Although 
we have confirmed that MMP9, SETD7, and ADAM15 mediated the 
activity of ITGA7, other genes may also contribute to the function of 
ITGA7 in CRC, and these require further study. 

In addition, we presented the mechanisms by which ITGA7 knock
down promoted the transcription of MMP9, SETD7, and ADAM15 by 
increasing NF-κB nuclear transport. Based on the bioinformatics anal
ysis, NF-κB was the transcription factor for these three genes in CRC cell 
lines. p65 (RelA) is a subunit of NF-κB with transcriptional activity 
[27,28]. As the end-point molecule in the NF-κB pathway, the phos
phorylation and nuclear translocation of p65 represents NF-κB activa
tion [29]. We observed that ITGA7 knockdown increased the levels of p- 
p65 and nuclear p65, thereby upregulating MMP9, SETD7, and ADAM15 
transcription. Furthermore, the upregulated transcription could be 
reverted by NF-κB inhibitor. These findings indicated the involvement of 
NF-κB in the ability of ITGA7 to regulate MMP9, SETD7, and ADAM15 
expression. 

How ITGA7 regulated NF-κB nuclear translocation is unclear. Tan 
et al. demonstrated that ITGA7 led to the cytoplasmic translocation of 
NF-κB by binding to tissue inhibitor of metalloproteinase 3 (TIMP3) in 
prostate cancer [12]. In our research, we identified CKAP4 as the 
interacting protein of ITGA7 in CRC. Recent studies have recognized 
CKAP4 as an oncogene in several types of cancer [30–34], and it is ex
pected to be a therapeutic target in cancer. CKAP4 has been reported to 
activate the PI3K/AKT pathway by forming a complex with PI3K p85α 
[19]. In the present work, we found that ITGA7 bound to CKAP4 to 
interfere with the interaction of CKAP4 and PI3K p85α, thereby sup
pressing the PI3K/AKT/NF-κB pathway. However, the hyper
methylation of ITGA7 promoter in CRC downregulated ITGA7 
expression, which resulted in CRC progression. Our results suggest that 
modulating aberrant epigenetic modifications or administering exoge
nous ITGA7 to CRC patients with abnormal PI3K/AKT/NF-κB activation 
may be a promising therapeutic strategy. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bbamcr.2024.119785. 
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Fig. 5. Downregulation of ITGA7 expression upregulates the transcription of MMP9, SETD7, and ADAM15 by increasing NF-κB nuclear transport. (A) Western blot 
revealed that ITGA7 upregulation suppressed p65 phosphorylation while ITGA7 knockdown increased the p-p65 level. (B) IF revealed that upregulation of ITGA7 
inhibited the nuclear transport of p65. Scale bar: 8 μm. (C) Downregulation of ITGA7 expression increased the nuclear p65 level, whereas overexpression of ITGA7 
decreased p65 nuclear transport in SW480 and SW620 cells. (D) The elevated MMP9, SETD7, and ADAM15 transcription induced by reduced ITGA7 expression in 
SW480 and SW620 cells was blocked by BAY 11-7082 (an inhibitor of the NF-κB pathway). 
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Fig. 6. ITGA7 inhibits the interaction of PI3K p85α and CKAP4 to suppress the PI3K/AKT/NF-κB pathway by binding to CKAP4. (A) A CoIP assay was used to identify 
the possible interacting targets of ITGA7. Coomassie blue staining showed the ITGA7 band and a differentially expressed band marked by red frames in the ITGA7 
overexpression group compared to the control group, and CKAP4 was identified to be the most likely candidate target of ITGA7 by MS. (B) The amino acid sequences 
of CKAP4 and 17 peptides identified by MS. Below is the peak diagram of one unique peptide of CKAP4. (C) A CoIP assay verified the interaction of ITGA7 and CKAP4 
in SW480 and SW620 cells. (D) IF demonstrated the colocalization of ITGA7 and CKAP4 in SW480 and SW620 cells. Scale bar: 8 μm. (E) The expression of CKAP4 in 
SW480 and SW620 cells after ITGA7 downregulation or upregulation, as determined by Western blot. (F) A CoIP assay indicated that ITGA7 overexpression 
interfered with the interaction of CKAP4 and PI3K p85α in SW480 and SW620 cells. (G) IF showed that upregulation of ITGA7 inhibited the colocalization of CKAP4 
and PI3K p85α in CRC cells. Scale bar: 8 μm. (H) Western blot indicated that ITGA7 upregulation decreased the p-Akt level while ITGA7 knockdown had the 
opposite effect. 
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