
 

www.aging-us.com 19064 AGING 

INTRODUCTION 
 

Gastric cancer is one of the most common malignant 

carcinomas with the third leading causes of cancer-

associated death worldwide [1]. Surgery combing 

adjuvant chemotherapy is usually implemented for gastric 

cancer patient treatment in early stage [2]. In metastatic 

disease, gastric cancer patients suffered poor outcome, 

with a median survival being around 1 year due to the 

sustained tumor progression and developed chemo-

resistance [3]. However, the underlying mechanism of 

tumor progression in gastric cancer remains controversial, 

and there is urgent need to explore innovative approach to 

elevate the treatment efficiency in gastric cancer therapy. 
 

Cancer development is bound up with diverse biological 

process, including extracellular matrix alterations, 

which influence the tumor cells proliferation, integrins 

associated signaling pathways activation and cellular 

focal adhesion formation [4–6]. Increasing evidence has 

suggested that extracellular matrix could provide 

protection against chemotherapy-induced cells 

apoptosis, and mediate pro-survival signaling pathways 

activation through bounding to integrins receptors on 

tumor cells [7, 8]. Various compounds in extracellular 

matrix have been suggested to be correlated with tumor 

progression, including type I collagen [9] and laminin 

[10]. However, the potential role of type I collagen, the 

major component in extracellular matrix, still remains 

controversial. Previous investigation has implicated that 

type I collagen could facilitate tumor stemness and 
promote the cells metastasis in a 3D collagen gel [11, 

12]. However, the statistical analysis based on TCGA 

database suggested a poor correlation between the type I 

www.aging-us.com AGING 2021, Vol. 13, No. 14 

Research Paper 

Type I collagen promotes tumor progression of integrin β1 positive 
gastric cancer through a BCL9L/β-catenin signaling pathway 
 

Yalei Lv1, Yujie Shan1, Lina Song2, Yufei Zhao3, Ruixue Lai3, Junyan Su4, Xiaoyun Zhang3 
 
1Department of Medical Oncology, The Fourth Hospital of Hebei Medical University, Hebei, China 
2Department of Oncology, Cangzhou Central Hospital, Hebei, China 
3Department of Immunology and Rheumatology, The Fourth Hospital of Hebei Medical University, Hebei, China 
4Lifehealthcare Clinical Laboratories, Hangzhou, Zhejiang, China 
 
Correspondence to: Yalei Lv, Xiaoyun Zhang; email: lvyalei@hebmu.edu.cn, zxy20210426@hebmu.edu.cn  
Keywords: type I collagen, integrin β1, BCL9L, β-catenin, gastric cancer 
Abbreviations: ITGB1: integrin β1; CR: chemo-resistant; CS: chemo-sensitive; C-IN2: β-catenin inhibitor β-catenin-IN2 
Received: January 1, 2021      Accepted: June 5, 2021  Published: July 28, 2021 

 
Copyright: © 2021 Lv et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 

 

ABSTRACT 
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was capable of promoting the activation of BCL9L/β-catenin signaling pathway through ITGB1, thereby 
contributing to the gastric cancer development. Subsequently, β-catenin signals further up-regulated the 
expression anti-apoptosis protein BCL2, leading to the chemo-resistance in gastric cancer cells. Blockade of β-
catenin signals efficiently improved the anticancer effects of chemotherapy, providing an innovative sight for 
clinical gastric cancer therapy. 

mailto:lvyalei@hebmu.edu.cn
mailto:zxy20210426@hebmu.edu.cn
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/


 

www.aging-us.com 19065 AGING 

collagen expression and tumor prognosis in patients. 

Additionally, the role of matrix components in tumor 

progression is currently unclear, and the underling 

mechanism of cancer development induced by extra-

cellular matrix has yet to be developed. 

 

Here, our study further explored the role of type I 

collagen in gastric cancer based on TCGA database and 

clinical gastric tumor tissues analysis. We provided 

evidence that type I collagen could mediated the  

gastric cancer progression and chemotherapy resistance 

through an ITGB1 dependent manner. Moreover, we 

further disclosed the underlying of collagen/ITGB1 

induced tumor progression, which was dependent on a 

BCL9L/β-catenin/BCL2 signaling pathway. Suppression 

of β-catenin signals efficiently improved the outcome of 

chemotherapy, which provided an innovative approach 

for gastric cancer treatment. 

 

RESULTS 
 

ITGB1 expression promoted tumor progression in 

gastric cancer 
 

To explore the underlying mechanism of sustained 

tumor progression in gastric cancer, we first analyzed 

the TCGA database to comparing the top expression 

genes between gastric tumor tissues and normal tissues 

(Figure 1A). Notably, extremely high expression of 

COL1A1, which encodes type I collagen, was found in 

gastric cancer. To further confirm the pro-tumor effects 

of COL1A1 on gastric tumor progression, we used 

TCGA database to analyze the COL1A1 expression in 

gastric cancer patients with different stages and the 

overall survival. As shown in Figure 1B, elevated 

expression of COL1A1 was observed in gastric tumor 

tissues in high stage (stage II, III and IV) compared 

with normal tissues or tumor tissues in stage I (Figure 

1B). However, no significant difference was found in 

overall survival of gastric cancer patients with high/low 

COL1A1 expression (Figure 1C), reminding us that 

COL1A1/type I collagen was not capable of regulating 

gastric tumor progression directly. Increasing evidence 

suggested that type I collagen could promote cancer 

stem cells proliferation and facilitate pro-survival 

signaling pathway activation through integrin receptors. 

Given the aberrant expression of COL1A1 in tumor 

tissues, we supposed that type I collagen might play a 

role through integrins signals in tumor development. 

ITGB1, belonging to the integrin family, has been 

demonstrated to bind to type I collagen and mediate the 

extracellular signals transduction [13, 14]. Intriguingly, 

using TCGA database analysis, elevated expression 

level of ITGB1 was found in gastric cancer tissues 

compared to normal tissues. Meanwhile, gastric cancer 

patients in high stage (stage II, III and IV) exhibited 

higher ITGB1 expression compared with patients in 

stage I (Figure 1D). More importantly, poor overall 

survival was observed in gastric cancer patients with 

high ITGB1 expression (Figure 1E). Subsequently, we 

further assessed the expression of type I collagen and 

ITGB1 in those chemo-resistant gastric tumor tissues. 

Consistently, no significant difference was observed in 

type I collagen expression between chemo-resistant 

(CR) and chemo-sensitive (CS) tumor tissues from 

gastric cancer patients (Figure 1F). As for ITGB1, 

elevated expression of ITGB1 was found in CR tumor 

tissues compared to CS group (Figure 1G). Together, 

those results suggested elevated expression of type I 

collagen and the positive correlation between ITGB1 

and gastric cancer development.  

 

Type I collagen mediated gastric cancer progression 

through ITGB1 

 

As ITGB1 correlated with the overall survival and 

tumor progression in gastric cancer patients, we thus 

questioned whether ITGB1 might regulate cells 

proliferation to promote gastric cancer development. To 

test this possibility, we sorted ITGB1 negative/positive 

gastric cancer cells (SGC-7901 and BGC-823) and 

examined the cells proliferation. However, no 

significant difference was observed in cell proliferation 

of ITGB1 positive/negative gastric cancer cells (Figure 

2A). Given abundant expression of type I collagen in 

tumor tissues, we next seeded those sorted gastric 

cancer cells into 3D collagen gel. Intriguingly, ITGB1 

positive SGC-7901 and BGC-823 cells revealed 

significantly enhanced capability of 3D colony 

formation (Figure 2B). More importantly, rapid colony 

growth was observed in ITGB1 positive cancer cells 

(Figure 2C), indicating that ITGB1 positive tumor cells 

possessed proliferative characteristics in the presence of 

collagen. Those results reminded us that type I collagen 

might mediate the tumor cells proliferation through the 

ITGB1 receptor. Meanwhile, the tumor progression 

induced by ITGB1 was dependent on the presence of 

type I collagen. To further confirm our hypothesis, we 

subcutaneously injected sorted ITGB+/- SGC-7901 

cells into NOD-SCID mice. The 3D collagen cultured 

ITGB1+ tumor cells revealed strengthened tumorigenic 

capability compared to ITGB1 negative cells or dish 

cultured cells (Figure 2D). Subsequently, we further 

examined the effects of ITGB1 and collagen on drugs 

resistance. 5-FU is a nucleobase analogue that inhibits 

DNA synthesis to slow gastric tumor growth. Here, we 

sorted ITGB1+ and ITGB1- gastric cancer cells, which 

were seeded into 3D collagen gels or not. After 6 days, 

5-FU was used to treat those tumor cells and the 
cytotoxicity of 5-FU was examined. Intriguingly, no 

significant drugs resistance was observed in ITGB1+ 

cells or collagen cultured ITGB1- tumor cells, whereas 
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ITGB1+ cells cultured in 3D collagen gels revealed 

obvious 5-FU resistance (Figure 2E). This result indicated 

that collagen could promote drugs resistance of gastric 

cancer through ITGB1. Together, those results implicated 

that collagen could mediate the tumor progression and 

drugs resistance through the ITGB1 in gastric cancer.  

 

Type I collagen mediated the BCL9L expression 

through ITGB1 

 

Next, we sought to investigate the underlying 

mechanism of ITGB1 associated gastric cancer 

progression and drugs resistance. BCL9 transcription 

coactivator has been reported to mediate pro-survival 

signaling pathways activation and correlated with 

lymphoma and leukemia development [15, 16]. Here, 

we further examined the expression of BCL9 in sorted 

ITGB+/- gastric cancer cells SGC-7901 and BGC-

823(cultured in 3D collagen gel or not). No significant 

difference of BCL9 expression was observed in 

collagen cultured ITGB1 positive cells. However, 

upregulation of BCL9L, the paralog of BCL9 [17], was 

found in collagen cultured ITGB1 positive cells (Figure 

3A). To further confirm the role of BCL9L in ITBG1 

induced tumor progression, we silenced BCL9L in 

SGC-7901 and BGC-823 cells. As a result, blockade  

of BCL9L suppressed the 3D colony formation  

(Figure 3B) and tumorigenic capability (Figure 3C) of 

ITGB1 positive cells in 3D collagen gels. The colony 

growth of ITGB1 positive cells in 3D collagen gels  

was suppressed by BCL9L silencing (Figure 3D). 

Meanwhile, overexpression of BLC9L efficiently

 

 
 

Figure 1. Integrin β1 promoted gastric cancer progression. (A) Top 25 overexpression genes in gastric tumor tissues comparing with 

normal tissues analyzed by TCGA database. (B) The relative expression of COL1A1 in normal tissues and gastric tumor tissues (stage I, II, III 
and IV) analyzed by TCGA database. (C) The overall survival of gastric cancer patients with low/high COL1A1 expression analyzed by TCGA 
database. (D) The relative expression of ITGB1 in normal tissues and gastric tumor tissues (stage I, II, III and IV) analyzed by TCGA database. 
(E) The overall survival of gastric cancer patients with low/high ITGB1 expression analyzed by TCGA database. (F) Relative expression of type I 
collagen in chemo-sensitive (CS) and chemo-resistant (CR) tumor tissues from gastric patients, which was examined by 
immunohistochemistry (n=15). The scale bar is 100 μm. (G) Relative expression of ITGB1 in chemo-sensitive (CS) and chemo-resistant (CR) 
tumor tissues from gastric patients, which was examined by immunohistochemistry (n=15). The scale bar is 100 μm. *Indicates P <0.05, n.s 
indicates no significant difference. 



 

www.aging-us.com 19067 AGING 

 
 

Figure 2. Collagen mediated gastric cancer progression through integrin β1. (A) The proliferation of unsorted or ITGB1-/+ SGC-
7901/BGC-823 cells in 72 hours. (B) The 3D colony formation capability of unsorted or ITGB1-/+ SGC-7901/BGC-823 cells in 3D collagen gel. 
(C) The colony sizes of unsorted or ITGB1-/+ SGC-7901/BGC-823 cells in 3D collagen gel. The scale bar is 30 μm. (D) The ITGB1-/+ SGC-7901 
cells were sorted and cultured in 3D collagen gel (6 days) or not. Then the tumorigenic capability of SGC-7901 in NOD-SCID mice were 
examined. (E) The ITGB1-/+ SGC-7901 cells were sorted and cultured 3D collagen gel (6 days) or not. Then tumor cells were treated with 5-FU 
(5 μg/ml) and the cell apoptosis was examined. *Indicates P <0.05, **Indicates P <0.01, n.s indicates no significant difference. 

 

 
 

Figure 3. BCL9L was up-regulated in 3D collagen cultured ITGB1+ gastric cancer. (A) The ITGB1-/+ SGC-7901 cells were sorted and 

cultured in 3D collagen gel (6 days) or not. The expression of BCL9, BCL9L and β-actin was examined by western blotting. (B) The ITGB1+ SGC-
7901 cells were sorted and cultured in 3D collagen gel (6 days). Then tumor cells were treated with BCL9L shRNA or vector and the 3D colony 
formation capability was examined. (C) The ITGB1+ SGC-7901 cells were sorted and cultured in 3D collagen gel (6 days). Then tumor cells 
were treated with BCL9L shRNA or vector and the tumorigenic capability was examined. (D) The colony sizes of tumor cells in (C). The scale 
bar is 30 μm. (E) The ITGB1+ SGC-7901 cells were sorted and cultured in 3D collagen gel (6 days). Then tumor cells were treated with BCL9L 
shRNA or vector. Then tumor cells were treated with 5-FU (5 μg/ml) and the cell apoptosis was examined. (F) Western blotting of BCL9L and 
β-actin in chemo-sensitive (CS) and chemo-resistant (CR) tissues from gastric patients. *Indicates P <0.05, ** Indicates P <0.01. 
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strengthened the colony formation capability of ITGB 

negative BGC-7901 and BGC-823 cells (Supplementary 

Figure 1A, 1B). Next, we further examined the 

association between BCL9L and drugs resistance in 

gastric cancer. Silencing BCL9L efficiently reversed the 

5-FU resistance in collagen cultured ITGB1 positive cells 

(Figure 3E). Consistently, elevated expression of BCL9L 

was observed in tumor tissues from CR patients (Figure 

3F). Together, those results suggested that BCL9L is in 

part relevant to the tumorigenic potential conferred by 

ITGB1. 

 

BCL9L induced activation of β-catenin/BCL2 signal 

pathway to regulate gastric cancer progression 

 

Since Wnt/β-catenin served as the downstream signal of 

BCL9 [18, 19], we supposed that ITGB1 might upregulate 

BCL9L to mediate the activation of pro-survival β-catenin 

signals in gastric cancer. Here, we found enhanced 

expression of β-catenin in collagen cultured ITGB1 

positive cells (Figure 4A). More importantly, suppression 

of BCL9L by sh RNA also suppressed the up-regulation 

of β-catenin in collagen cultured ITGB1 positive cells 

(Figure 4B), indicating that BCL9L mediated the 

activation of β-catenin signals in gastric cancer. Next, we 

used a β-catenin inhibitor β-catenin-IN2 (C-IN2) (Ann 

Marie Bode, et al. Inhibitors of beta-catenin in treatment 

of colorectal cancer. Patent US20150374662A1.) to 

treated collagen cultured ITGB1 positive cells. As a 

result, β-catenin inhibition obviously suppressed the 3D 

colony formation (Figure 4C) and tumorigenic rate 

(Figure 4D) of collagen cultured ITGB1 positive cells. 

The colony growth was inhibited by C-IN2 as well 

(Figure 4E). Subsequently, we examined the expression of 

anti-apoptotic protein BCL2, which have been reported to 

be up-regulated by β-catenin signals in tumor cells [20]. 

We found upregulation of BCL2 in collagen cultured 

ITGB1 positive cells, whereas suppression of β-catenin by 

C-IN2 suppressed BCL2 upregulation (Figure 4F). 

Subsequently, we suppressed β-catenin and BCL2 

expression in collagen cultured ITGB1 positive cells, and 

then examined the cytotoxicity of 5-FU to gastric cancer 

cells. Consistently, suppression of β-catenin and BCL2 

efficiently reversed the drugs resistance of collagen 

cultured ITGB1 positive cells (Figure 4G). And 

overexpression of BCL2 suppressed the effects of C-IN2 

and strengthened the drugs resistance of collagen cultured 

ITGB1 positive cells (Supplementary Figure 1C, 1D). To 

further confirm the role of β-catenin and BCL2 in gastric 

resistance development, we examined the expression of β-

catenin and BCL2 in tumor tissues from patients. 

Consistently, tumor tissues from CR gastric cancer 

patients revealed higher expression of BCL2 (Figure 4H) 
and β-catenin (Figure 4I). Those results suggested that 

BCL9L mediated activation of β-catenin/BCL2 signal 

pathway to regulate gastric cancer progression. 

Suppression of β-catenin signals improved outcome 

of chemotherapy in gastric cancer 
 

Our previous results have provided evidence that 

activation of β-catenin signals induced by 

collagen/ITGB1 could facilitate the chemotherapy 

resistance in gastric cancer. To improve the outcome of 

chemotherapeutic agents and suppress gastric cancer 

progression, it might be feasible to block β-catenin 

signals to improve the anticancer effects of chemo-

therapy. Here, we employed C-IN2 combing 

chemotherapeutic 5-FU to treat subcutaneous gastric 

tumor bearing mice model. Gastric tumor bearing mice 

models were constructed by subcutaneously injecting 

SGC-7901 cells into NOD-SCID mice. The tumor 

bearing mice were grouped randomly and received PBS, 

5-FU monotherapy or combining with C-IN2 on day 14. 

After treatment of 2 weeks, we found that 5-FU or C-

IN2 monotherapy could suppress the tumor growth 

slightly, whereas combination group revealed 

significant tumor suppressive effects (Figure 5A). 

Additionally, the mice in combination group exhibited 

obvious prolonged survival time compared to PBS or 

monotherapy groups (Figure 5B and Table 1), 

indicating that suppression of β-catenin signals 

strengthened the anticancer effects of chemotherapy. To 

further explore the anticancer effects of C-IN2 in 

ITGB1 positive gastric tumor tissues, we established 

subcutaneous gastric tumor bearing mice model by 

injecting 3D collagen cultured ITGB1 positive SGC-

7901 cells into NOD-SCID mice, then mice were 

treated mice with PBS, 5-FU monotherapy or 

combining with C-IN2. Intriguingly, 5-FU monotherapy 

could not suppress the tumor growth or prolonged 

survival time of tumor bearing mice, which might be 

due to the drugs resistance induced by ITGB1. 

However, 5-FU combing C-IN2 revealed obvious 

anticancer effects (Figure 5C, 5D and Table 2). These 

results reminded that blockade of β-catenin signals to 

combine with chemotherapy could efficiently reverse 

the drugs resistance induced by ITGB1 and improved 

the anticancer effects, providing an innovative approach 

for gastric cancer therapy. 

 

DISCUSSION 
 

The mechanism of extracellular matrix induced tumor 

progression is still poorly understood. In our study, we 

provided evidence that type I collagen served as 

fundamental component in extracellular matrix to 

facilitate the tumor progression through an ITGB1 

dependent manner. ITGB1 positive gastric cancer cells 

possessed strengthened capability of colony formation 

and proliferative characteristics in the presence of type I 

collagen. More importantly, we demonstrated that type I 

collagen could upregulate the expression of BCL9L 
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through ITGB1, eventually resulting in the activation β-

catenin signaling pathway. Subsequently, the intranuclear 

β-catenin further up-regulated anti-apoptosis protein 

BCL2, leading to the chemotherapy resistance (Figure 

5E). Here, we combined β-catenin inhibitor C-IN2 with 

chemotherapeutic agents to treat subcutaneous SGC-7901 

tumor bearing mice. C-IN2 treatment efficiently 

strengthened the anticancer effects of 5-FU and prolonged 

the survival time of tumor bearing mice, which described 

novel strategy for gastric cancer. 

 

Among the components with significant correlation to 

tumor progression, collagen family have been emerging 

as crucial participant in regulating tumor progression 

[21]. A bulk of collagen associated genes have 

previously been proved to be upregulated and 

participated in the process of tumor development, such 

as COL6A3 in pancreatic cancer [22]. Compelling 

findings have implicated that the presence of type I 

collagen and related signaling pathway are tightly 

associated with chemo-resistance and tumor metastasis 

[14, 23]. Increasing studies also suggested that the 3D 

collagen culture based on type I collagen could facilitate 

breast cancer cells stemness and invasion in vitro [24]. 

However, the correlation analysis based on TCGA 

database or clinical samples implicated that the

 

 
 

Figure 4. BCL9L mediated gastric progression through downstream β-catenin and BCL2. (A) ITGB1-/+ SGC-7901/BGC-823 cells were 
sorted and cultured with 3D collagen gel (6 days) or not. The expression of β-catenin and β-actin was examined by western blotting. (B) ITGB1+ 
SGC-7901/BGC-823 cells were cultured in 3D collagen gels (6 days) and treated with BCL9L shRNA or vector. Then the expression of β-catenin and 
β-actin was examined by western blotting. (C) ITGB1+ SGC-7901/BGC-823 cells were cultured in 3D collagen gels (6 days) and treated with PBS or 
C-IN2 (5 μM). Then the 3D colony formation capability was examined. (D) ITGB1+ SGC-7901/BGC-823 cells were cultured in 3D collagen gels (6 
days) and treated with PBS or C-IN2 (5 μM). Then the 3D colony formation capability was examined. Then the tumorigenic capability was 
examined in NOD-SCID mice. (E) ITGB1+ SGC-7901/BGC-823 cells were cultured in 3D collagen gels (6 days) and treated with PBS or C-IN2 (5 μM). 
Then the colony sizes were examined. The scale bar is 30 μm. (F) ITGB1-/+ SGC-7901/BGC-823 cells were cultured in 3D collagen gel (6 days) and 
treated with PBS or C-IN2 (5 μM). Then the expression of BCL2 and β-actin was examined by western blotting. (G) ITGB1+ SGC-7901/BGC-823 
cells were cultured in 3D collagen gel (6 days) and treated with PBS, C-IN2 (5 μM) or BCL2 shRNA. Then tumor cells were treated with 5-FU (5 
μg/ml) and the apoptosis was examined. (H) Immunohistochemical staining of β-catenin in chemo-sensitive (CS) and chemo-resistant (CR) tissues 
from gastric patients. The scale bar is 100 μm. (I) immunohistochemical staining of BCL2 in chemo-sensitive (CS) and chemo-resistant (CR) tissues 
from gastric patients. The scale bar is 100 μm. * Indicates P <0.05, ** Indicates P <0.01. 
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expression of type I collagen is prone to be not positive 

correlated to tumor progression in several tumor types. 

Here, we observed abundant type I collagen distribution 

in gastric cancer tissues in all tumor stages. No 

significant difference was observed in the overall 

survival between patients with high/low type I collagen 

expression. However, we found the presence of type I 

collagen could promote ITGB1 positive gastric cancer 

cells colony formation and growth, thereby resulting in 

the tumor progression. More importantly, the expression 

of ITGB1 revealed a high correlation with the overall 

survival of gastric cancer patients. Our results further 

disclosed the role of type I collagen in tumor 

progression, which is dependent on collagen binding 

integrin receptor ITGB1. Given the abundant expression 

of collagen in most tumor types, it might be befitting to 

focus on the expression of collagen binding integrin 

receptors for tumor diagnosis or prediction. 

 

Increasing evidence have suggested that collagen could 

mediate activation of specific pro-survival signaling 

pathways in diverse tumor cells. Type VI collagen was 

recently demonstrated to inhibit apoptosis through 

suppressing the expression of Bax [25]. Type I collagen 

could mediate the prostate cancer invasion through 

RhoC GTPase and integrin α2β1 signals [26]. 

Moreover, some pro-survival signals, such as FAK [27], 

AKT [28] and STAT3 [29, 30], are reported to be 

upregulated by integrins signals in cancer cells. Our 

study further demonstrated that type I collagen could 

mediate the activation of ITGB1/BCL9L/β-catenin 

signaling pathway, leading to the tumor progression and 

drugs resistance. Previous reports have implicated the 

role of BCL9 in tumor development [31, 32] and our 

study further disclosed the pro-tumor effects of BCL9 

paralog BCL9L, which could promote the β-catenin 

signals activation in gastric cancer. Given the crucial 

role of β-catenin in chemo-resistance development, we 

then suppressed the β-catenin signals by C-IN2 to 

improve outcome of chemotherapy. Notably, C-IN2 

treated groups revealed strengthened anticancer effects 

and efficiently reversed the drugs resistance induced by 

ITGB1 and collagen. More importantly, no significant 

weight loss or side effects were observed in C-IN2 

treated mice, suggesting the potential application of β-

catenin inhibitors in gastric cancer treatment. However, 

the further application of integrin inhibitors in gastric 

needed to be validated in larger cohort of gastric cancer 

patients. And the systemic toxicity evaluation of 

combination therapy remained to be further assessed. 

Meanwhile, knockdown of β-catenin by Crisp/Cas9  

or shRNA to explore the role of β-catenin in gastric 

cancer development might further demonstrated our 

hypothesis. Our study indicated the elevated expression

 

 
 

Figure 5. Blockade of β-catenin signals improved outcome of chemotherapy. (A) Tumor volume of SGC-7901 bearing mice treated 
with PBS, C-IN2, 5-FU and C-IN2 combined with 5-FU. (B) Overall survival of SGC-7901 bearing mice treated with PBS, C-IN2, 5-FU and C-IN2 
combined with 5-FU. (C) Tumor volume of ITGB1+ SGC-7901 bearing mice treated with PBS, C-IN2, 5-FU and C-IN2 combined with 5-FU. (D) 
Overall survival of ITGB1+ SGC-7901 bearing mice treated with PBS, C-IN2, 5-FU and C-IN2 combined with 5-FU. (E) Schematic diagram of 
ITGB1 induced tumor progression in gastric cancer. * indicates P <0.05, ** Indicates P <0.01, n.s indicates no significant difference. 
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Table 1. The median survival and maximum survival time of SGC-
7901 bearing mice treated with PBS, C-IN2, 5-FU and C-IN2 
combined with 5-FU. 

Group Median survival (days) Maximum survival (days) 

PBS 41 49 

c-IN2 45 55 

5-FU 50 62 

C+5FU 63 67 

The median survival and maximum survival time of SGC-7901 bearing mice 
treated with PBS, C-IN2, 5-FU and C-IN2 combined with 5-FU. 

 

Table 2. The median survival and maximum survival time of 
ITGB1+ SGC-7901 bearing mice treated with PBS, C-IN2, 5-FU and 
C-IN2 combined with 5-FU. 

Group Median survival (days) Maximum survival (days) 

PBS 38 48 

c-IN2 51 59 

5-FU 39 52 

C+5FU 57 64 

The median survival and maximum survival time of ITGB1+ SGC-7901 bearing 
mice treated with PBS, C-IN2, 5-FU and C-IN2 combined with 5-FU. 

 

of ITGB1 in gastric cancer and its’ association with 

collagen, which might be benefit from targeted 

therapies in further clinical trials.  

 

In conclusion, we showed that type I collagen could 

mediate the tumor progression and chemotherapy 

though an ITGB1 based manner, which was dependent 

on BCL9L/β-catenin/BCL2 signaling pathway. 

Blockade of β-catenin strengthened the anticancer of 

chemotherapy, describing an innovative approach for 

gastric cancer treatment. 

 

MATERIALS AND METHODS 
 

Cell lines and reagents 

 

Human gastric cancer cells SGC7901 and BGC-823 

were purchased from the American Type Culture 

Collection (Maryland, USA) and maintained in 1640 

complete medium (Gibco, CA, USA) supplemented 

with 10% fetal calf serum (Gibco, CA, USA) at 37° C 

in 5% CO2 atmosphere. β-catenin inhibitor β-catenin-

IN2 (C-IN2) was purchased from MedChemExpress 

(N.J, USA). 5-FU was purchased from Sangon 

(Shanghai, China). Type I collagen and collagenase 

were purchased from Thermo (MA, USA). Other 

reagents were purchased from Solarbio (Beijing, China) 

and of HPLC standard.  

Patients’ tumor tissues collection 

 

The tumor tissues of gastric cancer patients were 

obtained from the Fourth Hospital of Hebei Medical 

University. Samples were collected and sent to the 

laboratory within 2 hours. According to the response to 

chemotherapy in our follow-up study, the tumor tissues 

were divided into chemo-resistant (CR) and chemo-

sensitive (CS) groups. All tumor samples were in stage 

T2~T3 and the follow-op study was performed after 

surgical operation. All samples collection and 

processing were carried out respecting the Declaration 

of Helsinki. All patients signed informed consent prior 

to tumor tissues collection treatment, including allowing 

their data to be used for further research. All subjects 

gave written informed consent. Ethical approval was 

obtained from the Committee of the Fourth Hospital of 

Hebei Medical University. 

 

3D collagen gel culture 

 

3D collagen gel culture was performed according 

previous report [33]. Briefly, type I collagen was 

diluted to 0.6 mg/ml with culture medium. 5 × 104 

sorted tumor cells were added into the collagen 
solution and mixed thoroughly. Next, 25 μl 10 × PBS 

and 20 μl NaOH (1 M) solution were added into the 

solution, and 295 μl of the mixture was seeded into 
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24-well plate. After 2 hours of 37° C incubation, the 

solid clotty collagen (containing tumor cells) was 

removed into RPMI 1640 complete medium 

supplemented with 10% fetal calf serum for cells 

culture. After 4~6 days, the cells were digested by 

type I collagenase and trypsin for further analysis. 

 

Cell proliferation and 3D colony formation analysis 

 

The cell proliferation of SGC-7901 and BGC-823 was 

performed using a MTT analysis kit (Solarbio, Beijing, 

China). Briefly, 3000 sorted tumor cells were seeded 

into the 96-well plates with 200 μl 1640 complete 

medium supplemented with 10% fetal calf serum. After 

24, 48 and 72 hours, 5 μl MMT solution was added into 

the 96-well plated. After 2 hours of incubation, the 

culture medium was removed and 100 μl DMSO was 

added into the 96-wells. Absorbance was measured at 

570 nm on a microplate reader (Bio-Rad, MA, USA). 

For the 3D colony formation assay, sorted tumor cells 

(~200 cells/well) were seeded in the 3D collagen gel. 

After 4 days, the cell colonies were imaged and 

counted. The colony sizes were calculated by image J 

2.3 software. 50 colonies were pictured and the sizes 

were calculated in each group. Each experiment was 

performed three times, independently.  

 

Gene interference 

 

All constructs for functional analyses were designed 

according to the lentiviral plasmid pHR-SIN-CSGW-

ΔNot, which was generated by partial NotI-digest  

and subsequent fill-in reaction of one of the 2 NotI 

sites originally present in the primary lentiviral 

plasmid pHR-SIN-CSGW10 (Hanbio, Beijing, China). 

Complementary shRNA oligonucleotides directed 

against either BCL9L or BCL2 were synthesized by 

Hanbio (Beijing, China). Each experiment was 

performed three times, independently.  

 

Cells apoptosis analysis 

 

Cells apoptosis was analyzed using the FITC-Annexin 

V and PE-PI apoptosis detection kit (BD, NJ, USA). 

Briefly, tumor cells were collected and stained with 

FITC-Annexin V and PE-PI viability staining solution 

for 15 min. Subsequently, apoptosis was detected  

by flow cytometry on flow cytometer (Accuri®C6, 

Becton Dickinson, NJ, USA). Each experiment was 

performed three times, independently.  

 

Flow cytometry 

 
SGC-7901 and BGC-823 cells were were harvested, 

washed twice with cold PBS buffer and stained with a 

ITGB1 antibody (eBioscience, MA, USA) for 30 

minutes at room temperature. The samples were then 

washed and sorted with flow cytometer  

(Accuri®C6, Becton Dickinson, NJ, USA).  

Each experiment was performed three times, 

independently. 

 

Immunohistochemical staining 

 

Gastric tissues dissected from patients were fixed in 4% 

paraformaldehyde for 48 hours and sectioned at a 

thickness of 4 μm. The sections were then 

deparaffinized and rehydrated in alcohol and water. 

Antigen retrieval was performed in sodium citrate 

buffer for five minutes at 100° C. Hydrogen peroxide 

(0.3%) was used to block peroxidase. Then, the sections 

were incubated with anti-collagen (1:200, Abcam, 

Cambridge, UK), anti-ITGB1 (1:200, Abcam, 

Cambridge, UK), anti-BCL2 (1:200, Abcam, 

Cambridge, UK) or anti-β-catenin (1:200, Abcam, 

Cambridge, UK) primary antibodies at 4° C overnight. 

After being washed with PBS, the samples were 

incubated with goat anti-rabbit secondary antibodies 

(HRP, 1:1000, Abcam, Cambridge, UK). Images were 

obtained using microscope (DM4 M, Leica, Germany) 

and the relative intensity of proteins was calculated by 

Image-Pro Plus 6.0 software. 15 tumor samples were 

calculated in each group (CS and CR groups). 20 fields 

were pictured for protein intensity analysis in each 

sample and at least 100 tumor cells were pictured in 

each field. Using the 30 samples, each experiment was 

performed at least three times, independently. 

 

Western blotting 

 

Radioimmunoprecipitation assay buffer (Beyotime, 

Beijing, China) containing protease inhibitors 

(Beyotime, Beijing, China) was used to lyse the treated 

cells. 20 μg protein samples were separated via sodium 

dodecyl sulfate polyacrylamide gel electrophoresis and 

transferred onto nitrocellulose membranes. The 

following primary antibodies were used: anti-BCL9L 

(1:500, Abcam, Cambridge, UK), anti-BCL9 (1:500, 

Abcam, Cambridge, UK), anti-β-actin (1:1000, Abcam, 

Cambridge, UK) and anti-β-catenin (1:5000, Abcam, 

Cambridge, UK). Proteins were detected using a 

chemiluminescence kit (Beyotime, Beijing, China). The 

expression of β-actin was used as an internal control. 

Each experiment was performed three times, 

independently.  

 

Animal protocols 

 

Female NOD-SCID mice (6–8 weeks old) were purchased 

from Huafukang (Beijing, China). All mice were housed 

in a specific pathogen-free facility. All animal protocols in 

our experiments were approved by the Institutional 
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Animal Care and Use Committee of the Fourth Hospital 

of Hebei Medical University, Protocol ID: 

EMC20121128c. All applicable institutional and 

governmental regulations concerning the ethical use of 

animals were followed. For tumorigenic analysis, 105 

SGC-7901 cells were digested and resuspended in PBS 

and subcutaneously injected into the NOD-SCID mice. 

After 25 days, the tumorigenic rate of SGC-7901 cells in 

NOD-SCID mice was analyzed. 10 mice were calculated 

in each group.  

 

For tumor suppression analysis, 106 SGC-7901 or 

ITGB1+ SGC-7901 cells were digested and re-

suspended in PBS and subcutaneously injected into the 

NOD-SCID mice. On days 14, mice were treated with 

PBS, C-IN2 (5 mg/kg, 200 μl per mouse), 5-FU (10 

mg/kg, 200 μl per mouse) and C-IN2 (5 mg/kg, 200 μl 

per mouse) combined with 5-FU (5 mg/kg, 200 μl per 

mouse) by tail vein injection twice a week. In 

combination group, 5-FU was injected into tumor 

bearing mice after 24 hours of C-IN2 treatment. The 

tumor volume was calculated as follows: length × 

width2 × 0.5. Survival was recorded on a daily basis. All 

animal experiments were monitored by the Fourth 

Hospital of Hebei Medical University. 6 mice were 

calculated in tumor volume and survival analysis in 

each group. Each experiment was performed three 

times, independently.  

 

Statistical analysis 

 

Each experiment was performed at least three times, 

independently. Results were presented as the mean ± 

SEM. All statistical significance between groups was 

calculated by Student’s t test for two groups (Figures 

1F, 1G, 4C–4E), and all statistical significance 

between groups was calculated by one-way ANOVA 

for more than two groups. The survival rates were 

determined by Kaplan–Meier survival analysis (*p < 

0.05; **p < 0.01; ***p < 0.001; ns, no significant 

difference). 

 

AUTHOR CONTRIBUTIONS 
 

Yalei Lv: design of this work and drafting the article; 

Yujie Shan: data collection and analysis; Lina Song: 

data collection; Yufei Zhao: Data collection; Ruixue 

Lai: data collection; Junyan Su: data analysis; 

Xiaoyun Zhang: design of this work and revise the 

manuscript. 

 

ACKNOWLEDGMENTS 
 

The Fourth Hospital of Hebei Medical University 

provided the experimental support for the study. 

CONFLICTS OF INTEREST 
 

The authors declare that they have no conflicts of 

interest. 

 

REFERENCES 
 
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. 

CA Cancer J Clin. 2019; 69:7–34. 
 https://doi.org/10.3322/caac.21551 PMID:30620402 

2. Van Cutsem E, Sagaert X, Topal B, Haustermans K, 
Prenen H. Gastric cancer. Lancet. 2016; 388:2654–64. 

 https://doi.org/10.1016/S0140-6736(16)30354-3 
PMID:27156933 

3. Orditura M, Galizia G, Sforza V, Gambardella V, 
Fabozzi A, Laterza MM, Andreozzi F, Ventriglia J, 
Savastano B, Mabilia A, Lieto E, Ciardiello F, De Vita F. 
Treatment of gastric cancer. World J Gastroenterol. 
2014; 20:1635–49. 

 https://doi.org/10.3748/wjg.v20.i7.1635 
PMID:24587643 

4. Holle AW, Young JL, Spatz JP. In vitro cancer cell-ECM 
interactions inform in vivo cancer treatment. Adv Drug 
Deliv Rev. 2016; 97:270–79. 

 https://doi.org/10.1016/j.addr.2015.10.007 
PMID:26485156 

5. Venning FA, Wullkopf L, Erler JT. Targeting ECM 
Disrupts Cancer Progression. Front Oncol. 2015; 5:224. 

 https://doi.org/10.3389/fonc.2015.00224 
PMID:26539408 

6. Seewaldt V. ECM stiffness paves the way for tumor 
cells. Nat Med. 2014; 20:332–33. 

 https://doi.org/10.1038/nm.3523 PMID:24710372 

7. Aoudjit F, Vuori K. Integrin signaling in cancer cell 
survival and chemoresistance. Chemother Res Pract. 
2012; 2012:283181. 

 https://doi.org/10.1155/2012/283181 PMID:22567280 

8. Kim SH, Turnbull J, Guimond S. Extracellular matrix and 
cell signalling: the dynamic cooperation of integrin, 
proteoglycan and growth factor receptor. J Endocrinol. 
2011; 209:139–51. 

 https://doi.org/10.1530/JOE-10-0377  
PMID:21307119 

9. Zhuang Y, Wang X, Nguyen HT, Zhuo Y, Cui X, Fewell C, 
Flemington EK, Shan B. Induction of long intergenic 
non-coding RNA HOTAIR in lung cancer cells by type I 
collagen. J Hematol Oncol. 2013; 6:35. 

 https://doi.org/10.1186/1756-8722-6-35 
PMID:23668363 

10. Ramovs V, Te Molder L, Sonnenberg A. The opposing 
roles of laminin-binding integrins in cancer. Matrix Biol. 
2017; 57:213–43. 

https://doi.org/10.3322/caac.21551
https://pubmed.ncbi.nlm.nih.gov/30620402
https://doi.org/10.1016/S0140-6736(16)30354-3
https://pubmed.ncbi.nlm.nih.gov/27156933
https://doi.org/10.3748/wjg.v20.i7.1635
https://pubmed.ncbi.nlm.nih.gov/24587643
https://doi.org/10.1016/j.addr.2015.10.007
https://pubmed.ncbi.nlm.nih.gov/26485156
https://doi.org/10.3389/fonc.2015.00224
https://pubmed.ncbi.nlm.nih.gov/26539408
https://doi.org/10.1038/nm.3523
https://pubmed.ncbi.nlm.nih.gov/24710372
https://doi.org/10.1155/2012/283181
https://pubmed.ncbi.nlm.nih.gov/22567280
https://doi.org/10.1530/JOE-10-0377
https://pubmed.ncbi.nlm.nih.gov/21307119
https://doi.org/10.1186/1756-8722-6-35
https://pubmed.ncbi.nlm.nih.gov/23668363


 

www.aging-us.com 19074 AGING 

 https://doi.org/10.1016/j.matbio.2016.08.007 
PMID:27562932 

11. Riching KM, Cox BL, Salick MR, Pehlke C, Riching AS, 
Ponik SM, Bass BR, Crone WC, Jiang Y, Weaver AM, 
Eliceiri KW, Keely PJ. 3D collagen alignment limits 
protrusions to enhance breast cancer cell persistence. 
Biophys J. 2014; 107:2546–58. 

 https://doi.org/10.1016/j.bpj.2014.10.035 
PMID:25468334 

12. Chen L, Xiao Z, Meng Y, Zhao Y, Han J, Su G, Chen B, Dai 
J. The enhancement of cancer stem cell properties of 
MCF-7 cells in 3D collagen scaffolds for modeling of 
cancer and anti-cancer drugs. Biomaterials. 2012; 
33:1437–44. 

 https://doi.org/10.1016/j.biomaterials.2011.10.056 
PMID:22078807 

13. Kanda R, Kawahara A, Watari K, Murakami Y, Sonoda K, 
Maeda M, Fujita H, Kage M, Uramoto H, Costa C, 
Kuwano M, Ono M. Erlotinib resistance in lung cancer 
cells mediated by integrin β1/Src/Akt-driven bypass 
signaling. Cancer Res. 2013; 73:6243–53. 

 https://doi.org/10.1158/0008-5472.CAN-12-4502 
PMID:23872583 

14. Shen Y, Shen R, Ge L, Zhu Q, Li F. Fibrillar type I 
collagen matrices enhance metastasis/invasion of 
ovarian epithelial cancer via β1 integrin and PTEN 
signals. Int J Gynecol Cancer. 2012; 22:1316–24. 

 https://doi.org/10.1097/IGC.0b013e318263ef34 
PMID:23013730 

15. Suzuki K, Okuno Y, Kawashima N, Muramatsu H, Okuno 
T, Wang X, Kataoka S, Sekiya Y, Hamada M, Murakami 
N, Kojima D, Narita K, Narita A, et al. MEF2D-BCL9 
Fusion Gene Is Associated With High-Risk Acute B-Cell 
Precursor Lymphoblastic Leukemia in Adolescents. J 
Clin Oncol. 2016; 34:3451–59. 

 https://doi.org/10.1200/JCO.2016.66.5547 
PMID:27507882 

16. Kawamoto SA, Coleska A, Ran X, Yi H, Yang CY, Wang S. 
Design of triazole-stapled BCL9 α-helical peptides to 
target the β-catenin/B-cell CLL/lymphoma 9 (BCL9) 
protein-protein interaction. J Med Chem. 2012; 
55:1137–46. 

 https://doi.org/10.1021/jm201125d  
PMID:22196480 

17. Deka J, Wiedemann N, Anderle P, Murphy-Seiler F, 
Bultinck J, Eyckerman S, Stehle JC, André S, Vilain N, 
Zilian O, Robine S, Delorenzi M, Basler K, Aguet M. 
Bcl9/Bcl9l are critical for Wnt-mediated regulation of 
stem cell traits in colon epithelium and 
adenocarcinomas. Cancer Res. 2010; 70:6619–28. 

 https://doi.org/10.1158/0008-5472.CAN-10-0148 
PMID:20682801 

18. van Tienen LM, Mieszczanek J, Fiedler M, Rutherford 
TJ, Bienz M. Constitutive scaffolding of multiple Wnt 
enhanceosome components by Legless/BCL9. Elife. 
2017; 6:e20882. 

 https://doi.org/10.7554/eLife.20882  
PMID:28296634 

19. Takada K, Zhu D, Bird GH, Sukhdeo K, Zhao JJ, Mani M, 
Lemieux M, Carrasco DE, Ryan J, Horst D, Fulciniti M, 
Munshi NC, Xu W, et al. Targeted disruption of the 
BCL9/β-catenin complex inhibits oncogenic Wnt 
signaling. Sci Transl Med. 2012; 4:148ra117. 

 https://doi.org/10.1126/scitranslmed.3003808 
PMID:22914623 

20. Xu G, Kuang G, Jiang W, Jiang R, Jiang D. Polydatin 
promotes apoptosis through upregulation the ratio of 
Bax/Bcl-2 and inhibits proliferation by attenuating the 
β-catenin signaling in human osteosarcoma cells. Am J 
Transl Res. 2016; 8:922–31. 

 PMID:27158379 

21. Xu S, Xu H, Wang W, Li S, Li H, Li T, Zhang W, Yu X, Liu L. 
The role of collagen in cancer: from bench to bedside. J 
Transl Med. 2019; 17:309. 

 https://doi.org/10.1186/s12967-019-2058-1 
PMID:31521169 

22. Arafat H, Lazar M, Salem K, Chipitsyna G, Gong Q, Pan 
TC, Zhang RZ, Yeo CJ, Chu ML. Tumor-specific 
expression and alternative splicing of the COL6A3 gene 
in pancreatic cancer. Surgery. 2011; 150:306–15. 

 https://doi.org/10.1016/j.surg.2011.05.011 
PMID:21719059 

23. Dangi-Garimella S, Krantz SB, Barron MR, Shields MA, 
Heiferman MJ, Grippo PJ, Bentrem DJ, Munshi HG. 
Three-dimensional collagen I promotes gemcitabine 
resistance in pancreatic cancer through MT1-MMP-
mediated expression of HMGA2. Cancer Res. 2011; 
71:1019–28. 

 https://doi.org/10.1158/0008-5472.CAN-10-1855 
PMID:21148071 

24. Sapudom J, Kalbitzer L, Wu X, Martin S, Kroy K, Pompe 
T. Fibril bending stiffness of 3D collagen matrices 
instructs spreading and clustering of invasive and non-
invasive breast cancer cells. Biomaterials. 2019; 
193:47–57. 

 https://doi.org/10.1016/j.biomaterials.2018.12.010 
PMID:30554026 

25. Izu Y, Ezura Y, Mizoguchi F, Kawamata A, Nakamoto T, 
Nakashima K, Hayata T, Hemmi H, Bonaldo P, Noda M. 
Type VI collagen deficiency induces osteopenia with 
distortion of osteoblastic cell morphology. Tissue Cell. 
2012; 44:1–6. 

 https://doi.org/10.1016/j.tice.2011.08.002 
PMID:22071216 

https://doi.org/10.1016/j.matbio.2016.08.007
https://pubmed.ncbi.nlm.nih.gov/27562932
https://doi.org/10.1016/j.bpj.2014.10.035
https://pubmed.ncbi.nlm.nih.gov/25468334
https://doi.org/10.1016/j.biomaterials.2011.10.056
https://pubmed.ncbi.nlm.nih.gov/22078807
https://doi.org/10.1158/0008-5472.CAN-12-4502
https://pubmed.ncbi.nlm.nih.gov/23872583
https://doi.org/10.1097/IGC.0b013e318263ef34
https://pubmed.ncbi.nlm.nih.gov/23013730
https://doi.org/10.1200/JCO.2016.66.5547
https://pubmed.ncbi.nlm.nih.gov/27507882
https://doi.org/10.1021/jm201125d
https://pubmed.ncbi.nlm.nih.gov/22196480
https://doi.org/10.1158/0008-5472.CAN-10-0148
https://pubmed.ncbi.nlm.nih.gov/20682801
https://doi.org/10.7554/eLife.20882
https://pubmed.ncbi.nlm.nih.gov/28296634
https://doi.org/10.1126/scitranslmed.3003808
https://pubmed.ncbi.nlm.nih.gov/22914623
https://pubmed.ncbi.nlm.nih.gov/27158379
https://doi.org/10.1186/s12967-019-2058-1
https://pubmed.ncbi.nlm.nih.gov/31521169
https://doi.org/10.1016/j.surg.2011.05.011
https://pubmed.ncbi.nlm.nih.gov/21719059
https://doi.org/10.1158/0008-5472.CAN-10-1855
https://pubmed.ncbi.nlm.nih.gov/21148071
https://doi.org/10.1016/j.biomaterials.2018.12.010
https://pubmed.ncbi.nlm.nih.gov/30554026
https://doi.org/10.1016/j.tice.2011.08.002
https://pubmed.ncbi.nlm.nih.gov/22071216


 

www.aging-us.com 19075 AGING 

26. Sottnik JL, Daignault-Newton S, Zhang X, Morrissey C, 
Hussain MH, Keller ET, Hall CL. Integrin alpha2beta 1 
(α2β1) promotes prostate cancer skeletal metastasis. 
Clin Exp Metastasis. 2013; 30:569–78. 

 https://doi.org/10.1007/s10585-012-9561-6 
PMID:23242739 

27. Eke I, Deuse Y, Hehlgans S, Gurtner K, Krause M, 
Baumann M, Shevchenko A, Sandfort V, Cordes N. 
β₁Integrin/FAK/cortactin signaling is essential for 
human head and neck cancer resistance to 
radiotherapy. J Clin Invest. 2012; 122:1529–40. 

 https://doi.org/10.1172/JCI61350 PMID:22378044 

28. Virtakoivu R, Pellinen T, Rantala JK, Perälä M, Ivaska J. 
Distinct roles of AKT isoforms in regulating β1-integrin 
activity, migration, and invasion in prostate cancer. 
Mol Biol Cell. 2012; 23:3357–69. 

 https://doi.org/10.1091/mbc.E12-03-0213 
PMID:22809628 

29. Yan Q, Jiang L, Liu M, Yu D, Zhang Y, Li Y, Fang S, Li Y, 
Zhu YH, Yuan YF, Guan XY. ANGPTL1 Interacts with 
Integrin α1β1 to Suppress HCC Angiogenesis and 
Metastasis by Inhibiting JAK2/STAT3 Signaling. Cancer 
Res. 2017; 77:5831–45. 

 https://doi.org/10.1158/0008-5472.CAN-17-0579 
PMID:28904065 

30. Kesanakurti D, Chetty C, Dinh DH, Gujrati M, Rao JS. 
Role of MMP-2 in the regulation of IL-6/Stat3 survival 

signaling via interaction with α5β1 integrin in glioma. 
Oncogene. 2013; 32:327–40. 

 https://doi.org/10.1038/onc.2012.52  
PMID:22349830 

31. Gay DM, Ridgway RA, Müller M, Hodder MC, Hedley A, 
Clark W, Leach JD, Jackstadt R, Nixon C, Huels DJ, 
Campbell AD, Bird TG, Sansom OJ. Loss of BCL9/9l 
suppresses Wnt driven tumourigenesis in models that 
recapitulate human cancer. Nat Commun. 2019; 
10:723. 

 https://doi.org/10.1038/s41467-019-08586-3 
PMID:30760720 

32. Ling XH, Chen ZY, Luo HW, Liu ZZ, Liang YK, Chen GX, 
Jiang FN, Zhong WD. BCL9, a coactivator for Wnt/β-
catenin transcription, is targeted by miR-30c and is 
associated with prostate cancer progression. Oncol 
Lett. 2016; 11:2001–08. 

 https://doi.org/10.3892/ol.2016.4161  
PMID:26998113 

33. Qiu Y, Qiu S, Deng L, Nie L, Gong L, Liao X, Zheng X, Jin 
K, Li J, Tu X, Liu L, Liu Z, Bao Y, et al. Biomaterial 3D 
collagen I gel culture model: A novel approach to 
investigate tumorigenesis and dormancy of bladder 
cancer cells induced by tumor microenvironment. 
Biomaterials. 2020; 256:120217. 

 https://doi.org/10.1016/j.biomaterials.2020.120217 
PMID:32736172 

 

  

https://doi.org/10.1007/s10585-012-9561-6
https://pubmed.ncbi.nlm.nih.gov/23242739
https://doi.org/10.1172/JCI61350
https://pubmed.ncbi.nlm.nih.gov/22378044
https://doi.org/10.1091/mbc.E12-03-0213
https://pubmed.ncbi.nlm.nih.gov/22809628
https://doi.org/10.1158/0008-5472.CAN-17-0579
https://pubmed.ncbi.nlm.nih.gov/28904065
https://doi.org/10.1038/onc.2012.52
https://pubmed.ncbi.nlm.nih.gov/22349830
https://doi.org/10.1038/s41467-019-08586-3
https://pubmed.ncbi.nlm.nih.gov/30760720
https://doi.org/10.3892/ol.2016.4161
https://pubmed.ncbi.nlm.nih.gov/26998113
https://doi.org/10.1016/j.biomaterials.2020.120217
https://pubmed.ncbi.nlm.nih.gov/32736172


 

www.aging-us.com 19076 AGING 

SUPPLEMENTARY MATERIALS 

 

Supplementary Figure 

 

 

 

 

 

Supplementary Figure 1. (A) Western blotting of BCL9L in SGC-7901/BGC-823 (Vector) and BCL9L overexpression SGC-7901/BGC-823 cells 

(OE). (B) ITGB1- SGC-7901/BGC-823 (Vector) and BCL9L overexpression SGC-7901/BGC-823 cells (OE) were sorted and seeded in 3D collagen 
gels. The colony formation rates were calculated on day3. (C) Western blotting of BCL2 in SGC-7901/BGC-823 (Vector) and BCL2 
overexpression SGC-7901/BGC-823 cells (OE). (D) The ITGB1+ SGC-7901/BGC-823 (Vector) and BCL2 overexpression SGC-7901/BGC-823 cells 
(OE) cells were sorted and cultured in 3D collagen gel (6 days). Then tumor cells were treated with 5-FU (5 μg/ml) combing C-IN2 (5 μM) and 
the cell apoptosis was examined. * Indicates P <0.05, ** indicates P <0.01. 


