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Abstract: 

Background: structural maintenance of chromosomes protein 1A (SMC1A) is a crucial subunit of the cohesion 

protein complex and plays a vital role in cell cycle regulation, genomic stability maintenance, chromosome 

dynamics. Recent studies demonstrated that SMC1A participate in tumorigenesis. This reseach aims to explore 

the role and the underlying mechanisms of SMC1A in gastric cancer (GC).  

Materials and methods: RT-qPCR and western blot were used to examine the expression levels of SMC1A in 

GC tissues and cell lines. The role of SMC1A on GC cell proliferation, migration, invasion and 

epithelial-mesenchymal transition (EMT)were analyzed. Furthermore,the mechanism of SMC1A action was 

investigated.   

Results: SMC1A was highly expressed in GC tissues and cell lines. The high expression of SMC1A indicated 

the poor overall survival of GC patients from Kaplan-Meier Plotter. Enhancing the expression of SMC1A in 

AGS remarkably promoted cell proliferation, migration and invasion. While knockdown of SMC1A in HCG27 

inhibited cell proliferation, migration and invasion of HGC27 cells. Moreover, it’s observed that SMC1A 

promoted EMT and malignant cell behaviors via regulating SNAI2 

Conclusion: our study revealed SMC1A facilitates gastric cancer cell proliferation, migration and invasion 

via promoting SNAI2 activated EMT, which indicated SMC1A may be a potential target for gastric cancer 

therapy. 
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Introduction 

Gastric cancer (GC) as one of the most prevalent digestive tract malignancies, seriously damages human 

health(Liu et al., 2020). Although the incidence has declined in recent years, the mortality rate remains high. The 

interaction of internal genetic heterogeneity and various external risk factors leads to the occurrence and 

development of gastric cancer(Karimi et al., 2014). Due to the low detection rate of early screening, and prone to 

invasion and metastasis of gastric cancer, numerous patients had developed to the middle or late stage when they 

were diagnosed, and the five-year survival was extremely low(Giordano, 2014). The etiology of gastric cancer is 

a complicated procedure of multi-gene participation(Liu et al., 2020). Therefore, it’s urgent need to explore an 

in-depth insight into the underlying mechanisms of GC initiation and development. 

Structural maintenance of chromosomes protein 1A (SMC1A), a crucial subunit of the cohesion protein 

complex, which is complex essential for sister chromatid cohesion in chromosome dynamics(Xiu et al., 2020). 

SMC1A plays a vital role in cell cycle regulation(Luo et al., 2013), genomic stability 

maintenance(Diaz-Martinez et al., 2010), chromosome dynamics(Luo et al., 2013, Yan and McKee, 2013, Huber 

et al., 2016). Recently, numerous studies have reported that SMC1A involves in tumorigenesis(Yi et al., 2017). 

Such as In prostatic carcinoma, SMC1A was highly expression, and knockdown of SMC1A could not only 

limited cell proliferation, growth, migration, and cancer stem-like cell properties, but also enhanced efficacy of 

radiation therapy (Pan et al., 2016, Yadav et al., 2019). Zhang et al (Zhang et al., 2018) reported that 

phosphorylated SMC1A facilitated hepatocellur carcinoma cell proliferation and migration, meanwhile, the 

highly expressed of phosphorylated SMC1A was dramatically correlated with worse prognostic outcomes. In 

colorectal cancers, SMC1A was present as extra-copies, mutations and overexpression, and it contributes to 

cancer development and metastasis (Sarogni et al., 2019, Zhou et al., 2017). Furthermore, the overexpression of 

SMC1A indicated as an indepents poor prognostic predictor in late stage of  colorectal cancers (Wang et al., 

2015). Nevertheless, it was reported that low expression of SMC1A predicts poor survival in acute myeloid 

leukemia patient(Homme et al., 2010). In gastric cancer, little is known regarding the possible function of 

SMC1A. 

In this research, we analyzed the expession of SMC1A in GC tissues and cell lines, and assessed the 

correlation between the level of SMC1A and the prognostic survival of GC patients. Furthermore, we evaluated 

the role and potential mechanism role of SMC1A on gastric cancer cell biology behaviors. Our study sheded 

light that SMC1A promotes gastric cancer cells proliferation, migration and invasion via promoting SNAI2 
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activated EMT, this finding may provides a possible therapeutic target for GC. 

 

 

Results 

SMC1A was overexpressed in human gastric cancer 

To investigate the characteristics in gastric cancer, we analysed SMC1A in the cancer genome atlas (TCGA) 

stomach adenocarcinoma database. As shown in Figure 1A, the level of SMC1A was evidently increased in the 

tumor tissues compared with paracancerous tissues (Nomal). In the fresh 20 gastric cancer tissues and the 

corresponding adjacent tissues, SMC1A expression in cancer tissues was higher than that in corresponding 

adjacent tissues (Figure 1B). Moreover, the high expression of SMC1A indicated the poor overall survival of 

GC patients from Kaplan-Meier Plotter (http://kmplot.com/analysis/) (Figure 1C). We also examined the 

expression of SMC1A mRNA and protein in t human gastric cancer cell lines (AGS, HGC27 and NCI-N87) and 

the human gastric epithelial cell line GES-1. As shown in Figure 1D and 1E, SMC1A was highly expression in 

GC cell compared wih GES-1.  

SMC1A promoted gastric cancer cell proliferation, invasion and migration  

As HGC27 cells had considerably high endogenous SMC1A expression, while AGS cells had low relatively 

expression, so AGS cells were selected for gain-of-function model by transfecting with SMC1A overexpression 

plasmid and HGC27 cells was served as loss-of-function model by transfecting SMC1A siRNA. The result of 

SMC1A knockdown and overexpression was verifitied by western blot method (Figure 2A). CCK-8 assay 

displayed that the proliferation of HGC27 cells significantly descended after SMC1A depletion, while SMC1A 

over-expression promoted proliferation of AGS cells (Figure 2B). Colony formation assay confirmed that 

SMC1A positively regulated colony formation ability in HGC27 and AGS cells (Figure 2C). Transwell invasion 

showed that SMC1A depletion decreased the invasion in HGC27 cells, while SMC1A over-expression increased 

AGS cells invasion (Figure 2D). Wound healing assay demonstrated that SMC1A over-expression promoted 

AGS cells migration. while SMC1A knockdown inhibited HGC27 cell migration. (Figure 2E). It’s suggested that 

SMC1A may promoted GC cell proliferation, migration and invasion.  

 

SMC1A promoted EMT via upregulating SNAI2 

Epithelial-mesenchymal transition (EMT) is a process which epithelial cells tansform inton a mesenchymal 

phenotype, concomitantly reduce the expression of E-cadherin regulated by one or several factors such as; 
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SNAIL, SLUG, ZEBs and TWIST (Hardin et al., 2018). Notably, through Chip assay, Noutsou et al (Noutsou et 

al., 2017) have demonstrated that SMC1A promotes progenitor function by maintaining open chromatin to 

upregulate the expression of self-renewal gene SNAI2. Thus, we speculated that SMCIA may be involved in 

EMT process via regulation SNAI2. As showing in Figure 3A, SMC1A knockdown obviously decreased 

SNAI2 expression, while SMC1A overexpression elevated SNAI2 levle. The detectation of EMT related 

marker showed that the expression of mesenchymal markers N-cadherin and Vimentin was reduced and 

epithelial marker E-cadherin was increased in SMC1A depletion cells. Converse results were observed in 

the SMC1A overexpression cells (Figure 3B). Besides, the similar results were seen by 

immunofluorescence assay (Figure 3C and 3D). Furthermore, restoring SNAIL2 expression in SMC1A 

silenced cells could significant mitigated the expression change of EMT related markers (Figure 3E and 3F). 

These results implied that SMC1A facilitated EMT via upregulating SNAI2 

 

SMC1A promoted GC cell proliferation, invasion and migration via SNAI2 

Numerous literature have been reported that EMT may promotes cell growth, migration and metastatic in GC 

(Bure et al., 2019, Landeros et al., 2020, Yue et al., 2019). Therefore, rescue experiments were performed to 

evaluate whether SMC1A promoted GC biology behaviors via EMT regulator SNAI2. As determined by CCK-8, 

clone formation, Transwell invasion and wound-healing assays, restoring SNAI2 expression could evidently 

attenuated the suppressive effect on GC cell proliferation, clone formation, migration and invasion causing by 

SMC1A silencing (Figure 4A-D). It’s indicated that SMC1A promoted GC cell proliferation, migration and 

invasion via SNAI2. 

 

Disscussion 

Gastric cancer influences nearly 2 million peoples every year, 75–85% of whom die within 5 years after 

diagnosis, which making it the third most fatal cancer worldwide(Oliveira et al., 2015). Currently, lack of 

insufficient diagnoses at early stage and the characterinstics of tumor prone to invasion and metastasis were a 

thorny problem in GC treatment. Although the treatments such as chemotherapy, radiotherapy, palliative 

resection and gastrectomy have made significant improvement, the prognosis were not encouraging (Li et al., 

2020). Thus, it’s necessary to explore the underlying molecular mechanism mechanisms of GC initiation and 

development, which will contributes to provide treatment strategies and monitor the prognosis of GC. In this 

study, SMC1A was upregulation in GC tumor tissues and cells, and the high expression of SMC1A associated 
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with the poor overall survival. Cell function and mechanism assays revealed that SMC1A facilitates gastric 

cancer cells proliferation, migration and invasion via promoting SNAI2 activated EMT. 

As an important structural maintenance factor of chromosome proteins, SMC1A participates in many 

biological processes(Zhang et al., 2018). Previous research had revealed that SMC1A plays an important role in 

tumorigenesis and progressions (Yi et al., 2017). In most of tumors, SMC1A was reported as a proto-oncogene 

that could promoted cancer development and metastasis (Pan et al., 2016, Zhang et al., 2018, Zhou et al., 2017). 

But in acute myeloid leukemia, SMC1A was downregulation and its low expression predicts poor survival, 

SMC1A overexpression could inhibited cell proliferation and promoted apoptosis (Homme et al., 2010, Zhao et 

al., 2019). Consistent with most literature, our study found that SMC1A could promoted gastric cancer cell 

proliferation, migration and invasion in vitro. Howerver, the detailed molecular mechanism of SMC1A exerting 

in cancers had no reported so far. 

Epithelial-mesenchymal transition (EMT) was first reported in embryonic development and played a vital 

role in the formation of germ layer and organs (Zhou et al., 2019). During EMT process, epithelial cells miss 

the polarity and intrecellular adhesion, and acquire various of mesenchymal phenotype, as motility and 

invasive (Ye and Weinberg, 2015). This process was induced by several EMT associated factors, such as 

the epithelial marker E-cadherin, the mesenchymal markers N-cadherin and vimentin, and the group of 

transcriptional repressors Zeb, Snail, Slug and Twist (Cao et al., 2020b). Accumulated evidences have 

revealed that EMT participates in tumor invasion and metastasis (Cao et al., 2020a, Maruta and Greer, 1988, 

Zhou et al., 2019). The reducing of E-caherin expression is one of significant EMT hallmark, as it’s the 

crucial epithelial marker of EMT which distrubuted in epithelial cells junctions and participates in the 

composition of intercellular adhesion complex (Zhou et al., 2019). Once E-cadherin is lose, causing the 

loose of tight links among cells. Simutaneously, cells adhesion is reduced, which making cells facilitates to 

detach from the primary tumor site, and enhances cells exercise and invasion capacity (MacDonald et al., 

2009, Zhou et al., 2019). Previous study has been demonstrated that SMC1A mediated raioresistance in 

prostate cancer by regulating EMT (Yadav et al., 2019). In our study, we also observed SMC1A could 

induced EMT in gastric cancer. But the mechanism of SMC1A modulation EMT has not been reported. 

Snail family transcriptional repressor 2 (SNIL2) also named slug, as a crucial EMT inucible factor, which 

acted as the transcriptional suppressor of E-cadherin via binding to the conserved E-box motif in the 

promoter region (Chen et al., 2019). It has been reported that SNAI2 could promotes GC cell EMT, 
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invasion and metastasis (Dong et al., 2021, Sakimura et al., 2015, Zhou et al., 2019). In this resech, we 

found that SMC1A could promoted EMT and malignant cell behaviors via regulating SNAI2, which 

provides a good sight in understaning the oncogenic role of SMC1A in GC. 

In summary, our study revealed SMC1A facilitates gastric cancer cell proliferation, migration and 

invasion via promoting SNAI2 activated EMT, which indicated SMC1A may be a potential target for 

gastric cancer therapy 

 

Materials and methods 

Clinical specimens  

A total of 20 primary stomach adenocarcinoma cancer tissues (n=20) and their matched adjacent normal tissues 

(n=20) were collected from the Department of Geriatric Surgery, the Second Xiangya Hospital, Central South 

University from 2018 to 2019. No patient receive chemotherapy or radiotherapy before surgical resection. This 

study was approved by the Ethics Committee of the Second Xiangya Hospital of Central South University. All 

the patients have signed informed consent. The Ethics Committee approved. Collection of tissue samples. The 

fresh tissues were fast frozen in liqud nitrogen and stored at -80℃ until use. 

 

Cell culture and transfection 

Human gastric cancer cells AGS and HGC27 were acquired from Cell Bank of Chinese Academy of Sciences 

(Shanghai, China). AGS cells were culture in F12K medium, while HGC27 cells were maintained in RPMI 1640 

medium. Two mediums were supplemented with 10% fetal bovine serum(FBS) (Gibco, USA). All cells were 

cultured at 37 ℃ in a humidified incubator with 5% CO2. 

The small interfering RNA (siRNA) of homo SMC1A were designed and purchased from General 

Biosystems (Anhui, China). siRNA and the negative control siRNA (siNC) with 20 nM in 6-well plates were 

transfected using Liopfectamine 3000 (Invitrogen, Carlsbad, USA) according to the manufacturers' protocols. 

Total RNA and protein were extracted after a 48 h transfection. The interference sequences were shown in Table 

1. 

The SMC1A cDNA ORF clone (HG18194-UT) and SNAI2 cDNA ORF clone (HG11196-M) were 

purchased from SinoBiological(Beijing, China), and subcloned into a pCDNA3.1 vector. Plasmids were 

transfected into cells using Lipofectamine 3000 (Thermo Fisher, USA) following the manufacturers’ instructions. 
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Cells were harvested at 48 h after transfection.  

RNA isolation and reverse transcription-quantitative PCR(RT-qPCR) 

Total RNA was isolated using TRIzol Reagent (TIANGEN, Beijing, China). Reverse transcription was executed 

using the Revertaid First Strand cDNA Synthesis Kit (Thermo Fish, Carlsbad, CA, USA) following the 

manufacturer’s instructions. The expression of mRNAs were quantified by RT-qPCR analysis with SYBR Green 

PCR Kit(Invitrogen, California, USA). β-actin was used for the normalization control, and calculated based on 

the 2−ΔΔCT method. The sequences of primers were shown in Table 1. 

 

Western blot analysis 

Total proteins were isolated from GC cell and the concentration was measured with BCA Kit 

(ThermoFisher, USA). Proteins were separated by 10% SDS-PAGE gel and transferred to 0.45 μm 

polyvinylidene difluoride (PVDF) membrane (Millipore, USA). After blocking by with 5% non-fat dry 

milk for 2h at room temperature, The membrances were incubated with primary antibodies against SMC1A 

(1:2000, Immunoway), SNAI2 (1:1000, CST), E-cadherin (1:2000, Proteintech), N-cadherin(1:1000, 

Proteintech), Vimentin (1:2000, Proteintech) overnight at 4°C, followed by incubating with HRP-labeled 

secondary antibody. The bloting was visualized using enhanced chemiluminescence reagent (Thermofisher, 

USA). β-actin used as control. 

 

Cell proliferation assay 

Cell proliferation ability was evaluated by Cell Counting Kit-8 (CCK-8) (Beyotime, China) assays. AGS or 

HGC27 cells were seeded separately into 96-well plates with the density of 4 × 103 cells/well. The second day, 

the medium supernatant was removed. Subsequently, 100 μl basic RPIM 1640 medium or basic F12K medium 

were added into HGC27 and AGS cells with 10 μl CCK8, respectively. The cells were incubated for another 2 h. 

Ultimately, the optical density was measured by microplate Reader (Victor3 1420 Multilabel Counter, Perkin 

Elmer, USA) at 450 nm. 

Colony formation assay 

AGS or HGC27 cells were implanted in 6-well plates (1000 cells/well, approximately). Then renewed the 

medium. After growing for another 14 days, the cells were washed triple with phosphate buffer, fixed in 4% 

paraformaldehyde (Solarbio, Beijing, China) 30 min, and then stained with 0.5% crystal violet (Solarbio, Beijing, 

China). 
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Cell invasion assay  

Cell invasion assays were performed in a transwell chamber coverd with Matrigel (BD Biosicences, Bedford, 

USA). After 48 h of transfection, 1×105 AGS or HGC27 cells were plated in the upper chambers with serum-free 

medium. By contraries, medium with 20% FBS were added into the lower chambers. After 48 hours incubation, 

the invading cells were fixed in 4% paraformaldehyde and stained with 0.5% crystal viole.  

Wound healing assay  

AGS and HGC27 cells were cultured in 6-well plates. When cells grew to about 80% confluence, cells were 

scratched by 10 μl plastic pipette tip. Next, cells were washed with PBS to remove debris. The wound-healing 

distance was measured at the 0 h and after 24 h to statistical cell migration. 

Immunofluorescence 

Cells on sterile slips were fixed in 4% parafomaldehyde for 15 min and permeabilized with 0.1% Triton 

X-100 for 10 min at room temperature. Next, the slips were incubated with E-cadherin (1:50, #20874-1-AP, 

Proteintech) or Vimentin (1:100, #60330-1-Ig, Proteintech) antibody overnight at 4 °C. Subsequently, the 

slips were incubated with FITC labeled goat anti-rabbit IgG (1:1000, #ab6717, Abcam) or Cy3-AffiniPure 

Goat Anti-Mouse IgG (1:500, #115-165-003, Jackson) for 1 hours. DAPI was used for nuclear staining. 

Finally, fluorescence was imaged under the fluorescent microscope (IX71 , Olympus, Japan).  

 

Statistical analysis 

Data are analyzed by the GraphPad Prism 7.0. The difference among groups was determined by T-test. All the 

experiments were repeated at least three timens. P<0.05 was considered as statistically significant. 
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Table1 The sequence information of siRNAs and primers 

siRNA/Genes Sequence (5’ - 3’)  

SMC1A siRNA 

sense: GCGGGAAAUUGAAGAGAAUTT 

antisense: AUUCUCUUCAAUUUCCCGCTT 

siNC 

sense: UUCUCCGAACGUGUCACGUTT 

antisense: ACGUGACACGUUCGGAGAATT 

SMC1A 

sense: CATCAAAGCTCGTAACTTCCTCG 

antisense: CCCCAGAACGACTAATCTCTTCA 

β-actin 

sense: TTCCTTCCTGGGCATGGAGTC 

antisense: TCTTCATTGTGCTGGGTGCC 

 

Figure legends 

Fig 1. SMC1A was overexpressed in human gastric cancer. (A) The expression of SMC1A was analyzed in 

cancer tissues from TCGA data. (B) RT-qPCR analysis for SMC1A mRNA in 20 samples of GC tissues and the 

corresponding adjacent tissues. (C) The overall survival of GC patients was evaluated using Kaplan-Meier 

Plotter. The expression of SMC1A was examined in human gastric cancer cell lines and the human gastric 

epithelial cell line GES-1using RT-qPCR method (D) and western blot method (E). **P<0.01, **P<0.001, 

***P<0.001. 

Fig 2. SMC1A gastric cancer cell proliferation, invasion and migration. (A) The expression of SMC1A was 

examined in SMC1A silenced and overexpressed cells by western blot method. CCK-8 assay (B) and Colony 

formation assay (C) were used to determine the effect of SMC1A knockdown and overexpression on cell 

proliferation. Matrigel invasion assay (D) and Wound healing assay (F) analyzed the effect of SMC1A 
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knockdown and overexpression on cell invasion and migration respectively. *P<0.05, **P<0.01, ***P<0.001. 

Fig 3. SMC1A promoted GC epithelial-mesenchymal transition (EMT) via upregulating SNAI2. (A) 

SNAI2 level was examined in SMC1A silenced and overexpressed cells using western blot method. (B) Proteins 

level of EMT markers E-cadherin, N-cadherin and Vimentin were detected after SMC1A depletion and 

overexpression. Immunofluorescence assay detected the expression of E-cadherin (C) and Vimentin (D) in 

SMC1A silenced and overexpressed cells. (E) The expression of SNAI2 was examined in SNAI2 overexpressed 

cells by western blot method. (F) Proteins level of EMT markers E-cadherin, N-cadherin and Vimentin were 

detected in response to the treatment of SMC1A siRNA and SMC1A siRNA+SNAI2.  

Fig 4. SMC1A promoted GC cell proliferation, invasion and migration via SNAI2. CCK-8 assay (A) and 

Colony formation assay (B) were performed to analysis cell proliferation in response to the treatment of SMC1A 

siRNA and SMC1A siRNA+SNAI2. Matrigel invasion assay (C) and Wound healing assay (D) used to 

investigate cell invasion and migration in response to the treatment of SMC1A siRNA and SMC1A 

siRNA+SNAI2. *P<0.05. 
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