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A B S T R A C T   

Cervical squamous cell carcinoma (CESC) ranks among the primary contributors to global cancer- 
associated mortality. However, the role mediated by synaptotagmin 7 (SYT7) in CESC remains 
unclear. Our study employed immunohistochemistry to assess the level of SYT7 expression in the 
tissue microarray. Furthermore, lentiviral shRNA transduction was utilized to establish SYT7 
knockdown cell line models based on HeLa and SiHa cell lines. The functional impacts of silencing 
SYT7 expression in vitro were evaluated. A subcutaneous xenograft model was employed to 
examine the tumorigenic potential of cells with or without SYT7. The content of SYT7 in CESC 
tissues was significantly elevated compared to adjacent normal tissues. Functionally, silencing 
SYT7 in HeLa and SiHa cells suppressed cell proliferation, colony formation ability, and apoptosis 
enhancement. Additionally, cells with suppressed SYT7 also exhibited inhibited cell migration 
and invasion. In vivo experiments demonstrated the loss of tumorigenic ability in SYT7 knock-
down cells and suppressed tumor growth. Quantitative PCR PrimeView PathArray and apoptosis 
antibody array analyses revealed that upon elimination of SYT7, there was a significant upre-
gulation observed in Caspase 8, TNF-R1 (TNF receptor superfamily member 1A), and HSPA5 (heat 
shock protein family A [Hsp70] member 5), while TGFBI (transforming growth factor beta-induced), 
RPL31 (ribosomal protein L31), LUM (lumican), HSDL2 (hydroxysteroid dehydrogenase-like 2), 
ITGB5 (integrin subunit beta 5), and Smad2 (SMAD family member2) were downregulated. Overall, 
we have demonstrated the tumor-promoting functions of SYT7 in CESC.   

1. Introduction 

Cervical cancer (CC) is a major contributor to global cancer-associated mortality. In 2018, around 570,000 cases were newly re-
ported, and 311,000 deaths were observed due to CC [1]. The popularization of cervical screening programs and improved therapeutic 
strategies have contributed to the treatment of CC in most developed countries. However, it is still among the major contributors to 
cancer-associated mortality in developing countries. Almost 90 % of CC cases develop in low- and middle-income countries owing to 
insufficient detection and vaccination [2]. Therapeutic strategies, including surgery and chemoradiation, can achieve curative 
treatment for 80 % of female stage I-II patients and 60 % of stage III patients [3]. However, metastatic CC has a 5-year relative survival 
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rate of 16.5 %. However, to date, the treatment of CC has been hampered by an unclear understanding of its underlying mechanism, 
which needs urgent investigation. 

Research examining the significance of SYT7 in cancer development is in its infancy. Emerging clinical findings have indicated that 
high levels of SYT7 expression are correlated with the progression and worsened outcomes of patients [4–6]. Laboratory studies have 
shown that suppressing SYT7 may reduce the malignancy of lymphocytic leukemia and colorectal cancer [7,8], suggesting its role as a 
cancer-promoting factor. Nonetheless, the SYT7-mediated regulation of CC has not been elucidated. 

In a preliminary investigation, we queried the GDC TCGA-CESC dataset (Ver. 18) using the Xena browser [9]. Transcriptomic 
sequencing revealed a high level of SYT7 mRNA in tissues of cervical squamous cell carcinoma (CESC), which might correlate with the 
shortened overall survival (OS) of patients. Therefore, we hypothesized that the increased SYT7 expression could contribute to the 
development of CESC. Herein, we, for the first time, investigate the function of SYT7 in CESC. Our findings might suggest that targeting 
SYT7 is regarded as a viable therapeutic alternative. 

2. Materials and methods 

2.1. Immunohistochemical analysis (IHC) of the tissue microarray 

The tissue microarray of the CESC & adjacent normal tissue chip was used for IHC staining analysis, including 24 adjacent normal 
tissues and 546 CESC tissues. This work received ethical approval from the First Affiliated Hospital of Guangxi Medical University 
(approval number: 2021, KY-E− 347). Participant age was between 25 and 76 in the cancer group, and 18 to 72 in the normal group, 
and their median age was 47 and 48.5, respectively. IHC was conducted via a 1:200 dilution of the SYT7 antibody (Tianjin Saierbio, 
Cat. SRP09489). The samples were collected and ethically processed, as approved by the First Affiliated Hospital of Guangxi Medical 
University and after obtaining informed consent from the patients. 

2.2. Bioinformatics analysis 

The CC patient RNA sequence (level 3) and associated clinical data were retrieved from the TCGA dataset (https://portal.gdc.com). 
The difference in survival rates between various cohorts was assessed via the log-rank test. The ROC (v0.4) analysis was utilized to 
evaluate the SYT7 mRNA’s predictive potency. Then, we computed p-values and hazard ratios (HR) with 95 % confidence intervals (CI) 
from log-rank tests and univariate cox proportional hazards regression for Kaplan-Meier curve generation. All data analyses were 
conducted using the R package (2020) version 4.0.3, and a p-value ≤0.05 was set as the significance threshold. 

2.3. Cell culture and lentiviral-based SYT7 knockdown 

The CESC cell lines, HeLa (CCL-2), and SiHa (HTB-35), were obtained from ATCC. DMEM medium with 10 % FBS and 1 % 
Antibiotic-Antimycotic solution (ThermoFisher, USA, Cat. 15240062) were used to maintain cell culture in a 5 % CO2 incubator at 
37 ◦C. 

Shanghai Biosciences Co. Ltd. (Shanghai, China) constructed Lentiviral shRNA vectors targeting SYT7 (shSYT7). The SYT7 tar-
geting sequences were synthesized and cloned into the backbone vector BR-V108 (Shanghai Biosciences Co. Ltd., Shanghai, China). 
293T cells (Supplied by the Chinese Academy of Science) seeded in a 10-cm dish were used for cotransfection with the third-generation 
packaging system to produce the lentivirus. Lentiviral vectors containing control-shRNA were also provided by Sigma, USA. 

In brief, BR-V108-RNAi (10 μg), pHelper X2 (7.5 μg), and pHelper 2.G (5 μg) were added and resuspended in 500 μL Opti-MEM R1 
medium and kept for 5 min at room temperature (RT). Meanwhile, 60 μL of the transfection reagent PEI (PEI 25K™, CAS No. 23966–1) 
was added to another 500 μL Opti-MEM R1 medium before a 5-min RT incubation. Then the two combinations were mixed and left at 
RT for an additional 20 min before being added to 293T cells for virus packaging under 37 ◦C incubation, lasting for 48–72 h. The virus 
was harvested by ultracentrifugation. The negative control was treated with the shCtrl lentivirus, while the test cells (shSYT7) were 
treated with shSYT7. Fresh media with the virus were used to replace the previous media and incubated at 37 ◦C for 18–20 h for 
lentiviral infection. Then, the medium was replaced with normal media without the virus. After 72 h of lentiviral infection, the green 
fluorescent protein (GFP) levels were examined in SiHa and HeLa cells under a fluorescence microscope to assess infection proficiency. 
The MOI of transfection is 10 for HeLa or SiHa.Human shSYT7–1 target sequence (RNAi-00148): GCTCACCGTGAAGATCATGAA. 

Human shSYT7–2 (RNAi-00149) target sequence: CTGGAACGAGACCTTCCTCTT. 
Human shSYT7–3 (RNAi-00150) target sequence: GCTCTTGTCTCTCTGCTACAA. 

2.4. MTT assay 

After trypsinization, the cells were resuspended and counted. Next, 2000 cells in 100 μL of complete media were introduced to 
individual wells of 96-well plates (Corning, NT, USA, Cat. No: 3596). Subsequently, 20 μL/well of MTT solution (3-(4, 5-dimethylth-
iazol-2-yl)-2, 5-diphenyl tetrazolium bromide) (Sangon Biotech, Shanghai, China; # A600799–0250) (5 mg/mL) was introduced to the 
cells. Upon a 4-h incubation, the culture medium with MTT was slowly aspirated and replaced with 100 μL dimethyl sulfoxide (DMSO), 
with shaking on a calibrated shaker for 2–5 min at RT. Absorbance was recorded at 490/570 nm with a microplate reader to analyze 
cell survivability. 
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2.5. Apoptosis assay 

We employed stable shCtrl- or shSYT7-incorporated HeLa and SiHa cells, which were plated and incubated in a 6-well plate. Upon 
reaching 70 % confluency, cells underwent trypsin-based digestion and resuspension in a 200 μL 1 × binding buffer. Then, 10 μL of 
each Annexin V-APC and PI were introduced to cells, followed by a 10–15 min staining without light. Following staining, 400–800 μL 1 
× binding buffer was introduced, and flow cytometry was performed. Flow analysis was conducted via the flow cytometry software 
guava InCyte. 

2.6. Colony formation assay 

Cells (800 cells/well) were cultured for five days after transfection. Subsequently, they underwent resuspension in 2 mL of com-
plete media followed by seeding into 6-well plates. After eight days of culture, when most of the colonies were in a cluster of over 50 
cells under a microscope, we stained cells for 10–20 min using 500 μL of GIEMSA staining solution (DingGuo Biotech, Shanghai, China, 
#KGA229) at RT. Next, plates were ddH2O rinsed multiple times and air-dried to photograph and count the number of colonies. 

2.7. Wound-healing assay 

HeLa and SiHa cell lines were employed for the wound-healing assay. Approximately 50,000 cells/well were plated in each well of a 
96-well plate to achieve 90 % confluence within one day. The following day, a scratch device was used to create a gentle wound. 
Subsequently, we performed three gentle washes with serum-free medium. The old medium was then replaced with a complete 
medium having medium or low serum concentration (0.5 % FBS). The wound closure distance was monitored at the indicated time 
points and photographed using an IX73 Olympus inverted microscope with 100X magnification. 

2.8. Transwell migration assay 

Cell invasion was assessed using a 6.5 mm Transwell® with an 8.0 μm Pore Polycarbonate Membrane Insert (Corning, Cat. 3422). 
Cells (50,000 cells/well) were resuspended in 100 μL serum-free DMEM media before being plated onto the upper insert, while the 
lower chamber received 600 μL DMEM with 30 % FBS as a chemoattractant. Cells that successfully penetrated the upper 8.0 μm pore 
polycarbonate membrane insert underwent a 5-min 0.5 % crystal violet staining at RT after 24 h of incubation. The membrane was 
then photographed and examined under an IX73 Olympus inverted microscope. 

2.9. Tumorigenic assay 

The Animal Care & Welfare Committee approved the animal experiment at Guangxi Medical University with approval number: 
201906283. BALB/c female nude mice (4 weeks old) were obtained from Beijing Vital River Laboratory Animal Technology Co., Ltd. 
(Beijing, China) and kept under special pathogen-free (SPF) conditions. They were fed on demand and housed in 12-h light/12-h dark 
environments. Stable transfected HeLa cells with shCtrl or shSYT7 were subcutaneously injected into female BALB/c BALB/c nude 
mice (4 × 106 cells/mouse, 10 mice/group). The tumor’s dimensions were measured every three days. On day 28, after CO2 inhalation 
to anesthetize the mice, xenografts were obtained through cervical dislocation. The xenografts were then measured and imaged. 

Tumor tissues from shSYT7 and shCtrl were collected, and tissue slices were subjected to primary antibody Ki67 (1:200, Abcam, 
USA, Cat. # ab16667). The secondary antibody IgG (1:400, Abcam, USA, Cat. # ab6721) was applied, followed by a 1-h incubation at 
RT after overnight (ON) incubation with the primary antibody at 4 ◦C. After DAB staining, hematoxylin staining was performed on the 
tissue slices. A photomicroscope was utilized to capture and examine the images. 

2.10. Transcriptomic analysis 

GeneChip PrimeView Human PathArray™ was conducted with SiHa cells with stable shCtrl or shSYT7 expression. Triplicate 
samples were used to minimize sample variations. After examining the signal histogram and the relative log expression graph for 
quality control, we performed correlation analysis, principal component analysis, and differential expression analysis, such as volcano 
plot, hierarchical clustering, etc. We uploaded our database to GEO and obtained the GSE200526 database. The website link is https:// 
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc =GSE200526. 

2.11. qRT–PCR 

The extraction of total RNA from cell lysates and reverse transcription PCR were carried out according to the protocols of TRIzol 
(Sigma, USA) and HiScript III-RT SuperMix for qPCR (+g DNA wiper) Kit (Vazyme, Nanjing, China), respectively. Quantitative RT-PCR 
was carried out with AceQ qPCR SYBR Green Master Mix (Vazyme, Nanjing, China). GAPDH served as the internal control. 
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2.12. Western blotting 

HeLa and SiHa cells were trypsinized and washed in ice-cold PBS. After centrifugation and removal of the supernatant, the cell 
pellets were lysed in ice-cold 1 × lysis buffer containing 1 × protease and phosphatase inhibitors. Protein quantification was performed 
using the BCA protein assay kit (HyClone-Pierce, MA, USA, # 23225). Subsequently, protein separation was carried out on a 10 % SDS- 
PAGE gel, and the transfer was conducted onto a polyvinylidene difluoride membrane (PVDF) using a current of 300 mA for 150 min at 
4 ◦C. Following this, the membrane was blocked for 1 h with 5 % BSA dissolved in 1 × TBST. It is important to wash the membrane with 
TBST three times (10 min each) before and after adding antibodies. Primary antibodies were diluted in 5 % nonfat powdered milk (BBI- 
A-600669–0250) before being incubated overnight with the membrane at 4 ◦C. Corresponding secondary antibodies were applied, 
followed by a 1-h incubation at room temperature. The blot was developed using the ECL-PLUS Kit (Amersham, Chalfont, UK, # 
RPN2232). 

2.13. Human Apoptosis Antibody Array 

Total lysate proteins (400 μg/sample) were incubated overnight with a Human Apoptosis Antibody Array Membrane (Abcam, USA, 
Cat. # ab134001) pre-spotted with antibodies for 43 human apoptosis markers. The procedure, including incubations, washes, and 
chemiluminescence detection, strictly followed the kit directions. The final signal intensity value of each dot was quantified using 
ImageJ (NIH, USA). 

2.14. Statistical analysis 

Data are provided as mean ± Standard Error Mean (SEM), (n ≥ 3). Pairwise comparisons employed Student’s t-test, one-way 
ANOVA with subsequent Tukey’s multiple comparison. Table 3 data analysis was with Spearman’s test. P-value <0.05 was set as 
the significance threshold (*P < 0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001). The qRT-PCR information was calculated using the 
2− ΔΔCT formula. The t-test assessed statistical differences. The graphs were statistically analyzed and generated via GraphPad Prism 8 
(GraphPad Software Inc., San Diego, CA, USA). 

3. Results 

3.1. Enhanced SYT7 protein levels in CESC tissues and its clinical significance 

IHC examination of the tissue microarray revealed that SYT7 expression was considerably elevated in CESC versus nearby normal 
tissues (P 0.0001) (Table 1). The Grade III tumor tissues had much greater levels of SYT7 expression, as seen in Fig. 1 (Fig. 1). 
Additionally, we discovered, by the Mann-Whitney U test (Table 2), a strong link between SYT7 content and CESC pathological 
grading. According to Spearman’s correlation analysis, the clinical grade of CESC was positively correlated with SYT7 expression 
(Table 3). According to bioinformatic analysis, SYT7 was not connected to the prognosis for the 306 CC patients (Supplementary 
Fig. 1). Collectively, SYT7 may be associated with the progression of CESC. 

3.2. Verification of the cancer-promoting role of SYT7 in CESC in vitro 

qRT-PCR assessed the knockdown efficiencies of shRNA in the HeLa cell line (Supplementary Fig. 2A), where shSYT7 (RNAi-00148) 
demonstrated an 80 % knockdown efficiency and was chosen to establish SYT7-knockdown cell lines based on HeLa and SiHa cell lines. 
To confirm successful transfection, the GFP signal was examined under a fluorescence microscope following 72 h of infection (Sup-
plementary Fig. 2B). The establishment of a stable SYT7-knockdown cell line was further validated by conducting qRT-PCR, revealing 
more than 60 % and 80 % knockdown efficiencies in HeLa and SiHa cells (both P < 0.001), respectively (Supplementary Fig. 2C). 
Western blot results demonstrated consistent knockdown in both cell lines (Supplementary Fig. 2D). All these data confirmed the 
successful establishment of the SYT7-knockdown cell model in HeLa and SiHa cell lines. 

3.3. Silencing of SYT7 suppresses cell growth and colony formation 

shSYT7-or shCtrl-transfected HeLa and SiHa cells were incubated for five days, and cell growth was monitored using the MTT assay. 
As depicted in Fig. 2A, cell proliferation was significantly inhibited in SYT7-deficient cells (P < 0.001). Similarly, the SiHa cell line with 
SYT7 silencing also exhibited notable suppression of cell proliferation (P < 0.001) (Fig. 2A). In line with the MTT assay, the colony 

Table 1 
Gene expression profiles in cervical cancer and para-carcinoma tissues, as evidenced via IHC assessment.  

SYT7 Tumor tissue Para-carcinoma tissue p-value 

content Cases Percentage Cases Percentage  
Reduced 265 48.5 % 24 100 % P < 0.001 
Enhanced 281 51.5 % 0 0 %   

J. Huang et al.                                                                                                                                                                                                          



Heliyon 10 (2024) e24806

5

formation assay also displayed a reduction in cell proliferation, as evidenced by the decrease in colony size and number of HeLa and 
SiHa cells (both P < 0.001) (Fig. 2B). The presented data strongly indicate that SYT7 deficiency profoundly suppresses CESC cell 
proliferation. 

3.4. Silencing of SYT7 induces apoptosis in CESC cells 

To evaluate the modulatory impact of SYT7 on CESC cell apoptosis, we assessed cell apoptosis using flow cytometry. Knockdown of 
SYT7 in both HeLa and SiHa cells led to increased apoptosis compared to shCtrl cells (Fig. 2C). Quantification revealed a significant rise 
in the percentage of apoptotic cells in SYT7-knockdown CESC cells relative to shCtrl cells (HeLa P < 0.0001, SiHa P < 0.001). 
Altogether, SYT7 knockdown significantly induced apoptosis in CESC cells. 

Table 2 
Link between SYT7 content and tumor profiles of cervical cancer (CC) patients.  

Features No. of patients SYT7 level p-value 

low high  

All patients 546 265 281  
Age(years)    0.264 
<48 271 125 146  
≥48 275 140 135  
Grade    P < 0.001 
1 58 36 22  
2 313 145 168  
3 114 36 78  
Primary Tumor(T)    0.062 
T1 497 248 249  
T2 42 16 26  
T3 5 0 2  
T4 2 0 1  
Regional Lymph Nodes (N)    0.241 
N0 515 253 262  
N1 29 11 18  
Distant Metastasis (M)    0.152 
I 468 234 234  
II 37 14 23  
III 31 11 20  
IV 6 5 1   

Table 3 
Link between SYT7 content and tumor profiles of cervical cancer patients.    

SYT7 

Grade Spearman correlation 0.177 
Significance (two-tailed) P < 0.001 
N 485  

Fig. 1. Overexpression of SYT7 in CESC tissues compared to the adjoining normal tissues. SYT7 protein expression in CESC tissues and adjoining 
normal tissues were determined via IHC with three representative cases in each category for presentation (200 × , left, 400 × , right). 
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3.5. SYT7 silencing prohibits CESC cell migration and invasion 

Metastasis poses a significant challenge to the curative efficacy of various strategies employed for treating CESC. Therefore, we 
examined the role of SYT7 in cell migration and invasion using wound healing and Transwell migration assays, respectively. Sup-
pressed cell migration due to SYT7 knockdown was demonstrated by reduced wound closure efficiency in both HeLa and SiHa cells 
(Fig. 3A). The wound width was quantified at 24 h and 48 h for HeLa and 4 h and 8 h for SiHa, showing a significantly decreased wound 
closure (P < 0.001). Similarly, upon silencing the SYT7 gene, the Transwell assay exhibited decreased cell invasion abilities in both 
HeLa and SiHa cell lines (P < 0.001) (Fig. 3B). The data presented strongly suggest that SYT7 silencing may inhibit CESC cell migration 
and invasion, which are representative phenotypes of tumor metastasis. 

Fig. 2. SYT7 silencing suppressed cell growth and promoted cell apoptosis. A. The SYT7 knockdown inhibited cell proliferation during MTT assay 
(HeLa: P < 0.001; SiHa: P < 0.001); B. The SYT7 knockdown suppressed colony formation ability (HeLa: P < 0.001; SiHa: P < 0.001); C. The SYT7 
silencing induced apoptosis in HeLa (P < 0.001) and SiHa (P < 0.001) cell lines. (*P < 0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001). 

Fig. 3. SYT7 knockdown inhibited cell migration and cell invasion. A. SYT7 silencing inhibited cell migration as determined by wound healing 
assay in HeLa (P < 0.001) and SiHa (P < 0.001) cells; B. The SYT7 knockdown in HeLa and SiHa cells inhibited cell invasion (both P < 0.001). (*P <
0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001). 
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3.6. SYT7 gene silencing in CESC cells suppresses tumorigenesis in vivo 

Building upon the aforementioned in vitro findings, we further investigated the impact of SYT7 on tumor growth in vivo. The 
multiple in vitro assays confirmed that SYT7 silencing suppresses cell proliferation, migration, and invasion while concurrently 
enhancing cell apoptosis. Therefore, we examined whether SYT7 knockdown influenced tumorigenesis in vivo. To accomplish this, we 
established a subcutaneous xenograft model by injecting stably transfected HeLa cells with shCtrl or shSYT7. Transfection efficiencies 
of both cell groups were validated before injection (Supplementary Fig. 3A). Consistent with in vitro results, the time-dependent 
monitoring of tumor volume in the shSYT7 group displayed a significant reduction in tumor growth rate compared to the shCtrl 
group. Particularly, seven out of ten mice injected with shSYT7 cells did not develop observable solid tumors (Fig. 4A, Supplementary 
Fig. 3B). Similar outcomes were observed through measurements of tumor weight and total in vivo fluorescence intensity, revealing 
substantial inhibition of tumor development in the shSYT7 cells compared to the shCtrl cells (Fig. 4B–E). Ki-67 staining further 
validated reduced cell proliferation in xenografts generated by the shSYT7 group (Fig. 4F). These findings indicated that silencing 
SYT7 led to suppressed tumor progression in vivo. 

Fig. 4. SYT7 silencing inhibited tumorigenesis in a subcutaneous xenograft mouse model. A. Representative bioluminescence imaging of a sub-
cutaneous xenograft mouse model and solid tumor at harvest; B Representative tumor growth of subcutaneous xenograft mouse model. C. Growth 
curve of tumor volume measured periodically (V = ½ (Length × Width2)); D. Total bioluminescent intensity measured at harvest (P < 0. 0.05). E. 
Tumor weight (g) measured at harvest (P < 0.001); F. H&E and Ki67 staining of tumor sections derived from xenograft mouse models; (*P < 0.05; 
**P < 0.01, ***P < 0.001, ****P < 0.0001). 
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3.7. Exploration of possible SYT7 downstream genes in CESC 

To elucidate the associated mechanism behind the SYT7-deficient CESC tumor suppressor phenotypes, we employed the GeneChip 
PrimeView Gene Expression Array. This array profiled expression patterns of over 36,000 transcripts and variants using SiHa-shCtrl 
and shSYT7-cDNAs (Supplementary Fig. 4). Through bioinformatics and literature-based interaction network analysis, we identi-
fied that SYT7 could directly interact with IFNG, STX3, and CD63 to regulate downstream targets, including AJUBA, BCLAF1, CCND2, 
DAB2, EFEMP1, EIF4G1, GDF15, GPNMB, HMGB2, HNRNPD, HSPA5, LAMP3, LMNB1, NUPR1, S100A4, SMAD2, STAT2, TGFBI, 
TMPO, and YAP1 (Fig. 5A). Twenty downstream targets were chosen for further validation through qPCR. As shown in Fig. 5B, SYT7 
knockdown strongly suppressed most of the selected targets (Fig. 5B). Similarly, Western blot results demonstrated a similar inhibition 
of TGFBI, RPL31, LUM, and HSDL2 in the SYT7-silenced group (Fig. 5C). Additionally, since SYT7 was implicated in the regulation of 
cell apoptosis, we conducted the Human Apoptosis Antibody Array to elucidate how cell apoptosis was affected after SYT7 knockdown. 
Post SYT7 knockdown, Caspase8 and sTNF-R1 exhibited up-regulation (Fig. 6A), whereas Bcl-2, cLAP-2, HSP27, IGF-1sR, Livin, 
TRAILR-3, TRAILR-4, and XIAP displayed down-regulation (Fig. 6A). Quantification of the grey value data indicated significant 
changes (Fig. 6B). Western blot data revealed that ITGB5 and Smad2 were downregulated, while HSPA5 was up-regulated. However, 
CALM1 and IL1RAP showed no differences in expression (Fig. 6C and D). In sum, these data tentatively identified potential down-
stream targets of SYT7 essential for modulating cell growth, migration, invasion, and apoptosis. 

Fig. 5. Screening of downstream targets of SYT7 by the GeneChip PrimeView PathArray™. A. The interaction network between the target gene 
SYT7 and differentially expressed genes. B. Quantitative PCR validation of PathArray identified the differentially expressed genes, which were 
downstream of SYT7; C. Western blot validation of downstream targets. 
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4. Discussion 

SYT7 has been suggested to participate in the etiology of several forms of cancer. Nevertheless, the SYT7 role in CESC remains 
elusive. In addition to the multiple reported functions of SYT7 in mediating cell apoptosis/differentiation, vesicular transportation, and 
lysosome-regulated repair, increasing evidence has also shown its significant relevance in cancer occurrence and progression [10,11]. 
Bing et al. reported that SYT7 down-regulation suppressed glioblastoma development by inducing cell apoptosis [12]. Fei et al. re-
ported that the SYT7 content was elevated in lung cancer, further illustrating the association between SYT7 and p53, which enhances 
the link between p53 and MDM2. Thus, its role in promoting lung cancer cell proliferation and inhibiting cell senescence was revealed 
[13]. Similarly, another study confirmed the up-regulation of SYT7 protein contents in non-small cell lung cancer (NSCLC) relative to 
the adjoining paired normal tissue. A higher SYT7 content was linked to poorer outcomes among NSCLC patients. Further in-
vestigations indicated that SYT7 functioned as a crucial promoter of epithelial-mesenchymal transition (EMT) and the NSCLC 
development and progression [6]. SYT7 stabilizes HMGB3 and promotes thyroid cancer progression [14]. Although accumulating 
studies have proven the carcinogenic role of SYT7 in the cancer types mentioned above, its role in CC remains elusive. 

Our study demonstrated a substantial increase in SYT7 protein content within CESC tissue specimens in comparison to adjacent 
noncancerous counterparts. Furthermore, elevated SYT7 levels in CESC tissues exhibited a significant correlation with advanced tumor 
grade. TCGA data indicated that SYT7 was not associated with prognosis. However, it has been linked to CC progression, suggesting 
that it might not act as an independent prognostic factor. Furthermore, our investigation revealed that SYT7 knockdown markedly 
diminishes CESC cell proliferation, migration, colony formation, and tumorigenicity, while concurrently promoting apoptosis. These 
findings parallel previous observations in other types of cancer cells [4,6,15]. 

To better understand the cancer-promoting mechanism of SYT7, we attempted to identify potential downstream targets of SYT7 
in CESC. GeneChip PrimeView PathArray qPCR and Human Apoptosis Antibody array were performed employing the SiHa (shCtrl, 
shSYT7) cell line. Here, we identified potential downstream targets that showed statistical significance. Caspase 8 and sTNF-R1 were 

Fig. 6. Identification of downstream targets of SYT7 by Human Apoptosis Antibody Array. A. Comparison between the shCtrl and shSYT7 proteins 
(SiHa) using Human Apoptosis Antibody array with densitometry quantification is shown in the right panel (Top 10 candidates listed); B. Grey value 
of top 10 candidates identified in the Human Apoptosis Antibody Array; C. Western blot validation of potential downstream targets. D. The 
quantification of the bands of CALM1, HSPA5, IL1RAP, ITGB5 and smad2 (*P < 0.05; **P < 0.01, ***P < 0.001, ****P < 0.0001). 
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up-regulated, while Bcl-2, cLAP-2, HSP27, IGF-1sR, Livin, TRAILR-3, TRAILR-4, XIAP, TGFBI, RPL31, LUM, HSDL2, etc., were 
down-regulated. Most of these genes are related to signaling pathways that play an important function in mediating cell prolifer-
ation, cell apoptosis, and cell cycle. For example, TGFβ/Smads signaling pathway exhibited close participation in regulating cancer 
development and progression. Specifically, Smads participate in TGFβ signaling as a class of intracellular molecules that act during 
cancer metastases. Most studies have revealed dual roles for Smad2, Smad3, and Smad4, while only a few insights have been ob-
tained for Smad5 [16,17]. Li et al. demonstrated that miR-195-induced downregulation of Smad5 could lead to suppressed EMT in 
nasopharyngeal carcinoma (NPC), implying that Smad5 could be a potential therapeutic target for treating NPC [17]. We observed 
the down-regulation of TGFBI and Smad2 in the SYT7-silenced group, which can finally be correlated with a reduction in cell 
migration and invasion. 

Another potent regulator of cancer is the ribosomal protein L31 (RPL31), which has been demonstrated as critical for prostate and 
colorectal cancer cell proliferation and cell cycle via regulation of p53 and p21 levels [18,19]. In our study, RPL31 was significantly 
down-regulated in both GeneChip PrimeView PathArray™ and Western blot validation, further confirming the potential of the RPL31 
gene as a downstream target of SYT7. 

Likewise, the hydroxysteroid dehydrogenase-like 2 (HSDL2) gene has also been implicated in exerting oncogenic roles in ovarian 
cancer by promoting cell growth and metastasis [20]. Specifically, the down-regulation of HSDL2 has been shown to inhibit cell 
proliferation and motility while facilitating apoptosis and cell cycle arrest [21]. Similar findings have been observed across various 
cancer types. For instance, Bing et al. identified that HSDL2 depletion hindered cell growth but facilitated cell cycle arrest in breast 
cancer [22]. Furthermore, Shi et al. demonstrated that HSDL2 played an oncogenic role in promoting lung cancer cell proliferation and 
metastasis via AKT2 up-regulation [23]. In our study, HSDL2 was reduced to an undetectable level in the SYT7-silenced group, thereby 
linking it to the suppression of cell proliferation, invasion, and tumorigenesis. Integrins (ITGs) are transmembrane heterodimers with 
one α chain and one β chain. These chains interact with the ITG receptors and further mediate extracellular signal transductions to 
regulate cell survival, apoptosis, cell growth, and motility [24–26]. Akira et al. reported that ITGB5 downregulation was intricately 
linked to distant metastases and poor prognosis in squamous cell carcinoma of the tongue [27]. However, we found that the ITGB5 
level decreased in the SYT7 silenced group, contradicting the abovementioned findings. Therefore, further investigations are needed to 
reveal the underlying mechanisms. 

5. Conclusion 

In this study, we are the first to report on the tumor-promoting functions of SYT7 in CESC. Silencing SYT7 expression robustly 
inhibited cell proliferation, colony formation, migration, and invasion, while concurrently promoting apoptosis. Moreover, SYT7 
knockdown cells demonstrated compromised tumorigenic potential and suppressed tumor growth. Mechanistically, the silencing of 
SYT7 led to the upregulation of Caspase 8, TNF-R1, and HSPA5 genes, while the downregulation of TGFBI, RPL31, LUM, HSDL2, 
ITGB5, and Smad5 genes was observed. Nevertheless, this study had several limitations. Firstly, the quantity of normal tissues was 
small in comparison to tumor tissues, resulting in limited statistical power. The findings from bioinformatics analysis should be 
corroborated with different cohorts. The potential downstream targets of SYT7 offer initial insights into the cancer-promoting 
mechanism of SYT7. In the future, more samples from diverse cohorts will be included to further authenticate the results obtained 
from bioinformatics analysis. Furthermore, the regulatory mechanism of SYT7 warrants further investigation. 
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