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Background: Synaptotagmin-7 (Syt-7) is a member of the synaptotagmin (Syt) family, which 

plays an important role in many physiological and pathological processes. However, to the best 

of our knowledge, there is no study describing its function in tumors, particularly in hepatocel-

lular carcinoma (HCC). Therefore, in this study, we examined the role of Syt-7 in HCC and 

attempted to elucidate its underlying mechanism.

Materials and methods: We examined the expression levels of Syt-7 in HCC cell lines and 

normal hepatocytes by real-time quantitative polymerase chain reaction analysis. The effects 

of Syt-7 knockdown on in vitro cell growth were assessed by Celigo image cytometry, MTT 

assay, colony formation assay, and cell cycle analysis. In vivo tumorigenesis was evaluated using 

a nude mouse model. The underlying molecular mechanism was evaluated using a PathScan 

Stress Signaling Antibody Array.

Results: Syt-7 mRNA levels were highly expressed in Huh-7 and Hep3B cells; moderately 

expressed in SMMC-7721, HepG2, and BEL-7402 cells; and lowly expressed in normal hepato-

cytes L-O2. Functional experiments demonstrated that Syt-7 knockdown significantly suppressed 

cell proliferation and induced cell cycle arrest by increasing phosphorylation of Chk1 and p53. 

Furthermore, Syt-7 knockdown remarkably reduced the growth of xenograft tumors in mice.

Conclusion: The results of this study suggest that Syt-7 plays a vital role in tumorigenesis 

and in the development of HCC. Syt-7 can be used as a new diagnostic and therapeutic target 

in HCC.
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Introduction
Hepatocellular carcinoma (HCC) is a common malignant tumor of the hepatobiliary 

system and is the second most common cause of cancer-related deaths worldwide.1 

It is commonly diagnosed in patients of East Asian and African descent. At present, 

the incidence of HCC is second highest in People’s Republic of China, and the number 

of incident cases and deaths is continuing to increase every year.2 The pivotal method 

of treatment of HCC is radical surgical resection; however, the recurrence rate and 

mortality remain very high owing to insensitivity to chemotherapy and rapid increase 

in drug resistance.3 Therefore, many researchers are currently focusing on the iden-

tification of specific molecular markers and the elucidation of underlying molecular 

mechanisms in HCC. Several genes are responsible in the development of HCC.4 

Synaptotagmin-7 (Syt-7) is an important member of the synaptotagmin (Syt) family, 

which comprises 17 human isoforms.5,6 Syts have been identified as membrane traf-

ficking proteins with an N-terminal single transmembrane domain and C-terminal 
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tandem C2 domains. Syt-7 is an individually Ca2+-dependent 

protein, which interacts with SNARE proteins7 and has been 

found to be expressed in several systems, playing a crucial 

role in many physiological processes. For example, Syt-7 

associates with specific SNAREs to trigger exocytosis in 

neuronal cells.8 Syt-7 functions as the principal Ca2+ sensor 

for glucagon secretion9 and exocytosis, triggering fusion 

of secretory granule and insulin secretion.10 Glavan et al 

reported that Syt-7 is involved in seizures. They found that 

kainate or pilocarpine induced differential patterns of over-

expression of striatal Syt-7 mRNA in rats with pilocarpine-

induced seizures; the muscarinic antagonist, scopolamine, 

modified the pattern of expression.11 Syt-7 is required in 

the calcium-dependent lysosomal fusion; thus, it promotes 

leukocyte migration via Syt-mediated vesicle fusion.12 Elu-

cidation of this molecular mechanism was beneficial in the 

study of Syt-immune-mediated, autoimmune disorders, and 

inflammatory diseases, which raises the following question: 

could Syt-7 enhance tumor cell migration and have a role in 

tumorigenesis and tumor development? To the best of our 

knowledge, there are no studies reporting the role of Syt-7 

in HCC. Therefore, in this study, we investigated the expres-

sion of Syt-7 in several human HCC cell lines. We adopted 

lentivirus-mediated specific siRNA targeting Syt-7 to identify 

the effect of Syt-7 silencing on the growth, proliferation, 

colony formation, and cell cycle progression of HCC cells 

and xenograft tumorigenesis in nude mice.

Materials and methods
cell culture
Human HCC cell lines, namely, SMMC-7721, Huh-7, 

HepG2, BEL-7402, Hep3B, and L-O2 normal hepatocytes, 

were purchased from GeneChem Corporation (Shanghai, 

People’s Republic of China) and cultured in RPMI-1640 

medium. All media were supplemented with 10% FBS, 

100 U/mL penicillin G, and 100 µg/mL streptomycin. All cell 

cultures were maintained at 37°C in a humidified atmosphere 

with 5% CO
2
 in an incubator.

real-time quantitative polymerase chain 
reaction (rT-qPcr) analysis
Total RNA was extracted using Trizol reagent (Pufei 

Biotech Co, Ltd, Shanghai, People’s Republic of China) 

according to the manufacturer’s instructions. Synthesis of 

cDNA was performed by reverse transcription using Reverse 

Transcription System reagents (Promega Corporation, 

Fitchburg, WI, USA). The expression of Syt-7 was quan-

tified by RT-qPCR analysis using SYBR Premix Ex Taq 

II (Takara, Kyoto, Japan) with GAPDH as an internal 

reference. The following sequences of primers were used: 

5′-TGACTTCAACAGCGACACCCA-3′ (upstream) and 

5′-CACCCTGTTGCTGTAGCCAAA-3′ (downstream) for 

SYT-7 and 5′-ACTCCATCATCGTGAACATCATC-3′ 
(upstream) and 5′-TCGAAGGCGAAGGACTCATTG-3′ 
(downstream). Quantitative PCR was performed according 

to Takara SYBR Master Mix kit instructions: 95°C for 15 s, 

followed by 45 cycles of 95°C for 5 s and 60°C for 20 s. The 

relative gene expression levels were calculated and statisti-

cally compared using the 2-ΔΔCT analysis program.13

construction of lentivirus for rnai
We generated shRNAs targeting Syt-7 mRNA against the 

Syt-7 mRNA (NM_004200) sequence as follows: Syt-7 

shRNA forward: 5′-CCGGGCTCACCGTGAAGATCAT

GAACTCGAGTTCATGATCTTCACGGTGAGCTTTTT

G-3′, reverse: 5′-AATTCAAAAAGCTCACCGTGAAGA

TCATGAACTCGAGTTCATGATCTTCACGGTGAGC-3′ 
and negative shRNA sequences (scrambled control shRNA) 

forward: 5′-CCGTTTCTCCGAACGTGTCACGTTTCAAG

AGAACGTGACACGTTCGGAGAATTTTTG-3′, reverse:  

5′-AATTCAAAAATTCTCCGAACGTGTCACGTTCT

CTTGAAACGTGACACGTTCGGAGAA-3′, used as a 

control. None of the sequences showed homology to other 

known human genes. Syt-7 shRNA and scrambled control 

shRNA were connected with GV115 linearized vectors 

(GeneChem Corporation) digested with AgeI and EcoRI, 

respectively, to construct the lentivirus interference plas-

mids, PSC39360 and PSC3741. The ligation products were 

transformed into TOP10 competent cells (Tiangen, Beijing, 

People’s Republic of China; Cat. #CB104-03), and positive 

colonies were selected for PCR authentication (GeneChem 

Corporation). The vectors pHelper1.0 and pHelper2.0 were 

used to pack the virus particles, which were constructed as 

previously described.14 SMMC-7721 cells (2×105 cells/well) 

were seeded in six-well plates; when cell growth reached 

70%–80% confluency, appropriate volumes of lentivirus were 

added to the cells at a multiplicity of infection of 10. The rate 

of infected cells was determined 48–72 h after infection by 

observation under a fluorescence microscope (IX71, Olympus 

Corporation, Tokyo, Japan) to detect the expression of green 

fluorescent protein. The cells were used in subsequent experi-

ments when the rate of infected cells reached 70%.

Western blot
Total protein was extracted from cells by lysis in radio 

immunoprecipitation assay buffer (Ding Guo Biotechnology 
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Corporation, Shanghai, People’s Republic of China). 

Whole-cell protein extracts were prepared and quantified 

using a BCA Protein Assay kit (Beyotime Biotechnology, 

Shanghai, People’s Republic of China). Protein lysates were 

subjected to 10% sodium dodecyl sulfate–polyacrylamide 

gel electrophoresis and wet-transferred (Bio-Rad Labora-

tories Inc., Hercules, CA, USA) at 300 mA for 120 min 

onto PVDF membranes (Millipore, Billerica, MA, USA). 

The PVDF membrane was blocked using Tris-buffered 

saline/tween with 5% non-fat milk at room temperature 

for 2 h or at 4°C overnight and was incubated with primary 

antibody and subsequently with an appropriate secondary 

antibody. Protein bands formed were visualized using an 

ECL Western Blotting Substrate kit (Pierce, Thermo Fisher 

Scientific, Waltham, MA, USA). The primary Mouse Anti-

Flag antibody was purchased from Sigma Biotechnology 

(Sigma-Aldrich Co., St Louis, MO, USA) and Mouse 

Anti-GAPDH was purchased from Santa Cruz Biotechnol-

ogy Inc. (Santa Cruz, CA, USA). The secondary antibody, 

Goat Anti-Mouse IgG, was purchased from Santa Cruz 

Biotechnology Inc.

cell growth assay
As reported previously,15 we performed multiparametric 

high-content screening to measure cell growth. SMMC-7721 

cells at the logarithmic phase, after infection with either 

PSC3741 or PSC39360, were seeded at a density of 1,000 

cells/well into 96-well plates; the cells were then incubated at 

37°C with 5% CO
2
 for 5 days. The cells were counted daily 

using the Celigo Imaging Cytometer (Nexcelom Bioscience, 

Lawrence, MA, USA), and each experiment was performed 

in triplicate.

MTT cell proliferation assay
Lentivirus-infected SMMC-7721 cells were seeded at a 

density of 2,000 cells/well into 96-well plates, and cell 

viability was assessed using MTT (Genview, Craigieburn, 

Australia). MTT (20 µL; 5 mg/mL) was added to each well 

and incubated for 4 h at 37°C. Formazan crystals formed 

were then dissolved by adding 100 µL dimethyl sulfoxide. 

The cells were shaken for 2–5 min, and the absorbance at 

490 nm was measured using a microplate reader (Tecan 

Infinite, Tecan GmbH, Austria). Each experiment was per-

formed in triplicate.

colony formation assay
We performed colony formation assay to detect the growth 

of cells. Briefly, SMMC-7721 cells were infected with 

lentivirus; 3 days later, 1,000 cells/well were seeded into 

six-well plates and cultured for further 11 days at 37°C. 

The status of cells was observed, and the replacement of the 

medium was performed once every 2 or 3 days. At the end 

of the culture period, the cells were washed with phosphate-

buffered saline (PBS) and fixed with 4% paraformaldehyde 

for 30–60 min. Then, they were washed with PBS, stained 

with Giemsa for 10–20 min, and washed several times with 

double-distilled water. The number of colonies formed was 

counted and photographed under a microscope. (Cai Kang 

Optical Instrument Co., Ltd, Shanghai, People’s Republic 

of China).

cell cycle analysis
Cell cycle distribution was determined via flow cytometry 

analysis. SMMC-7721 cells infected with lentivirus were col-

lected and washed once with pre-chilled D-Hanks solution (pH 

7.2–7.4; Shanghai GeneChem Gene Chemical Technology 

Inc., Shanghai, People’s Republic of China). The cells were 

fixed in pre-chilled 75% ethanol for at least 1 h before wash-

ing once with D-Hanks solution. Samples were then stained 

with a solution containing propidium iodide (PI, 2 mg/mL; 

Sigma-Aldrich Co.), RNase concentrate (10 mg/mL), and 

D-Hanks solution at a ratio of 25:10:1,000, and the cells 

were analyzed on a flow cytometer (Guava easyCyte HT, 

Millipore). Each experiment was performed in triplicate.

animal experiments
Twenty-four-week-old female BALB/c nude mice (Ling 

Chang Biological Technology Corporation, Shanghai, 

People’s Republic of China) were randomly divided into 

two groups – PSC3741 (NC) and LVpGCSIL-004PSC39360 

(KD) – with 10 mice in each group. All nude mice were 

injected subcutaneously in the right front flank with 5×106 

SMMC-7721 cells that were infected with PSC3741 (NC) 

or LVpGCSIL-004PSC39360 (KD). Tumor size was gauged 

first at 20 days after injection and then measured twice 

weekly. Tumor volume was calculated according to the 

formula: volume = length × width2 × 3.16/6. In addition, tum-

origenesis was assessed in mice using live animal imaging 

technique. All the mice were injected intraperitoneally with 

d-luciferin (15 mg/mL) and pentobarbital sodium solution 

(70%) at 10 µL/g weight. After 5 min, anaesthetized mice 

were sent for in vivo imaging to inspect fluorescent expres-

sion throughout their bodies. All animal experiments were 

executed according to the National Institutes of Health 

Guide for the Care and Use of Laboratory Animals, with the 

approval of the Animal Research Committee of the Medical 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4286

Jin et al
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People’s Republic of China.

Pathscan intracellular signaling array
Infected SMMC-7721 cells were collected and lysed. 

A PathScan® Stress and Apoptosis Signaling Antibody 

Array Kit (Cell Signaling Technology, #7018) was then 

used, according to the manufacturer’s instructions,16 to detect 

variations in intracellular signaling pathways.

statistical analysis
Student’s t-test and Kruskal–Wallis test were performed to 

analyze the raw data. All values in the text and figures are 

expressed as the mean ± standard deviation of these obser-

vations. Statistical analysis was performed using the SPSS 

21.0 software package. Furthermore, P-values ,0.05 were 

considered to be statistically significant.

Results
syt-7 is overexpressed in hcc cells
We assessed the expression level of Syt-7 in cells by 

RT-qPCR. According to the results, Syt-7 mRNA was highly 

expressed in Huh-7 and Hep3B cells; moderately expressed 

in SMMC-7721, HepG2, and BEL-7402 cells; and lowly 

expressed in L-O2 cell (Table 1 and Figure 1A). SMMC-

7721 is more stable than the other cell lines and was used 

for subsequent experiments.

shrna-mediated syt-7 knockdown 
efficiency in HCC cells
To evaluate the role of Syt-7, we knocked down Syt-7 in 

SMMC-7721 cells. As shown in Figure 1B, 72 h after trans-

fection, the proportion of infected cells in both shCtrl and 

shSyt-7 groups had reached 70%. According to the results of 

RT-qPCR (Figure 1C) and Western blot analysis (Figure 1D), 

the expression levels of Syt-7 mRNA (P=0.000) and Syt-7 

protein in shSyt-7 group of cells were significantly lower 

than those of the shCtrl group.

Knockdown of syt-7 suppressed hcc 
cell growth, proliferation, and colony 
formation in vitro
To assess the effect of Syt-7 on cell growth, shCtrl and 

shSyt-7 SMMC-7721 cells were counted every day for 

5 days. The rate of cell growth was defined as: cell count of 

Nth day/cell count of the first day, where N=2, 3, 4, and 5. 

According to the results, knockdown of Syt-7 significantly 

reduced the total number of cells and rate of cell growth 

(Table 2, Figure 2A and B).

We evaluated the effect of Syt-7 on cell proliferation via 

MTT assay. The results showed that the number of viable 

cells in the shSyt-7 group was significantly higher than that 

of the control group on days 4 and 5 (P=0.000), that is, 

knockdown of Syt-7 inhibited cell proliferation (Figure 3).

Furthermore, we studied the function of Syt-7 knockdown 

on SMMC-7721 cell tumorigenesis in vitro by assaying 

colony formation. The results indicated that compared with 

cells in the control group, cells in the shSyt-7 group had 

significantly inhibited the ability of SMMC-7721 cells to 

form colonies (P,0.01). Thus, with this experiment, we 

have demonstrated that knockdown of Syt-7 restricted the 

tumorigenicity of hepatoma cells in vitro (Figure 4).

Knockdown of syt-7 induced cell cycle 
arrest
To explore alterations in the cell cycle, we analyzed cells 

stained with PI using flow cytometry. The results show that 

compared with cells in the control group the proportion of 

SMMC-7721 cells in G1 phase in the shSyt-7 group sig-

nificantly decreased (61.74±0.35 vs 65.50±0.68, P=0.0001), 

whereas the proportion of cells in S phase significantly 

increased (21.29±1.14 vs 16.59±0.03, P=0.0004). There was 

no significant change between the groups of cells in G2/M 

phase (16.97±0.79 vs 17.91±0.71, P.0.05) (Figure 5).

effect of syt-7 knockdown on 
tumorigenesis in nude mice
We explored the effect of Syt-7 knockdown on tumor progres-

sion in vivo using BALB/c nude mice. We initially studied the 

levels of fluorescence expression (µW/cm2) in the bodies of 

anaesthetized mice. As shown in Figure 6A and B, the levels 

in the shSyt-7 group were significantly lower than those in the 

control group (2.83×1010±4.29×109 vs 5.55×1010±9.07×109, 

P,0.05). After sacrificing the animals, we further measured 

Table 1 Δct of huh-7, hep3B, sMMc-7721, hepg2, and Bel-
7402 cells

Sample Average ΔCt SD

sMMc-7721 12.49 0.126
huh-7 9.72 0.050
hepg2 12.10 0.168
Bel-7402 12.76 0.114
hep3B 10.30 0.244
l-O2 16.50 0.173

Note: syt-7 mrna was highly expressed in huh-7 and hep3B cells; moderately 
expressed in sMMc-7721, and Bel-7402 cells; and lowly expressed in l-O2 cells. 
Abbreviations: sD, standard deviation; ct, threshold cycle; syt-7, synaptotagmin-7.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2017:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4287

synaptotagmin-7 overexpression in hepatocellular carcinoma

the size, volume, and weight of the tumors. Tumors in the 

shSyt-7 group were significantly smaller than those in the 

control group (Figure 6C), and on day 6, tumor volumes 

(mm3) were significantly reduced compared to those of 

the control group (2.61±7.71 vs 823.55±401.62, P,0.05) 

(Figure 6D). The weight (g) of tumors in the shSyt-7 group 

was also significantly lower than that of the control group 

(0.005±0.011 vs 0.830±0.396, P,0.05) (Figure 6E).

elucidation of mechanism of syt-7 in 
hcc cells
According to the results of the previous experiments, Syt-7 

knockdown in SMMC-7721 cells inhibited proliferation 

and induced S phase arrest. To investigate the involvement 

of Syt-7 in tumorigenesis in HCC, we analyzed signaling 

pathways in SMMC-7721 cells after Syt-7 knockdown. The 

results showed that Syt-7 knockdown significantly increased 

the phosphorylation of Chk1 at Ser345 and p53 at Ser15, 

indicating that Syt-7 knockdown inhibited proliferation 

of SMMC-7721 cells and induced S phase arrest via the 

Chk1–p53 signaling pathway (Figure 7).

Discussion
Previously, researchers have focused on identifying potential 

biomarkers that can be of value in the diagnosis and treat-

ment of HCC. There is abundant information about HCC at 

Table 2 cell numbers and growth rate

Time (day) Cell count Cell count/found

Control shSyt-7 Control shSyt-7

Day 1 538±51 419±56 1.00±0.00 1.00±0.00
Day 2 948±107 538±38 1.76±0.04 1.29±0.09
Day 3 1,276±119 670±50 2.37±0.02 1.61±0.13
Day 4 1,797±133 908±132 3.35±0.16 2.17±0.19
Day 5 2,436±176 1,166±105 4.54±0.15 2.79±0.15

Note: Data are shown as mean ± standard deviation.
Abbreviation: syt-7, synaptotagmin-7.

Figure 1 expression of syt-7 mrna in hepatoma cell lines. Fluorescence images and expression of syt-7 mrna in sMMc-7721 cells transfected with lVpgcsil-004Psc39360. 
(A) syt-7 mrna was highly expressed in huh-7 and hep3B cells; moderately expressed in sMMc-7721, hepg2, and Bel-7402 cells; and lowly expressed in l-O2 cell. (B) 
Fluorescence images of cells before and after transfection. Magnification ×100. (C) expression of syt-7 mrna in sMMc-7721 cells transfected with lVpgcsil-004Psc39360. 
The expression levels of Syt-7 mRNA in SMMC-7721 cells in the shSyt-7 group were significantly lower (P=0.000) than that of control cells. The overall knockout efficiency 
was 62.3%, **P,0.01. (D) the expression levels of Syt-7 protein in shSyt-7 group cells were significantly lower than that of shCtrl group.
Abbreviation: syt-7, synaptotagmin-7.

∆
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genetic and molecular levels; however, owing to the restricted 

clinical value of past confirmed molecular markers, scientists 

have been encouraged to find new genes. Elucidating suitable 

targets and understanding the related signaling pathways are 

of crucial importance. Previous studies have demonstrated 

that many genes play important roles in the tumorigenesis and 

development of HCC; the results of experiments have shown 

that RNAi-mediated gene regulation could significantly influ-

ence the biological behavior of hepatoma cells.17–20 

Syt-7 is a vesicle exocytosis protein that plays pivotal 

roles in many physiological and pathological processes. 

Shih et al21 reported that Syt-7 is important for the Ca2+ 

sensors for norepinephrine-containing vesicle exocytosis in 

cardiac sympathetic nerve terminals. Peng et al22 studied the 

function of PLXNC1 in macrophage migration and collagen 

accumulation and found that both of these functions could be 

ameliorated by genetic deletion of Syt-7. This finding dem-

onstrated that Syt-7 has a function in mediating macrophage 

migration and propelling lung fibrosis. Research on Syts in 

tumors is scarce. One study reported that expression levels of 

Syt-13 were significantly lower in left-sided colon carcinoma 

than those in the right-sided colon carcinoma.23 Calmodulin 

inhibition of parathyroid hormone secretion is likely due to 

the absence of Syt-1 in parathyroid adenoma.24 Lung can-

cer research has also shown that CD74-ROS, a novel ROS 

receptor tyrosine kinase, can enhance invasive and metastatic 

Figure 2 The changes of cell growth in sMMc-7721 cells transfected with lVpgcsil-004Psc39360. cell growth was measured via multiparametric high-content screening 
every day for 5 days. Data are shown as mean ± standard deviation. (A) Fluorescence images of cells for every day. Magnification ×100. (B) growth curve of cells (Day 4: 
3.35±0.16 vs 2.17±0.19, P=0.001; Day 5: 4.54±0.15 vs 2.79±0.15, P=0.000).
Abbreviation: syt-7, synaptotagmin-7.
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abilities of cells through the activation of a novel pathway.25 

The core of this pathway is phosphorylation of the extended 

Syt-like protein E-Syt1.

As far as we know, there are no reports regarding the 

role of Syt-7 in tumors, particularly HCC, and this is the first 

study to report the same. We initially investigated the expres-

sion of Syt-7 in human hepatoma cell lines and in normal 

hepatocytes. Our results showed that Huh-7 and Hep3B 

cells expressed high levels of Syt-7, whereas SMMC-7721, 

HepG2, and BEL-7402 cells expressed moderate levels. The 

reason for this difference is potentially complex and may be 

attributed to tumor heterogeneity. In subsequent experiments, 

we chose SMMC-7721 cells to probe the effect of Syt-7 

knockdown both in vitro and in vivo to elucidate its role 

in HCC. In further experiments, lentivirus-mediated Syt-7 

knockdown significantly inhibited hepatoma cell prolifera-

tion and induced cell cycle arrest. The results of cell growth 

and MTT analysis showed that the cell number and cell 

growth rate in the shSyt-7 group were significantly reduced 

compared with those of the control group. Colony formation 

numbers in the shSyt-7 group were substantially reduced 

compared with those of the control group. Syt-7 knockdown 

also induced cell cycle arrest at S phase. Mice with SMMC-

7721 cell-derived xenografts were inoculated with chemi-

cally altered Syt-7 siRNA for in vivo tumorigenesis assay. 

The results showed that levels of fluorescence expression, 

and the size, volume, and weight of tumors in the shSyt-7 

group were significantly reduced compared with those of the 

Figure 3 The changes of cell proliferation in sMMc-7721 cells transfected with lVpgcsil-004Psc39360, which were measured by MTT. The proliferation of cells were 
significantly inhibited in shSyt-7 group cells (Day 4: 3.40±0.29 vs 2.05±0.03, P=0.000; Day 5: 5.02±0.04 vs 2.90±0.02, P=0.000).
Abbreviations: OD, optical density; syt-7, synaptotagmin-7.

Figure 4 Syt-7 knockdown significantly reduced colony formation in SMMC-7721 cells, as assessed by colony formation assay. **P,0.01.
Abbreviation: syt-7, synaptotagmin-7.
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Figure 5 The changes in the cell cycles of cell in SMMC-7721 cells transfected with LVpGCSIL-004PSC39360, the proportion of cells in the S phase significantly increased 
(21.29±1.14 vs 16.59±0.03, P=0.0004). *P,0.05; **P,0.01.
Abbreviation: syt-7, synaptotagmin-7.

Figure 6 (Continued)
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Figure 7 Mechanism study of syt-7 knockdown in hepatoma cells. (A) intracellular signaling array after lVpgcsil-004Psc39360 transfection; (B) syt-7 knockdown 
significantly increased the phosphorylation of Chk1 and p53. *P,0.05; **P,0.01.
Abbreviation: syt-7, synaptotagmin-7.

Figure 6 The effect of syt-7 knockdown on tumor progression in vivo. (A) Fluorescence images of mice models. (B) The levels of fluorescent expression in shSyt-7 
group were significantly decreased than that in control group (2.83×1,010±4.29×109 vs 5.55×1,010±9.07×109, P,0.05). (C) The subcutaneous xenograft mice models and 
representative images of tumors in mice in models. (D) changes in the tumor volume (2.61±7.71 vs 823.55±401.62, P,0.05). (E) changes in the tumor weight (0.005±0.011 
vs 0.830±0.396, P,0.05).
Abbreviation: syt-7, synaptotagmin-7.
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control group, proving that Syt-7 knockdown retards tumor 

growth in vivo. Syt-7 knockdown effectively downregulates 

HCC progression both in vitro and in vivo and plays a vital 

role in the tumorigenesis and progression of HCC, implying 

an oncogenic role for Syt-7 in HCC.

Intracellular signaling pathway analysis showed that 

Syt-7 knockdown increased phosphorylation of Chk1 and 

p53. Chk1 is a cell cycle checkpoint protein kinase, acti-

vated by DNA damage and is involved in DNA damage 

repair and cell cycle arrest. Excessive activation of Chk1 is 

harmful to cell survival in the absence of DNA damage.26 

Chemoresistance, an important reason for the poor prognosis 

of HCC, is dependent on the expression of DNA repair 

enzymes. Wu et al reported that the chemosensitivity of 

HCC cells could be improved by Mus81 knockdown, and 

the mechanism is the induction of S phase arrest via the 

Chk1 pathway.27 Furthermore, p53 is a well-known tumor 

suppressor gene; its function is to guard against malignant 

transformation. An abundance of cellular events, such as 

DNA damage and stress, can trigger p53 activation, resulting 

in regulation of many downstream genes related with DNA 

repair, cell cycle arrest, and so on.28 According to a previous 

publication, eriocitrin may be a natural chemopreventive 

agent for HCC, because it can restrict the proliferation of 

hepatoma cell lines by inducing cell cycle arrest in S phase 

via the activation of p53.29 Researchers have found that the 

relationship between Chk1 and p53 in DNA repair and cell 

cycle arrest is complicated; Chk1 can phosphorylate p53, 

and on the contrary, p53 can also activate Chk1.30 Lee et al 

studied the chemopreventive activity of pterostilbene against 

lung cancer and found that low doses of pterostilbene could 

inhibit proliferation and induce S phase arrest in human 

A549 lung adenocarcinoma cells. The underlying mecha-

nism was found to be pterostilbene-induced activation of 

the ATR/ATM–Chk1–p53 axis, which induces Chk1 and 

p53 phosphorylation.31 We found that Syt-7 knockdown 

induced phosphorylation of Chk1 and p53 in SMMC-7721 

cells. Our findings indicated that Syt-7 silencing suppresses 

proliferation and arrests cell cycle progression at S phase 

via activation of the Chk1–p53 signaling pathway in wild-

type p53 HCC. We deduce that overexpression of Syt-7 is 

responsible for the genomic instability thereby causing DNA 

damage. Thus, DNA damage may lead to cell cycle arrest via 

activation of Chk1 and p53; however, in HCC, mechanisms 

such as gene mutation may bypass this surveillance, in turn 

resulting in malignant transformation. In our experiments, 

Syt-7 silencing restored this surveillance, and DNA dam-

age resulted in the phosphorylation of Chk1 and p53, thus 

suppressing proliferation and arresting the cell cycle in order 

to repair DNA damage.

Conclusion
Our preliminarily demonstrates the role of Syt-7 in HCC. 

However, there are several problems to be resolved, including 

the expression level of Syt-7 in specimens and its clinical 

significance. Our research provides a basis for utilizing Syt-7 

as a new diagnostic and therapeutic target in HCC.
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