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miRNA-34a suppresses colon carcinoma proliferation 
and induces cell apoptosis by targeting SYT1
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Abstract: Background: MicroRNAs are emerging as the important regulators in cancer-related processes. This re-
search were performed to find the function and mechanism of miR-34a effect on colon cancer. Methods: In this 
study, we examined the expression of miR-34a in colon cancer tissues and cell lines by qRT-PCR. In vitro cell func-
tional assays studies were built to define miR-34a and SYT1 function involved in cell growth, migration, and invasion 
and apoptosis. EGFP reporter assay was used to determine the relationship of SYT1 and miR-181a. To confirmed 
the relationship between SYT1 and miR-34a, the SYT1 restoration rescued miR-34a mediated growth and inhibited 
cell apoptosis were detect. Result: Our studies show that microRNA-34a (miR-34a) is downregulated in human co-
lon cancer relative to normal colon mucosal epithelial cells, and downexpression of miR-34a promotes cell prolifera-
tion, migration, and invasion, nevertheless overexpression of miR-34 facilitates cell apoptosis in vitro. Furthermore, 
SYT1 3’-UTR is found to be down-regulated directly by miR-34a, demonstrating that SYT1 is a important target of 
miR-34a in colon cancer. The knockdown of SYT1 markedly inhibits colon cancer cell proliferation, migration, and 
invasion, and induces cell apoptosis, indicating that SYT1 may function as an oncogene in colon cancer. The resto-
ration of SYT1 expression can counteract the effect of miR-34a on cell proliferation, and induces cell apoptosis, of 
colon cancer cells. Conclusion: Together, these results indicate that miR-34a is a new regulator of SYT1, and both 
miR-34a and SYT1 play the important roles in the pathogenesis of colon cancer.
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Introduction

Colon cancer is a major cause of cancer-related 
morbidity and mortality, and is a public health 
problem worldwide [1]. For many economically 
developing countries, the incidence of colon 
cancer has increased over the past 20 years; 
most likely attributed to changes in the environ-
ment, individual lifestyle and eating habits [2]. 
Although advances in the detecting and treat-
ment of colorectal cancer, which have increased 
the life expectancy of patients, the prognosis of 
colon cancer patients remains poor. Therefore, 
studying the mechanisms underlying colorectal 
cancer progression is important for the human 
being. 

MicroRNAs (miRNAs) are a class of non-coding 
RNAs, which specifically modulate generous 
gene expression posttranscriptionally by bind-
ing to partly complementary sites within 
3’-untranslated regions (3’-UTR) of target gene 
mRNA [3]. They are implicated in a numerous 

cellular processes including cell proliferation, 
apoptosis and so on. Previous studies have dis-
covered the important roles of miRNAs in can-
cers and suggested that abnormal expression 
of miRNAs may be associated with tumor occur-
rence and progression by regulating the related 
genes and pathways. miR-34a, which resides 
on chromosome 1p36, has been identified in 
some kinds of cancers, containing hepatocellu-
lar carcinoma [4, 5], breast adenocarcinoma [6, 
7], gastric cancer [8], osteosarcoma [9, 10], 
colorectal cancer [11, 12], acute myeloid leuke-
mia [13], myeloma [14, 15], and lung cancer 
[16]. Recently, using RT-PCR assay, we found 
that miR-34a was down-regulated in colon can-
cer and may due to the metastatic activity of 
colon cancer. These facts led us to further 
study whether miR-34a also contributed to the 
tumor suppressor of colon carcinoma.

In this research, we found that miR-34a dued to 
the cell proliferative activity and apoptosis of 
human colon cancer cell line SW620 and 
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SW480. Moreover, the SYT1 was confirmed to 
be a direct functional target of miR-34a in colon 
carcinoma. Given that SYT1 gene plays an 
important role in synovial sarcomas [17] and 
may also be participated in some other cellular 
pathways, we demonstrated that SYT1 also 
affects colon cancer cell proliferation in SW620 
and SW480 cells. Understanding mechanisms 
underlying the modulation pathway of miR-34a 
in colon cancer cells might be helpful to study 
the colon cancer progression.

Materials and methods

We collected a number of 30 matched colon 
cancer tissue and adjacent normal tissue from 
patients who underwent colon cancer surgery 
at Affiliated Hospital of Chifeng University 
between Dec 2016 and July 2017. The exclu-
sion criteria contained chemotherapy or radio-
therapy. Tissue specimens were immediately 
frozen rapidly for PCR using. All subjects were 
approved by the Institute Research Ethics 
Committee of Affiliated Hospital of Chifeng 
University.

Cell culture and transfection

SW620 and SW480 cells were cultured in 
α-MEM medium (Sigma, St. Louis, USA) con-
taining 10% fetal bovine serum, supplement 
with 100 IU/ml penicillin, and 100 mg/ml strep-
tomycin at 37°C in the humidified atmosphere 
containing 5% CO2. All miRNA controls, miR-
34a inhibitor (inhibitor), miR-34a mimic (mimic) 
were provided from Ribobio Company (Gu- 
angzhou, China). Transfection the vectors and 
siRNA was performed using the Lipofectamine 
2000 reagent (Invitrogen), according to the 
manufacturer’s protocol.

Cell viability assay

MTT assay was used for colon cancer cells via-
bility analysis. Briefly, 5 × 105 SW620 and 
SW480 cells were seeded into each well of a 
96-well plate, and cultured at 37°C overnight 
for attachment. Then the cell were transferred 
into 100 μL medium containing 10% fetal 
bovine serum and evodiamine at indicated con-
centrations and incubated for 30 h. After that, 
10 μL MTT reagent was added into each well, 
mixed with the medium, and incubated at 37°C 
for 4 h. Finally, a microplate reader was used to 
measure the absorbance at 450 nm.

Colony formation assay

After transfection, SW620 and SW480 cells 
were seeded in 12-well plates at 100 cells per 
well, respectively. Culture medium was changed 
every 3 days. Colonies were counted only if the 
number of cells was more than 50 cells, and 
the number of colonies was counted at the 
sixth day after cell inoculation. The rate of colo-
ny formation was calculated: colony formation 
rate (%) = (the number of colonies/the number 
of seeded cells) · 100%.

Cell apoptosis assay 

After transfection, SW620 and SW480 cells (5 
× 105 per well) were seeded into 6-well plates 
and then cultured for 3 days respectively. The 
apoptosis was tested using an AnnexinV-FITC 
and PI kit (BD Biosciences, Franklin Lakes, NJ, 
USA) for 15 min at room temperature in the 
dark. All the stained cells were analyzed by 
using a FACSCalibur (BD Bioscience) and the 
results were analyzed with FlowJo software. 

Real-time reverse transcriptase PCR

All RNA was extracted from tissue and cultured 
cells by using Trizol reagent (Invitrogen, 
Carlsbad, USA) and miRNAs were purified by 
using the mirVana miRNA isolation kit (Ambion, 
Austin, USA), according to the manufacturer’s 
instructions. cDNA was synthesized using 
SuperScript First-Stand Synthesis system and 
PCR was performed on AB7300 thermo-recy-
cler (Applied Biosystems, Carlsbad, CA, USA). 
The sequence of the primer as follows: miR-
34a, forward, 5’-TGGCAGTGTCTTAGCTGGTT- 
GT-3’, reverse, 5’-AAGCTCCATTTCGCAACCTT- 
AC-3’; SYT1, forward, 5’-CGCTTCGGCAGCA- 
CATATACTAAAATTGGAAC-3’, reverse, 5’-TTGG- 
TCAGCACAGATCATCG-3’. Sequence of the prim-
er for PCR methods were as follows: initial 
denaturation 4 min at 94°C, followed by 40 
cycles of 30 s at 94°C, 30 s at 50°C, 40 s at 
72°C. U6 was used as an endogenous control 
for miRs and GAPDH was used as a housekeep-
ing gene for mRNAs. Three independent experi-
ments were performed, and the relative expres-
sion levels were presented using histogram.

Transwell invasion and migration assay

For the colon cancer cell migration studies in 
vitro, a Matrigel-based invasion assay was per-
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formed using 8-μm pore-size culture inserts 
(BD Biosciences, Bedford, MA) coated with 
Matrigel (BD Biosciences) according to the 
manufacturer’s instruction. After 48 hours of 
transfection, cells were harvested and sus-
pended in serum-free DMEM at density of 5 × 
104 cells. After 24 hours of incubation, the cells 
that had migrated through the Matrigel and 
adhered to the bottom of the insert membrane 
were fixed and stained with 0.1% crystal violet 
in 20% methanol and then conducted under a 
microscope. For the invasion assay, the mem-
branes of each chamber were pre‑coated with 
a layer of Matrigel (BD Biosciences) for 6 h in a 
homothermal incubator at 37°C. 

EGFP reporter assay

The wild type (WT) and mutant type (Mut) of 
SYT1 3’UTR were independently amplified with 
PCR. Genomic DNA was extracted from the 
HeLa cells, and the WT of SYT1 3’UTR contain-
ing miR-34a binding site was amplified. The 
overlap PCR was employed for the mutation of 
seed region of 3’UTR of SYT1, and then the 
mutant sequence of 3’UTR of WT SYT1 was 
obtained. The PCR products were inserted into 
pmirGLO vector to acquire recombinant SYT1-
WT and SYT1-Mut. SW480 cells and SW620 
cells were seeded, and the vectors (SYT1-WT 
and SYT1-Mut) were independently transfected 
into colon cancer cells with miR-34a mimics or 
scramble miRNA by using LipofectamineTM 
2000 kit (Invitrogen, Carlsbad, CA, USA). After 
24 h, dual luciferase reporter gene assay kit 
(Promega) was used to detect the dual lucifer-
ase signals.

Western blot analysis

Total cellular extracts were prepared at 4°C by 
incubation in RIPA buffer for 30 min, and then 
centrifugation at 10,000 g for 10 min. Total pro-
tein extracts of the colon cells were collected 
from the supernatant and the proteins concen-
trations were quantified using the Pierce BCA 
Protein Assay kit (Thermo Scientific, Rockford, 
IL) according to the manufacturer’s instruc-
tions. All proteins were separated on the 10% 
SDS-PAGE gel. The membrane was incubated 
with antibody anti-SYT1 (dilution 1:500) and 
anti-GAPDH (dilution 1:2000) overnight. Anti-
SYT1 and anti-GAPDH antibody were purchased 
from Abcam.

Statistical analysis

The statistics analysis of the data was per-
formed using Student’s t-test on the SPSS (ver-
sion 21.0, Chicago, IL) software, expressed as 
mean ± standard deviation (SD). The statistics 
difference was considered to be significant 
when P < 0.05.

Result 

Decrease expression of miR-34a in colon car-
cinoma tissues and cells

It has been shown that expressions of miR-34a 
between normal tissues and cancer tissues 
were significantly different (P < 0.05), and miR-
34a expression within colon carcinoma tissues 
was remarkably beyond that within adjacent 
normal tissues (Figure 1A). In order to investi-
gate the role of miR-34a in colon carcinoma 

Figure 1. Decreased expression of miR-34a in colorectal cancer (CRC) cell lines. A. RT-PCR was performed to test 
miR-34a expression in adjacent normal tissues and colon cancer tissues; B. The expression of miR-34a in five CRC 
cell lines compared with the normal human colon mucosal epithelial cells, was determined using qRT-PCR. Data are 
shown as the mean ± SD (three replicates). *P < 0.05, and **P < 0.01 vs control.
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cells, RT-PCR was used to detect the level of 
miR-34a in 6 different human colon carcinoma 
cells (i.e. SW480, SW620, HCT116, LoVo, HT29, 
and normal human colon mucosal epithelial 
cells). The results showed that the expression 
level of miR-34a was significantly decreased in 
5 colon carcinoma cell lines compared with 
normal human colon mucosal epithelial cells 
(Figure 1B). 

miR-34a suppressed cell proliferation, inva-
sion and migration, promoted apoptosis in 
colon carcinoma cells

Given that miR-34a acts as a tumor suppressor 
in many kinds of cancers, we further studied 
here whether miR-34a has an effect on cell 
malignant phenotypes, i.e. growth and migra-
tion activity in colon cancer cells. After confirm-
ing miR-181a inhibitor could get a good activity 
for inhibiting miR-181a by PCR assays (Figure 
2A), the cell proliferation of colon carcinoma 
cells transfected with miR-34a inhibitor was 
detected by using MTT and colony formation 
assay respectively. Our data indicated that pro-
liferation of SW480 and SW620 cells were obvi-
ously increased when miR-34a knockdown 
detected from MTT test (Figure 2B and 2C) and 
colony formation assay (Figure 2D and 2E). 
Furthermore, the potential impact of miR-34a 
in colon carcinoma cells migration and invasion 
were explored by using transwell assay. As 
shown in Figure 2F and 2G, the migration was 
dramatically increased in SW480 and SW620 
cells transfected with miR-34a inhibitor. 
Counting the invaded cells further demonstrat-
ed that miR-34a acts as a suppressor miRNA 
and contributes to inhibition of migration and 
invasion in colon carcinoma cells (Figure 2H 
and 2I). In addition, SW480 and SW620 cells 
transfected with miR-34a mimic displayed sig-
nificant induction of apoptosis activity com-
pared with the control cells (Figure 2J and 2K). 
Based on the above results, we found that miR-
34a was involved in cell proliferation, invasion, 
migration and apoptosis activities in SW480 
and SW620 cells.

SYT1 is a direct target of miR-34a 

The computerized algorithms (TargetScan, 
Pictar and miRBase Targets) were used for pre-
dicting, and the result showed that miR-34a 
targets putatively was SYT1 (Figure 3A). Next, 
we employed the EGFP reporter assay to con-
firm that miR-34a directly regulates the SYT1 

expression. The alignment of miR-34a-SYT1 
sequence is illustrated (Figure 3B). First, the 
3’UTR of SYT1 was cloned into vector on the 
downstream of EGFP codon region. In addition, 
we constructed another vector muted three 
bases in the seed sequence of SYT1 3’UTR. 
The EGFP reporter assay showed that with wild-
type 3’UTR, the EGFP value was distinctly lower 
than mutants (Figure 3C), demonstrating the 
role of mature miR-34a on SYT1 mRNA. Based 
on the above data, we found that miR-34a 
could down-regulate SYT1 expression by direct-
ly binding to the specific sequence of SYT1 
3’UTR.

To further examine whether miR-34a depress-
es endogenous SYT1 expression, we transfect-
ed SW620 cells with miR-34a mimic or miR-
34a inhibitor, and detected the expression 
level of SYT1 mRNA and protein. The above 
data showed that overexpression of miR-34a 
reduced SYT1 mRNA (Figure 3D) and protein 
expression (Figure 3E and 3F). Conversely, the 
expression level of endogenous SYT1 mRNA in 
SW620 cells, which transfected with miR-34a 
inhibitor, was significantly increased (Figure 
3D) and the SYT1 protein level was also elevat-
ed (Figure 3E and 3F). All of these data showed 
that miR-34a directly inhibits the SYT1 
expression.

Knockdown of SYT1 inhibited growth, invasion, 
migration and induced apoptosis of colorectal 
cancer cells

To understand the effects of whether SYT1 
plays a functional role in colorectal cancer cells 
proliferation, invasion and apoptosis, we 
designed a series of experiments by using MTT 
assay, transwell assay, cell apoptosis assay 
and colony formation assay. Above all, SW480 
and SW620 cells were transfected with specific 
siRNA for targeting SYT1, which detected by 
using both PCR and western blot to verify SYT1 
knockdown (Figure 4A-C). Then, we detected 
the cell viability and proliferation by using MTT 
assay, which showed downexpression of SYT1 
significantly suppressed proliferative rate, as 
compared with the controls from day 3 (Figure 
4D and 4E). The similarly observed that cell 
proliferative rates were significantly decreased 
by using colony formation assay (Figure 4F and 
4H). At the same time, we were also aware that 
colon carcinoma cell migration was dramati-
cally decreased when transfected with si-SYT1 
(Figure 4H and 4I). As shown in Figure 4J and 
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Figure 2. miR-34a suppressed cell proliferation, migration and invasion, promoted apoptosis in colon carcinoma cells. (A) miR-34a inhibitor was used to achieve 
miR-34a inhibition which verified by RT-PCR; (B, C) MTT assay and (D, E) Colony formation assay was performed to determine the role of miR-34a on the prolifera-
tion activity in SW620 and SW480 cells; (F, G) The effects of miR-34a knockdown on the migration on SW620 and SW480 cells; (H, I) Matrigel invasion assay was 
performed to determine the effects of miR-34a knockdown on colon cancer cell invasion. (J, K) Cell apoptosis of SW620 and SW480 cells transfected with miR-34a-
mimic was detected. All data were analyzed by three independent experiments. *P < 0.05, and **P < 0.01 vs control.
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4K, a similar result also appears in invasion 
ability SW480 and SW620 cells transfected 
with si-SYT1. expression could distinctly pro-
mote apoptosis rate in colorectal cancer cells 
(Figure 4L and 4M). What was certain from the 
above research results was that SYT1 acts as a 
cancer-promoting gene and SYT1 knockdown 
contributes to inhibition of proliferation, migra-
tion and invasion in colon carcinoma cells and 
induced apoptosis, which are consistent with 
the role of miR-34a down-expression in both 
SW480 and SW620 cells.

SYT1 restoration rescued miR-34a mediated 
growth and inhibited cell apoptosis 

To confirm that the role of miR-34a on the cell 
proliferation, invasion, and apoptosis of colon 

carcinoma cells is regulated through SYT1, we 
constructed a pcDNA6.2/SYT1 vector contain-
ing the SYT1 ORF in the pcDNA6.2 vector with-
out the terminal 3’UTR to avoid the influence of 
miR-34a. Transfection in colon cancer cells 
with pcDNA6.2/SYT1 vector rescued the nega-
tive effects of miR-34a on SYT1 mRNA (Figure 
5A) and protein (Figure 5B and 5C). To further 
understand the effects of miR-34a further 
ascertain whether it play a function role in 
colon carcinoma cells proliferation, the MTT 
assay and colony formation assay were per-
formed. The data suggest that upexpression of 
SYT1 promote colon carcinoma cells prolifera-
tion (Figure 5D-F) and inhibition of cell apopto-
sis (Figure 5G), which could rescued by co-
transfected miR-34a with the pcDNA6.2/SYT1. 
The overexpression of SYT1 rescued the effect 

Figure 3. SYT1 is a direct 
target of miR-34a. A. Com-
plementary sequences of 
miR-34a-SYT1 were obtained 
from publicly available web-
sites. The mutant of SYT1 
3’UTR muted three bases 
was also shown; B. The po-
tential binding site of miR-
34a in SYT1 was predicted by 
using bioinformatic analyses; 
C. The EGFP reporter assay 
was employed to confirm the 
direct regulation of miR-34a 
on SYT1. D. RT-PCR assay 
was employed to detect the 
SYT1 level in SW620 cells 
transfected with miR-34a 
inhibitor or miR-34a mimic; 
E, F. Western blot was used 
to detect the protein level of 
SYT1 in SW620 cells. *P < 
0.05, and **P < 0.01 vs con-
trol.
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Figure 4. Knockdown of SYT1 inhibited growth, migration and inva-
sion, induced apoptosis of colorectal cancer cells. (A) si-SYT1 was 
used to achieve SYT1 inhibition which verified by RT-PCR; (B, C) si-
SYT1 was used to achieve SYT1 inhibition which verified by western 
blot; (D, E) MTT assay and (F, G) Colony formation assay was per-
formed to determine the role of SYT1 on the proliferation activity in 
SW620 and SW480 cells; (H, I) The effects of SYT1 knockdown on 
the migration on colon cancer cell; (J, K) Matrigel invasion assay was 
performed to determine the effects of SYT1 knockdown on colon can-
cer cell invasion; (L, M) Cell apoptosis of SW620 and SW480 cells 
transfected with si-SYT1 was detected. *P < 0.05, and **P < 0.01 
vs control.
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Figure 5. SYT1 restoration rescued miR-34a medi-
ated growth and inhibited cell apoptosis. (A) The 
mRNA and (B, C) protein expression of SYT1 in 
SW620 cell co-transfected with either miR-34a 
mimic or mimic-NC and pcDNA-SYT1 or pcDNA 
empty vector; (D) MTT assay, (E, F) Colony forma-
tion assay, and (G, H) cell apoptosis assays were 
used to detect the cell growth capacity, and cell 
apoptosis in SW620 cells transfected with either 
miR-34a mimic or mimic-NC and pcDNA-SYT1 or 
pcDNA empty vector; respectively. *P < 0.05, and 
**P < 0.01 vs control.
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of miR-34a on cell proliferation, and apoptosis 
of SW480 and SW620 cells.

Discussion

Over the past few decades, hundreds of human 
miRNAs have been shown to play significant 
roles in regulating endogenous gene expres-
sion through degradation or repression of 
mRNA translation. The family of miR-34, con-
taining miR-34a, b and c, has been found that 
they could regulate several cellular process, 
including proliferation, invasion and cell apop-
tosis [18-21]. Previous studies indicted that 
miR-34a was involved in diverse biological pro-
cesses and their dysregulation is a common 
event in various diseases including cancer, car-
diovascular diseases and neuropathology [22-
24]. Concurrently, miR-34a is considered to be 
a tumor suppressor, and its role has been wide-
ly reported in many malignancies such as squa-
mous cell carcinoma, hepatocellular carcino-
ma, osteosarcoma and endometrial cancer 
[22, 25, 26]. 

Wu et al showed that miR-34a inhibits prolifera-
tion, migration and invasion of colon cancer by 
targeting Fra-1 [27]. Liu F et al reported that 
miR-34a play an important role in colorectal 
cancer pathomechanism by targeting and regu-
lating Notch signaling [28]. Furthermore, it was 
demonstrated that miR-34a reveals a critical 
role in tumor cellular responses to chemothera-
peutic agents, and may provide a potential tar-
get for colon cancer therapy [29]. Our recent 
study found that miR-34a is downregulated in 
colorectal cancer, suggesting that inhibition of 
this microRNA may partly play an important role 
in the cellular growth of colorectal cancer cells. 
We also found that miR-34a inhibited prolifera-
tion, invasion and migration, nevertheless 
induces cell apoptosis of SW620 and SW480 
cells. The current study demonstrated that miR-
34a was also able to a tumor suppressor, which 
functionally mediated cell growth, migration, 
invasion and apoptosis in colon cancer cells.

miRNAs regulate their targets by interacting 
with the gene mRNAs 3’UTR. Computer algo-
rithm, based on the base pairing of miRNA-
mRNA, have been widely used to predict the 
targets. The websites, TargetScan, and miR-
Base, were employed to predict putative miR-
34a target gene [30, 31]. Based on these web-
sites, SYT1 has been predicted to be the target 

of miR-34a. We further employed an EGFP fluo-
rescence assay to confirm whether miR-34a 
could inhibit the activity of a transcript contain-
ing the SYT1 3’UTR. To further explore if miR-
34a inhibits endogenous SYT1 expression in 
colorectal cancer cells, we used RT-PCR and 
western blots assays to determine SYT1 mRNA 
and protein levels in colorectal adenocarcino-
ma cells, respectively. These results showed 
that SYT1 is a miR-34a target in colon cancer 
cells. 

SYT1 (synaptotagmin I) on 12q21.2, which was 
an integral membrane protein contained struc-
tural rearrangements with three different genes 
and is possibly part of a ring chromosome, 
played an important role in synovial sarcomas 
[17]. Nord et al, used a 32K BAC array, and 
found that SYT1 was a novel oncogene in glio-
blastoma [32]. Also, Zhu H et al provided impor-
tant insights into the understanding of the 
molecular genetic basis for in colon cancer and 
indicated SYT1 serve as a novel markers in 
colon cancer [33]. While the precise role of 
SYT1 in cancer was still unclear, and this gene 
is prone to breakage was demonstrated by 
presence of multiple chromosomal rearrange-
ments within it [17]. Therefore, more institu-
tional studies were needed to further elucidate 
the potential role of SYT1 in cancer.

Herein, our findings reveal a relationship be- 
tween miRNAs and SYT1 in colon cancer cells. 
Knockdown of SYT1 suppresses the growth of 
SW480 and SW620 colon cancer cells, which is 
consistent with the results of miR-34a overex-
pression. Overexpression of SYT1 rescues the 
growth inhibition in SW480 and SW620 cells 
caused by miR-34a. Thus, the low expression 
of miR-34a in colorectal adenocarcinoma cells 
leads to an ectopic high expression of the onco-
gene SYT1, resulting in cell proliferation, migra-
tion, and invasion. In addition, SYT1 is respon-
sible for stabilizing the ER network [34]. We 
found that abnormal expression of SYT1 inhib-
ited cell apoptosis and overexpression of SYT1 
rescues cell apoptosis caused by miR-34a in 
colon cancer cells In conclusion, we demon-
strated that STY1 functions as a oncogene in 
colorectal cancer, which is under-regulated by 
miR-34a.

In brief, we have demonstrated that miR-34a 
expression is downregulated in colon carcino-
ma cells, and that miR-34a inhibits colony for-
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mation, proliferation, migration, invasion and 
induce cell apoptosis by targeting SYT1. These 
results suggest that miR-34a could have a  
significant role in tumorigenesis by inhibition of 
SYT1. The elucidation of the mechanisms of 
miR-34a in colon carcinoma helps us to under-
stand the mechanism of colon carcinoma 
progression.

Disclosure of conflict of interest

None.

Address correspondence to: Jinxin Liu, Depart- 
ment of Gastrointestinal Surgery, The First People’s 
Hospital of Nanning, No.89, Qixing Road, Qingxiu 
District, Nanning 530022, Guangxi Zhuang Auto- 
nomous Region, China. E-mail: liujinxin_nfph@163.
com

References

[1]	 Meyerhardt JA, Mayer RJ. Systemic therapy for 
colorectal cancer. N Engl J Med 2005; 352: 
476-487.

[2]	 Zhang S, Cui Y, Weng Z, Gong X, Chen M, Zhong 
B. Changes on the disease pattern of primary 
colorectal cancers in southern China: a retro-
spective study of 20 years. Int J Colorectal Dis 
2009; 24: 943-949.

[3]	 Bartel DP. MicroRNAs: target recognition and 
regulatory functions. Cell 2009; 136: 215-33. 

[4]	 Wang XP, Zhou J, Han M, Chen CB, Zheng YT, 
He XS, Yuan XP. MicroRNA-34a regulates liver 
regeneration and the development of liver can-
cer in rats by targeting Notch signaling path-
way. Oncotarget 2017; 8: 13264-13276.

[5]	 Xiang ZL, Zhao XM, Zhang L, Yang P, Fan J, 
Tang ZY, Zeng ZC. MicroRNA-34a expression 
levels in serum and intratumoral tissue can 
predict bone metastasis in patients with hepa-
tocellular carcinoma. Oncotarget 2016; 7: 
87246-87256.

[6]	 Mansoori B, Mohammadi A, Shirjang S, 
Baradaran B. HMGI-C suppressing induces 
P53/caspase9 axis to regulate apoptosis in 
breast adenocarcinoma cells. Cell Cycle 2016; 
15: 2585-2592. 

[7]	 Chen YM, Liu Y, Wei HY, Lv KZ, Fu PF. Large in-
tergenic non-coding RNA-ROR reverses gem-
citabine-induced autophagy and apoptosis in 
breast cancer cells. Oncotarget 2016; 7: 
59604-59617. 

[8]	 Jang E, Kim E, Son HY, Lim EK, Lee H, Choi Y, 
Park K, Han S, Suh JS, Huh YM, Haam S. 
Nanovesicle-mediated systemic delivery of mi-
croRNA-34a for CD44 overexpressing gastric 
cancer stem cell therapy. Biomaterials 2016; 
105: 12-24. 

[9]	 Zhao Y, Tu MJ, Wang WP, Qiu JX, Yu AX, Yu AM. 
Genetically engineered pre-microRNA-34a pro-
drug suppresses orthotopic osteosarcoma xe-
nograft tumor growth via the induction of 
apoptosis and cell cycle arrest. Sci Rep 2016; 
6: 26611. 

[10]	 Pu Y, Zhao F, Wang H, Cai W, Gao J, Li Y, Cai S. 
MiR-34a-5p promotes the multi-drug resis-
tance of osteosarcoma by targeting the CD117 
gene. Oncotarget 2016; 7: 28420-28434. 

[11]	 Wang J, Wang H, Liu A, Fang C, Hao J, Wang Z. 
Lactate dehydrogenase a negatively regulated 
by miRNAs promotes aerobic glycolysis and is 
increased in colorectal cancer. Oncotarget 
2015; 6: 19456-19468.

[12]	 Wang L, Bu P, Ai Y, Srinivasan T, Chen HJ, Xiang 
K, Lipkin SM, Shen X. A long non-coding RNA 
targets microRNA miR-34a to regulate colon 
cancer stem cell asymmetric division. Elife 
2016; 5.

[13]	 Sun H, Lin DC, Guo X, Kharabi Masouleh B, 
Gery S, Cao Q, Alkan S, Ikezoe T, Akiba C, Pa-
quette R, Chien W, Müller-Tidow C, Jing Y, 
Agelopoulos K, Müschen M, Koeffler HP. Inhibi-
tion of IRE1α-driven pro-survival pathways is a 
promising therapeutic application in acute my-
eloid leukemia. Oncotarget 2016; 7: 18736-
18749.

[14]	 Vergani E, Di Guardo L, Dugo M, Rigoletto S, 
Tragni G, Ruggeri R, Perrone F, Tamborini E, 
Gloghini A, Arienti F, Vergani B, Deho P, De Ce-
cco L, Vallacchi V, Frati P, Shahaj E, Villa A, San-
tinami M, De Braud F, Rivoltini L, Rodolfo M. 
Overcoming melanoma resistance to vemu-
rafenib by targeting CCL2-induced miR-34a, 
miR-100 and miR-125b. Oncotarget 2016; 7: 
4428-4441. 

[15]	 Cosco D, Cilurzo F, Maiuolo J, Federico C, Di 
Martino MT, Cristiano MC, Tassone P, Fresta M, 
Paolino D. Delivery of miR-34a by chitosan/
PLGA nanoplexes for the anticancer treatment 
of multiple myeloma. Sci Rep 2015; 5: 17579.

[16]	 Han Z, Zhang Y, Yang Q, Liu B, Wu J, Zhang Y, 
Yang C, Jiang Y. miR-497 and miR-34a retard 
lung cancer growth by co-inhibiting cyclin E1 
(CCNE1). Oncotarget 2015; 6: 13149-13163.

[17]	 Ito T, Ouchida M, Ito S, Jitsumori Y, Morimoto Y, 
Ozaki T, Kawai A, Inoue H, Shimizu K. SYT, a 
partner of SYT-SSX oncoprotein in synovial sar-
comas, interacts with mSin3A, a component of 
histone deacetylase complex. Lab Invest 2004; 
84: 1484-1490.

[18]	 Zhang L, Liao Y, Tang L. MicroRNA-34 family: a 
potential tumor suppressor and therapeutic 
candidate in cancer. J Exp Clin Cancer Res 
2019; 38: 53. 

[19]	 Bu P, Wang L, Chen KY, Srinivasan T, Murthy 
PK, Tung KL, Varanko AK, Chen HJ, Ai Y, King S, 
Lipkin SM, Shen X. A miR-34a-Numb feed-for-
ward loop triggered by inflammation regulates 
asymmetric stem cell division in intestine and 

mailto:liujinxin_nfph@163.com
mailto:liujinxin_nfph@163.com


miR-34a suppresses colon carcinoma

2897	 Int J Clin Exp Pathol 2019;12(8):2887-2897

colon cancer. Cell Stem Cell 2016; 18: 189-
202.

[20]	 Majid S, Dar AA, Saini S, Shahryari V, Arora S, 
Zaman MS, Chang I, Yamamura S, Tanaka Y, 
Chiyomaru T, Deng G, Dahiya R. MicroRNA-34b 
inhibits prostate cancer through demethyl-
ation, active chromatin modifications and AKT 
pathways. Clin Cancer Res 2013; 19: 73-84. 

[21]	 Achari C, Winslow S, Ceder Y, Larsson C. Ex-
pression of miR-34c induces G2/M cell cycle 
arrest in breast cancer cells. BMC Cancer 
2014; 14: 538. 

[22]	 Zhao Y, Wang X. miR-34a targets BCL-2 to sup-
press the migration and invasion of sinonasal 
squamous cell carcinoma. Oncol Lett 2018; 
16: 6566-6572. 

[23]	 Wang H, Jin Z, Pei T, Song W, Gong Y, Chen D, 
Zhang L, Zhang M, Zhang G. LncRNA C2dat1 
enhances vascular smooth muscle cell prolif-
eration and migration by targeting MiR-34a-
5p. J Cell Biochem 2019; 120: 3001-3008.

[24]	 Chua CEL, Tang BL. miR-34a in neurophysiolo-
gy and neuropathology. J Mol Neurosci 2019; 
67: 235-246.

[25]	 Jurcevic S, Klinga-Levan K, Olsson B, Ejeskar 
K. Verification of microRNA expression in hu-
man endometrial adenocarcinoma. BMC Can-
cer 2016; 16: 261.

[26]	 Hu B, Tang WG, Fan J, Xu Y and Sun HX. Dif-
ferentially expressed miRNAs in hepatocellular 
carcinoma cells under hypoxic conditions are 
associated with transcription and phosphory-
lation. Oncol Lett 2018; 15: 467-474.

[27]	 Wu J, Wu G, Lv L, Ren YF, Zhang XJ, Xue YF, Li 
G, Lu X, Sun Z, Tang KF. MicroRNA-34a inhibits 
migration and invasion of colon cancer cells 
via targeting to Fra-1. Carcinogenesis 2012; 
33: 519-528. 

[28]	 Zhang X, Ai F, Li X, Tian L, Wang X, Shen S, Liu 
F. MicroRNA-34a suppresses colorectal cancer 
metastasis by regulating Notch signaling. On-
col Lett 2017; 14: 2325-2333.

[29]	 Li Y, Gong P, Hou JX, Huang W, Ma XP, Wang YL, 
Li J, Cui XB, Li N. miR-34a regulates multidrug 
resistance via positively modulating OAZ2 sig-
naling in colon cancer cells. J Immunol Res 
2018; 2018: 7498514. 

[30]	 Kozomara A, Griffiths-Jones S. miRBase: anno-
tating high confidence microRNAs using deep 
sequencing data. Nucleic Acids Res 2014; 42: 
D68-D73.

[31]	 Agarwal V, Bell GW, Nam J, Bartel DP. Predict-
ing effective microRNA target sites in mamma-
lian mRNAs. Elife 2015; 4.

[32]	 Nord H, Hartmann C, Andersson R, Menzel U, 
Pfeifer S, Piotrowski A, Bogdan A, Kloc W, 
Sandgren J, Olofsson T, Hesselager G, 
Blomquist E, Komorowski J, von Deimling A, 
Bruder CE, Dumanski JP, Díaz de Ståhl T. Char-
acterization of novel and complex genomic ab-
errations in glioblastoma using a 32K BAC ar-
ray. Neuro Oncol 2009; 11: 803-18. 

[33]	 Zhu H, Wu TC, Chen WQ, Zhou LJ, Wu Y, Zeng L, 
Pei HP. Screening for differentially expressed 
genes between left- and right-sided colon car-
cinoma by microarray analysis. Oncol Lett 
2013; 6: 353-358.

[34]	 Siao W, Wang P, Voigt B, Hussey PJ, Baluska F. 
Arabidopsis SYT1 maintains stability of cortical 
endoplasmic reticulum networks and VAP27-
1-enriched endoplasmic reticulum-plasma 
membrane contact sites. J Exp Bot 2016; 67: 
6161-6171.


