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Abstract It has been reported that miR-615-5p was upreg-
ulated in hepatocellular carcinoma (HCC) preventing both
growth and migration. However, the underlying mechanism
by which miR-615-5p played a role in HCC remains un-
known. Here, in our present study, to investigate the mech-
anism of miR-615-5p, bioinformatic prediction and lucifer-
ase reporter assay were employed to ascertain the down-
stream target of miR-615-5p finding that the serine
hydromethyltransferase 2 (SHMT2) was the direct down-
stream target. Knockdown or overexpression of miR-615-
5p can lead to increasing or decreasing expression of
SHMT2 in HCC cells. Besides, knockdown or overexpres-
sion of SHMT2 can suppress or promote both proliferation
and migration of HCC cells, indicating that miR-615-5p can
directly and negatively regulate the SHMT2 in HCC cells. In

addition, to understand the clinicopathological significance
of SHMT2 expression in HCC, immunohistochemistry was
performed. It was found that SHMT2 expression was signif-
icantly associated with poor prognosis and TNM stage. To-
gether, our results for the first time showed that miR-615-5p
prevents proliferation and migration through negatively reg-
ulating SHMT2 in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a highly lethal cancer,
which has been ranked as the fifth most common malignancy
and the third leading cause of cancer-related mortality world-
wide [1]. Despite the tremendous progress in diagnosis and
multimodality treatment in the past decades, the prognosis of
HCC patients remains gloomy, mainly because of its high
recurrent [2] and metastatic rate [3]. Therefore, there is an
urgent need to unravel the molecular mechanism by which
how HCC cells metastasize and grow.

To date, numerous studies have found that microRNAs
(miRs) have been involved and played an important role
in the carcinogenesis of HCC [4, 5], with some miRs
being upregulated and others downregulated in HCC. De-
spite some miRs overexpressed in cancer tissues may be
usually as oncogenes to promote tumorigenesis and others
downregulated in cancer tissues may have a tumor sup-
pressive role, it is not necessarily the case. Take miR-615-
5p for example. miR-615-5p has been reported to be
overexpressed in HCC tissues and cell lines compared
with normal controls; however, whose overexpression al-
leviated both the proliferation and migration of HCC cells
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in vitro [6], indicating the tumor suppressor role in HCC
[6–8]. Given the rather limited data regarding miR-615-5p
in the setting of HCC, the molecular mechanism by which
miR-615-5p plays a role in HCC remains unknown.

In our study, our bioinformatics analysis found that serine
hydromethyltransferase 2 (SHMT2) was a novel downstream
target of miR-615-5p. To explore the relationship between
miR-615-5p and SHMT2, we performed relevant experiments
in the following present study.

Materials and methods

Clinical tissues

The present study was approved by the Medical Ethics
Committee of Jiangsu Cancer Hospital, the Affiliated
Cancer Hospital of Nanjing Medical University. One hun-
dred cases of HCC and paired normal control tissues were
collected and retrieved from the Department of General
Surgery in Jiangsu Cancer Hospital. Signed informed con-
sents were obtained from all subjects involved. None of
the recruited patients received treatment before surgery
and for all patients whose clinical-pathological informa-
tion was available. Representative hematoxylin and eosin
(H&E)-stained slides from each patient were retrospec-
tively reviewed blindly and separately by two patholo-
gists. All fresh tissues were separately excised by experi-
enced pathologists and were frozen in liquid nitrogen
within 30 min after surgery and stored at −80 °C until
analysis.

Cell culture

The human HCC cell lines HepG2, Hep3B, Huh1, Huh7, and
HLE as well as normal human liver epithelial cell line THLE3
were all obtained from American Type Culture Collection
(ATCC; Manassas, VA, USA). These cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,
Carlsbad, CA, USA) supplemented with 10 % fetal bovine
serum (FBS) and penicillin/streptomycin in a humidified in-
cubator at 37 °C with an atmosphere of 5 % CO2, unless
otherwise stated. Transfection was performed with Lipofecta-
mine 2000 (Invitrogen, Carlsbad, CA, USA) following the
manufacturer’s guidance.

Small interfering RNA and shRNA

Both miR-615-5p mimics and inhibitor sequences were de-
signed and synthesized by Genepharm company (Genepharm,
Shanghai, China), so did SHMT2. All the small interference
RNA (siRNA) sequences against SHMT2 and scramble

control as well as miR-615-5p mimics and inhibitor sequences
are listed in Supplementary Table 1.

Real-time quantitative reverse transcription PCR

Total RNA of the cultured cells was prepared using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA). The quality and
quantity of RNAwas determined using a NanoDrop® ND-
1000 spectrophotometer (Thermal Fisher, Wilmington,
DE, USA). Reverse transcription (RT) was performed
using random primers of the SuperScript III First-Strand
Synthesis SuperMix kit (Invitrogen, Carlsbad, CA, USA),
following the manufacture’s protocols. All the samples
were tested with SYBR Green PCR Master Mix (Takara,
Dalian, China). U6 expression was assayed for normaliza-
tion, and miR-615-5p relative gene expression determina-
tions were determined using the comparative delta-delta
CT method (2−ΔΔCT) using IQ5 software. The expression
of miR-615-5p was normalized with U6. Both the primers
involved were designed and synthesized by Shangong
company (Shangong, Shanghai, China). All the primers
are listed in Supplementary Table 1.

Luciferase reporter assay

HLE and HepG2 cells were maintained in a 24-well plate and
co-transfected with miR-615-5p mimics or mutation scramble
and pMirTarget-SHMT2-3 ′-UTR-WT or pMirTarget-
SHMT2-3′-UTR-MT (OriGene, USA). Forty-eight hours lat-
er, cell lysates were prepared and the relative dual-luciferase
activity was examined with the Dual-Luciferase Reporter As-
say System (Promega, WI, USA).

Methylthiazolyl blue tetrazolium

Cell viability was examined using the methylthiazolyl blue
tetrazolium (MTT) assay (Shangong, Shanghai, China),
according to the standard protocol after transfection for
24, 48, 72, and 96 h. Huh7 and HepG2 cells were plated
in 96-well plates at a density of 5×103 cells/well. After
transfection, cell proliferation was assessed. Cells were in-
cubated for 4 h in 20 μL MTT at 37 °C. The color was
developed by incubating the cells in 150 μL dimethyl sulf-
oxide (DMSO); the absorbance was detected at 490 nm
wavelength. The data were obtained from three indepen-
dent experiments.

Wound healing assay

Cell migration ability was calculated using the wound healing
assay. HCC cells were plated in a 6-well plate at a concentra-
tion of 4×105 cells/well and allowed to form a confluent
monolayer for 24 h. After the transfection, the monolayer
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was scratched with a sterile pipette tip (10 μL), washed with
serum-free medium to remove floated and detached cells, and
photographed (time 0 and 48 h) using an inversion fluores-
cence microscope (Olympus, Japan).

Western blot

Cell lysates were prepared in RIPA lysis buffer (BioTeke,
Beijing, China). Equal amount of total cell lysates was
separated by 10 % SDS-PAGE and transferred to PVDF
membranes incubated with primary antibodies against
SHMT2 (no. 12762; Cell Signaling Technology, USA)
and β-actin (sc-47778; Santa Cruz, CA, USA) overnight.
Membranes were subsequently probed with AP-conjugated
secondary antibodies, the blots were visualized with
chemiluminescence with SuperSignal West Femto Chemi-
luminescent Substrate (Thermo Scientific, USA), and im-
ages were captured with a Bio-Rad camera system (Bio-
Rad, USA).

Immunohistochemistry

H&E-stained slides and unstained slides for immunohisto-
chemical analysis were prepared from formalin-fixed,
paraffin-embedded blocks of HCC tissues. Immunohisto-
chemical stains were performed using heat-induced epitope
retrieval, an avidin-biotin complex method. The rabbit
anti-SHMT2 antibody (TA327002; OriGene, USA) was
diluted with 1:200 following the recommendation. The
sections were evaluated by light microscopic examination,
and cellular localization of the protein and immunostaining
level in each section were assessed by two pathologists.
The staining patterns were scored as follows: negative,
represented as –; weak (less than 30 % of cells with posi-
tive staining), represented as +; moderately positive (more
than 30 % but less than 60 % of cells with positive stain-
ing), represented as ++; and strongly positive (more than
60 % of cells with positive staining), represented as +++,
according to the signal intensity. Both negative and weak
immunostaining were categorized into low expression,
whereas moderate and strong staining were categorized
into high expression.

Statistics

All the results were expressed as mean±standard deviation
(SD) based on at least three independent experiments. Statis-
tical analysis was performed using SPSS 17.0 (SPSS, Chica-
go, IL, USA). For statistical comparisons, independent t test
was employed. p value less than 0.05 was considered to be
statistically significant, whereas it is taken to be extremely
significant when p value was less than 0.01.

Results

miR-615-5p was markedly upregulated in HCC tissues
and prevents both growth and migration of HCC cells

Having been reported to be overexpressed in HCC, the ex-
pression level of miR-615-5p was confirmed first of all in our
study. Quantitative reverse transcription PCR (qRT-PCR) re-
sult reproduced that miR-615-5p was significantly upregulat-
ed in HCC tissues compared with paired normal control tis-
sues (Fig. 1a). Moreover, we have also analyzed the clinico-
pathological significance of miR-615-5p expression. It was
found that miR-615-5p was significantly and negatively asso-
ciated with metastasis and TNM stage (Supplementary
Table 2). To investigate the biological role of miR-615-5p
in HCC cells, a panel of HCC cell lines was employed with
miR-615-5p being different basal levels (Fig. 1b). To confirm
the role in the proliferation and migration of HCC cells that
has been scarcely reported, both MTT and wound healing
assay were carried out. On the basis of successful knockdown
or overexpression of miR-615-5p by transfection with miR-
615-5p inhibitor or its mimics (Supplementary Fig. 1), MTT
results showed that knockdown of miR-615-5p can remark-
ably promote the proliferation in Huh7 (Fig. 1c) and HepG2
(Fig. 1d) cells where an endogenous level of miR-615-5p was
relatively higher (Fig. 1b), whereas re-expression of miR-615-
5p can significantly suppress the proliferation in HLE cells
where a basal level of miR-615-5p was comparatively higher
(Fig. 1e), suggesting that miR-615-5p can prevent the growth
of HCC cells. Meanwhile, wound healing assay found that
knockdown or overexpression of miR-615-5p can significant-
ly promote or prevent the migration of HCC cells (Fig. 1f, g),
confirming that miR-615-5p can prevent the migration of
HCC cells.

SHMT2 was directly and negatively regulated
by miR-615-5p

To understand how miR-615-5p promoted both growth and
migration in HCC cells, we found using two different online
bioinformatics prediction tools (www.microrna.org [9] and
www.targetscan.com [10]) that SHMT2 can be a
downstream target of miR-615-5p (Fig. 2a), followed by ver-
ification using the luciferase reporter assay (Fig. 2b). To make
clear the endogenous expression level of SHMT2 in the panel
of HCC cell lines involved, western blot was employed
(Fig. 2c). To confirm the regulatory relationship between
miR-615-5p and SHMT2, the expression variation of SHMT2
was detected after ectopic expression of miR-615-5p in
HepG2, Huh7, and HLE whose basal level of miR-615-5p
was starkly in contrast (Fig. 2d–f). It can be seen that miR-
615-5p was able to directly and negatively regulate SHMT2
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expression in HCC cells, indicating that SHMT2 was a direct
and negative downstream target of miR-615-5p.

SHMT2 can promote proliferation and migration in HCC
cells

To investigate the biological role of SHMT2 in HCC cells,
both loss-of-function and gain-of-function strategies were
employed. First of all, on the basis of successful knock-
down of SHMT2 on mRNA (Supplementary Fig. 3) and
protein level (Fig. 3a, b), both MTT and wound healing
assay were carried out to explore the biological role of
SHMT2 in the proliferation and migration of HCC cells.

MTT assay showed that knockdown of SHMT2 was mark-
edly capable of preventing (Fig. 3c, d) the proliferation.
Wound healing assay showed that knockdown of SHMT2
can significantly inhibit (Fig. 3e–h) the migratory ability,
suggesting that SHMT2 was able to promote both prolifer-
ation and migration in HCC cells. To further validate
whether or not miR-615-5p and SHMT2 were in the same
axis, we performed the rescue experiment after knockdown
of SHMT2 with miR-615-5p inhibitor in HLE and Huh1
cells. It can be seen that transfection of miR-615-5p inhib-
itor can entirely rescue the phenotype after knockdown of
SHMT2, in terms of both expression and proliferation
(Supplementary Fig. 4).

Fig. 1 miR-615-5p was markedly upregulated in HCC tissues and
prevents both growth and migration of HCC cells. a miR-615-5p was
significantly upregulated in HCC tissues (90 cases) as compared with
paired normal control tissues (90 cases), as exemplified by qRT-PCR. b
The basal expression status of miR-615-5p in HCC cell lines (HepG2,
Hep3B, Huh1, Huh7, and HLE) as well as normal human liver epithelial
cell line (THLE3), detected by qRT-PCR. c In Huh7 cells where the basal
level of miR-615-5p was comparatively higher, the proliferative variation
of Huh7 was evaluated after transfection with miR-615-5p as well as
siRNA scramble sequence. d Similarly, as did in Huh7, proliferative
variation of HepG2 where the basal level of miR-615-5p was also
comparatively higher was assayed after transfection with miR-615-5p
as well as siRNA scramble sequence. e In parallel, the proliferation of

HLE was detected using the MTT assay after being artificially upregulat-
ed. f The qualitative assay of migratory variations of Huh7, HepG2 cells
transfected with miR-615-5p scramble and inhibitor, and HLE cells
transfected with miR-615-5p scramble and mimics. g The quantitative
assay of wound healing of the HCC cell line Huh7, HepG2 cells
transfected with miR-615-5p inhibitor, and HLE cells transfected with
miR-615-5p mimics. All the experiments were done independently in
triplicate, similar results were obtained, and representative figures are
shown here. Independent sample t test was employed to analyze the
statistical significance between the two groups, and one-way ANOVA
was used to compare the statistical significance among the three groups.
*p<0.05; **p<0.01; ***p<0.001, in comparison with the control group
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SHMT2 was significantly overexpressed in HCC tissues

To understand the expression status of SHMT2 in HCC tis-
sues, IHC was conducted with HCC tissue microarray. It was
discovered that SHMT2was significantly upregulated in HCC
tissues (Fig. 4) in comparison with paired normal control tis-
sues (Supplementary Fig. 3). Next, to make clear the clinico-
pathological significance of SHMT2 expression in HCC, we
have analyzed the statistical association between SHMT2 ex-
pression and clinicopathological parameters. It was found that
overexpression of SHMT2 was significantly associated with
metastasis (Table 1).

SHMT2 was significantly associated with poor prognosis

To analyze the association between SHMT2 expression and
overall prognosis, Kaplan-Meier survival analysis was per-
formed. It was found that overexpression of SHMT2 was re-
markably associated with overall poor prognosis (Fig. 5a),
suggesting that SHMT2 could be used as a potential prognos-
tic biomarker for patients diagnosed with HCC. The Kaplan-
Meier survival curves for the progression-free survival (PFS)
showed that the SHMT2-positive patients tended to have a

poorer PFS than the SHMT2-negative patients, although the
difference between the two groups was not significant. No
difference in PFS was observed between the two groups
(Fig. 5b).

Discussion

In our present study, we for the first time found that it is
through targeting SHMT2 that miR-615-5p prevents both pro-
liferation and migration in HCC cells and that overexpression
of SHMT2 was not only able to promote both growth and
migration in HCC cells but also was significantly associated
with metastasis and poor prognosis in HCC tissues, suggest-
ing that SHMT2 could be used as a potential prognostic bio-
marker in HCC.

The original report regarding miR-615 in the setting of
malignant tumor came from prostate cancer [11], in which
miR-615 was mentioned and found to be epigenetically acti-
vated in prostate cancer cells. Later, El Tayebi HM and col-
leagues for the first time detected and found that despite miR-
615-5p was overexpressed both in HCC cell lines and tissues
compared with corresponding normal controls where miR-

Fig. 2 SHMT2 was directly and negatively regulated by miR-615-5p. a
Bioinformatics prediction that SHMT2 was a putative downstream target
of miR-615-5p, using online software (www.microrna.org and www.
targetscan) independently and respectively. b Luciferase reporter assay
was used to confirm that SHMT2 was the downstream target of miR-615-
5p. c The basal expression status of SHMT2 in HCC cell lines HepG2,
Hep3B, Huh1, Huh7, and HLE as well as normal human liver epithelial
cell line THLE3, detected by western blotting. The molecular weight of
SHMT2 was indicated at 55 kDa according to the instruction of primary
antibody against SHMT2. β-Actin was 46 kDa. Fifty micrograms of the
total protein was loaded per lane, and the exposure time was 60 s. d
Expression variation of SHMT2 in HepG2 cells after downregulation of

miR-615-5p by transfection with miR-615-5p inhibitor as compared with
control. e Similarly, as did in HepG2 cells, the expression variation of
SHMT2 in Huh7 was detected after being transfected with miR-615-5p
inhibitor. f In parallel, the expression variation of SHMT2 in HLE was
detected after being overexpressed of miR-615-5p. All the experiments
were done independently in triplicate, similar results were obtained, and
representative figures are shown here. Independent sample t test was
employed to analyze the statistical significance between the two groups,
and one-way ANOVA was used to compare the statistical significance
among the three groups. *p<0.05; **p<0.01; ***p<0.001, in
comparison with the control group
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615-5p was hardly detectable, actually, it can prevent both the
growth and migration of HCC cells in vitro [6], indicating its
tumor suppressor roles in HCC. What is consistent with the
role of miR-615-5p in HCC is that miR-615-5p was discov-
ered to be epigenetically inactivated and plays a role as a
tumor suppressor in pancreatic ductal adenocarcinoma
through negative regulation of insulin-like growth factor 2
(IGF2) [7], whereas Jiang Y et al. found that miR-615-5p
can be negatively regulated by the CDX2 gene in pancreatic
ductal adenocarcinoma [12]. Meanwhile, in another similar
study in pancreatic ductal adenocarcinoma, miR-615-5p was
confirmed as a tumor suppressor in the proliferation,

migration, and invasion through negative regulation of the
AKT2 gene [13]. Besides, the miR-615-5p/IGF2 axis was
found to be negatively regulated by PU.1 in HCC [8]. In the
present study, first of all, we have confirmed the expression
status of miR-615-5p using a qRT-PCR technique and found
that miR-615-5p was significantly upregulated in HCC tissues
and cell lines, which was entirely supported by and in agree-
ment with a previous report by El Tayebi HM et al., in HCC
[6]. In terms of the expression status of miR-615-5p in HCC
tissues compared with normal control, both our study and that
of El Tayebi HM et al. [6] were entirely in contrast with that in
pancreatic ductal adenocarcinoma [7, 13] where miR-615-5p

Fig. 3 SHMT2 can promote proliferation and migration in HCC cells. a
SHMT2was knocked down by transfectionwith siRNAs against SHMT2
and siRNA scramble, as negative control, in HLE cells. b Similarly,
SHMT2 was knocked down using siRNAs against SHMT2 and siRNA
scramble in Huh1 cells. c On the basis of successful knockdown of
SHMT2, proliferative ability was evaluated using the MTT assay in
HLE cells. d As did in HLE cells, proliferation of Huh1 was assayed
using MTT methods. e On the ground of successful knockdown of
SHMT2 in HLE, migratory variations of HLE were detected using the
wound healing assay. f As did in HLE, the migration variation of Huh1

was assayed with the wound healing assay in the absence of serum at 0
and 48 h, respectively. g Quantitative assay of wound healing experiment
of HLE cells. h Quantitative assay of wound healing experiment of Huh1
cells. All the experiments were done independently in triplicate, similar
results were obtained, and representative figures are shown here.
Independent sample t test was employed to analyze the statistical
significance between the two groups, and one-way ANOVA was used
to compare the statistical significance among the three groups.
*p<0.05; **p<0.01; ***p<0.001, in comparison with the control group
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was detected as significantly overexpressed in normal tissues
in comparison with cancer tissues. Furthermore, in in vitro
HCC cell lines, we for the first time found that SHMT2 was
a novel downstream target that was able to be directly and
negatively regulated by miR-615-5p, which was distinctively
different from previous reports. Given the inconsistency be-
tween the expression level of miR-615-5p and its reported role
as a tumor suppressor in HCC, there may be two possibilities
from both two aspects. First of all, the inconsistency may be
associated with the way the miR-615-5p was evaluated by

qRT-PCR on the messenger RNA level. The total RNA was
extracted using TRIzol reagent on the ground of total block of
clinical tissue, which is to say that the whole block of clinical
tissue to be detected histologically includes various types of
mixture of cells, which could seriously contaminate the tumor
cells where miR-615-5p was. Considering that the spatial-
temporal specificity of microRNA (miRNA) expression and
function, no wonder that miRNA that was found to play a
tumor-suppressing role was unexpectedly observed to be up-
regulated in tumor tissues, whereas miRNA that was supposed
to be upregulated in tumor tissues owing to its observed
tumor-promoting role, actually, was found to be downregulat-
ed in tumor tissues compared with paired normal control tis-
sues; therefore, given the disadvantage of qRT-PCR in the
evaluation of miRNA, in situ hybridization approach may be
more appropriate and complementary to qRT-PCR that is re-
gardless of specific tissue architecture; secondly, in addition to
the technical aspect, the gene miR-615-5p as such deserves
consideration. It is well established that any tumor-
suppressing gene whose expression level could be remarkably
elevated in tumor tissues after mutation takes place. As a clas-
sical example, the elevated tumor suppressor gene p53, also
aliased for TP53, in cancerous tissues was usually taking the
form of mutational TP53 rather than wild-type TP53. The
possibility might also apply to miR-615-5p. We cannot rule
out the possibility that mutation takes place in miR-615-5p we
have detected, and moreover, we are not sure whether the
qRT-PCR amplified in our study is wild type or mutational,
which left to be confirmed by DNA sequencing. Given above,
both the two aspects could potentially lead to the phenomenon
that miR-615-5p, despite a suppressing tumor, was found to
be upregulated in HCC tissues.

Fig. 4 SHMT2 was significantly upregulated in HCC tissues.
Immunohistochemistry of SHMT2 was carried out with primary antibody
(TA327002; OriGene, USA) against SHMT2 on HCC tissue microarray.
The antibody was diluted at 1:200 following the recommendation of the
manufacturer. The positive immunostaining of SHMT2 was mainly
sublocalized both cytoplasmically and membraneously. The upper panel
represents the macroscopic view of HCC tissue microarray whose
magnification was 100-fold; the lower panel was the magnified at 400-
fold where the red boxed in the upper panel

Table 1 Correlation was
analyzed between SHMT2
expression and clinicopathologic
parameters of HCC

Characteristics No. SHMT2 expression χ2 P

Low (n) High (n)

Paired normal tissues 78 67 11 35.540 0.000
HCC 86 35 51

Gender Male 64 37 27 1.009 0.315
Female 22 10 12

Age (years) >60 57 30 27 0.278 0.598
≤60 29 17 12

Clinical stage I 6 3 3 4.169 0.124
II 43 21 22

III 32 9 23

T classification T1–T2 17 8 9 0.087 0.558
T3–T4 65 28 37

Lymph node metastasis N0 50 28 22 5.775 0.016
N1–N3 34 10 24

Differentiation degree Well 28 1 27 10.670 0.005
Moderate 47 23 24

Poor 11 5 6
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SHMT2, abbreviated for serine hydromethyltransferase 2,
was discovered to be in charge of catalyzing the conversion of
serine to glycine with the transfer of β-carbon from serine to
tetrahydrofolate (THF) to form 5,10-methylene-THF [14].
Suppression of SHMT2 was shown to be able to block cancer
cell proliferation [15]. In the setting of malignancies, experi-
mental evidence regarding SHMT2 has been limited and
scarcely reported in cancers, let alone in the HCC. SHMT2
was first mentioned and reported to be a potential downstream
target of miR-193 in breast cancer [16]. In another study per-
formed in breast cancer, SHMT2 was mentioned as a potential
prognostic indicator for patients diagnosed with breast cancer
[17], which was wholly consistent with and supported by the
finding of Lee GY et al. [18] that elevated expression of
SHMT2 was shown to be associated with poor prognosis in
human cancer, supporting the important role of SHMT2 in the
control of cell proliferation in several cancer types [19, 20]
and as a hot target for anticancer therapy. Until now, there has
been no relevant report whatsoever concerning SHMT2 in
HCC. In our present study, we for the first time identified that
SHMT2 was a novel downstream target that was able to be
directly and negatively regulated by miR-615-5p. Besides, we
have also firstly found that SHMT2 was significantly upreg-
ulated in HCC tissues and, clinicopathologically, whose over-
expression was remarkably associated with metastasis and
poor prognosis, suggesting that SHMT2 could be used as an
unfavorable prognostic biomarker in HCC. In addition,
SHMT2 was found to be able to promote both the prolifera-
tion and migration in HCC cells in our study, which was fully
in line with earlier relevant published reports [18–20].

Despite our study for the first time identified that miR-615-
5p directly and negatively regulated SHMT2 in HCC, there
are still several limitations that have to be acknowledged. First
of all, both the clinical sample sizes of HCC tissues and cell

lines were limited and may therefore lead to potentially biased
and insufficient conclusions [21, 22]; secondly, given that the
specificity of primary antibody that should have been evalu-
ated and tested prior to being used [23, 24] otherwise may
contribute to biased even wrong final results, however, we
failed to test and evaluate before the experimentation; thirdly,
given that prevalent cross-contamination or variation existed
in in vitro cancer cell lines that could lead to irreproducibility
[25, 26], all the cancer cell lines had better should have been
sequenced to make genetic purity; however, we also failed to
have all the HCC cell lines we have used sequenced using a
short tandem repeat (STR) method [27].

In conclusion, in our study, we for the first time found that
it is direct and negative targeting SHMT2 that miR-615-5p
prevents both proliferation and migration in HCC and that
SHMT2 expression was significantly associated with unfavor-
able prognosis and tumor metastasis in HCC tissue level and
promotes both proliferation and migration of HCC cell
in vitro.
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