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MicroRNA-1207-5p inhibits hepatocellular carcinoma
cell growth and invasion through the fatty acid
synthase-mediated Akt/mTOR signalling pathway
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Abstract. Fatty acid synthase (FASN) has emerged as
a unique oncologic target for the treatment of cancers,
including hepatocellular carcinoma (HCC). However, effec-
tive inhibitors of FASN for cancer treatment are lacking.
MicroRNAs (miRNAs) have emerged as novel and endo-
genic inhibitors of gene expression. In the present study, we
aimed to investigate the role of miR-1207-5p in HCC and the
regulation of FASN through miR-1207-5p. The expression
of miR-1207-5p was markedly reduced in HCC tissues and
cell lines as detected with real-time quantitative polymerase
chain reaction (qPCR). Overexpression of miR-1207-5p
significantly suppressed the cell growth and invasion of HCC
cells. By contrast, inhibition of miR-1207-5p exhibited an
opposite effect. Bioinformatics analysis showed that FASN
is a predicted target of miR-1207-5p which was validated by
dual-luciferase reporter assay, JPCR and western blot analysis.
Overexpression of miR-1207-5p inhibited the Akt/mTOR
signalling pathway, and promotion of this pathway was noted
following inhibition of miR-1207-5p. Rescue experiments
showed that the restoration of FASN expression partially
reversed the inhibitory effect of miR-1207-5p on cell growth,
invasion and Akt phosphorylation. In conclusion, our study
suggests that miR-1207-5p/FASN plays an important role in
HCC, and provides novel insight into developing new inhibi-
tors for FASN for therapeutic interventions for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related deaths worldwide (1). Despite current advance-
ments in HCC treatment, the 5-year survival rate of HCC
patients remains low (2). At present, an effective therapeutic
method for HCC is lacking due to the obscure molecular
mechanisms underlying the pathogenesis of HCC. The malig-
nant growth, invasiveness and metastasis of HCC cells restrict
the therapeutic effects of surgical resection, chemotherapy and
radiofrequency ablation. Therefore, a deep understanding of
the molecular mechanisms involved in the malignance and
metastasis of cancer cells is helpful in developing novel thera-
pies for HCC patients.

In recent years, an increasing number of studies have
suggested that lipid metabolism which increases energy
storage, membrane synthesis and signalling functions is essen-
tial for malignant cell growth and proliferation (3,4). Fatty acid
synthase (FASN) is an important enzyme for the synthesis
of fatty acids and plays critical roles in lipid metabolism (5).
Under normal conditions, FASN is usually silenced in many
tissues without significant consequences (6). However, the
overexpression of FASN has been determined in various types
of cancers, including breast, ovarian, pancreatic, colorectal
and prostate cancer, whereas the high expression of FASN
is correlated with increasing tumor burden and poor patient
prognosis (7-11). The overexpression of FASN promotes the
cell growth and proliferation of cancer cells (12). Given the
function of FASN in the modification of proteins through palmi-
toylation, FASN is associated with the activation of various
oncogenic signalling pathways, including the Wnt/p-catenin,
protein kinase C, human epithelial growth factor receptor 2
and Akt/mTOR pathways (13-15). Therefore, FASN represents
a potential molecular target for inhibiting cancer. Indeed,
various FASN inhibitors have been developed (16). However,
few of these inhibitors have been tested in clinical trials due to
their side-effects. Therefore, the development of novel inhibi-
tors for FASN is important for cancer treatment.

MicroRNAs (miRNAs), which are small non-coding
RNAs, have emerged as novel inhibitors of gene expres-
sion (17). miRNAs regulate gene expression by interacting
with the 3'-untranslated region (UTR) of mRNAs causing
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translational inhibition (18). Therefore, miRNAs participate in
various biological processes, including cell proliferation, inva-
sion and metastasis, and they are involved in the pathogenesis
of cancers (19). miRNAs can serve as potential biomarkers for
cancer diagnosis and prognosis and potential molecular targets
for cancer therapy (20,21). Various miRNAs are involved in
HCC (22,23). miR-1207-5p is a tumor-suppressive miRNA
in gastric cancer that inhibits gastric cancer cell growth (24).
However, whether miR-1207-5p plays an important role in
HCC remains unexplored.

FASN is overexpressed in HCC tissues and cells, and
knockdown of FASN impairs the apoptosis, proliferation,
migration and invasion of HCC cells (25). A high expression
level of FASN is also correlated with poor prognosis (26).
However, the regulation of FASN by miRNAs remains poorly
understood. In this study, we aimed to investigate the poten-
tial role of miR-1207-5p in HCC and its regulatory effect on
FASN. We demonstrated that miR-1207-5p was significantly
decreased in HCC clinical tissues and cancer cell lines, and
the overexpression of miR-1207-5p inhibited HCC cell growth
and invasion. We determined that FASN was a predicted target
of miR-1207-5p. We also verified that miR-1207-5p could
function through FASN to regulate HCC cell growth and inva-
sion. In conclusion, our study indicated that miR-1207-5p is a
potential and promising inhibitor of FASN in HCC.

Materials and methods

Cell culture. HCC cell lines, SMMC-7721,HepG2, MHCC97H
and SK-HEP-1, and the normal liver cell line HL-7702 were
obtained from the American Type Culture Collection (ATCC;
Manassas, VA, USA). All these cells were grown in Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS) and 100 U/ml penicillin/streptomycin
mix (both from Gibco, Grand Island, NY, USA). The cells
were cultured in a humidified incubator containing 5% CO,
at 37°C.

Patient specimens. Resected HCC samples from 20 HCC
patients and the matched adjacent normal liver tissues were
provided by the Second Affiliated Hospital of Xi'an Jiaotong
University with informed consent from the patients. The
specimens were collected from HCC patients who underwent
curative resection without prior chemotherapy or radiotherapy
or other treatment procedures. The resected tissues were snap
frozen in liquid nitrogen and stored at -80°C for subsequent
experiments. The experimental procedures were reviewed and
approved by the Institutional Human Experiment and Ethics
Committee of the Second Affiliated Hospital of Xi'an Jiaotong
University.

RNA extraction and real-time quantitative polymerase chain
reaction (qPCR). The total RNA from the HCC tissues or HCC
cells was extracted using the miRNeasy Mini kit and RNeasy
Mini kit (Qiagen, Valencia, CA, USA) according to the manu-
facturer's instructions. Then, cDNA was synthesised with
M-MLV Reverse Transcriptase (Invitrogen, Carlsbad, CA,
USA) for mRNA detection or miScript Reverse Transcription
kit (Qiagen) for miRNA detection. The cDNA templates were
amplified using the SYBR-Green PCR kit (Qiagen). GAPDH
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and U6 were used as internal controls. The qPCR data were
analysed using the 224" method.

Cell transfection. The miR-1207-5p mimic, the miR-1207
inhibitor (anti-miR-1207-5p) and their negative controls (NCs)
were obtained from RiboBio (Guangzhou, China). All miRNA
oligonucleotides were transiently transfected into cells with
Lipofectamine 2000 (Invitrogen) for a final concentration of
50 nM. The pCMV6-XL4/FASN recombinant vector carrying
FASN cDNA without 3'-UTR and the miR-1207-5p mimic was
co-transfected into the HCC cells with Lipofectamine 2000.
After incubation for 48 h, the transfection efficiency was
detected using qPCR or western blot analysis.

Cell growth assay. Cell growth was detected using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The cells were briefly seeded into a 96-well
plate and cultured for 48 h with the indicated treatments. Then,
the cells were employed to measure cell growth by adding
MTT solution (20 pl/well, 5 mg/ml in PBS; Sigma, St. Louis,
MO, USA). The incubation was performed for 4 h, and the
formazan products were dissolved with dimethyl sulfoxide
(200 ul/well). The absorbance value at 490 nm was read on a
multiwell spectrophotometer (Bio-Tek Instruments, Winooski,
VT, USA).

Transwell invasion assay. Cell invasion was detected using a
Matrigel-coated Transwell (BD Biosciences, Franklin Lakes,
NJ, USA). Briefly, 1x10° cells transfected with the miR-1207-5p
mimic or anti-miR-1207-5p in 200 ul of serum-free medium
were plated into the top chamber, whereas the bottom chamber
was filled with medium containing 10% FBS. The cells were
incubated for 24 h. Then, the non-invasive cells were removed
from the top chamber. The invaded cells on the bottom
chamber were fixed and stained with crystal violet (0.05%).
The stained cells were observed and counted under a micro-
scope. The number of invasive cells from five random fields in
the same slide was counted and averaged.

Western blot analysis. The protein was separated with
SDS-polyacrylamide gels, and the separated protein was then
transferred onto a nitrocellulose membrane (Bio-Rad, Hercules,
CA, USA). The membrane was blocked and incubated with
primary antibodies at 4°C overnight. Then, the membrane was
incubated with horseradish peroxidase-conjugated secondary
antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA) for 1 h at 37°C. The protein bands on the membrane
were visualised through an enhanced chemiluminescence
method. The primary antibodies, including rabbit anti-human
FASN and GAPDH antibodies, were purchased from Santa
Cruz Biotechnology, Inc. The rabbit anti-human mTOR and
phosphorylated mTOR (p-mTOR) antibodies were obtained
from Abcam (Cambridge, MA, USA). The rabbit anti-human
Akt and p-Akt antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA).

Dual-luciferase reporter assay. The cDNA fragment of FASN
3'-UTR containing the predicted binding sites of miR-1207-5p
or the mutated sequence was inserted into the pmirGLO
luciferase reporter vector (Promega, Madison, WI, USA). The
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Figure 1. Decreased expression of miR-1207-5p in the HCC tissues and cell lines. (A) Analysis of of miR-1207-5p expression in 20 pairs of human HCC tissues
and the pair-matched adjacent non-tumorous tissues detected via gPCR analysis. “P<0.01. (B) Analysis of miR-1207 expression in HCC cell lines (SMMC-7721,
HepG2, MHCC97H and SK-HEP-1) and normal liver cell line HL-7702 via gPCR. HL-7702 was used as the control. “P<0.05 and “p<0.01 vs. HL-7702. HCC,
hepatocellular carcinoma; qPCR, real-time quantitative polymerase chain reaction.

recombinant reporter vectors and the miR-1207-5p mimic or
anti-miR-1207-5p were co-transfected into the SK-HEP-1 cells
and incubated for 48 h. The luciferase activity was detected
using the Dual-Luciferase system kit (Promega). The data are
represented as firefly/Renilla luciferase activity.

Data analysis. The data are expressed as means + standard
deviation and were analysed using SPSS 15.0 software
package (SPSS, Inc., Chicago, IL, USA). The statistical signifi-
cance between the two groups was analysed with Student's
t-test, whereas multiple comparison was detected through
one-way analysis of variance followed by Bonferroni test. The
differences were regarded as statistically significant at p<0.05.

Results

miR-1207-5p is downregulated in HCC tissues and cell lines.
To investigate whether miR-1207 plays an important role in
HCC, we first analysed the expression profile of miR-1207-5p
in 20 pairs of human HCC tissues and pair-matched adjacent
non-tumorous tissues via qPCR analysis. The results showed
that miR-1207 was significantly downregulated in the HCC
tissues compared with that in the adjacent non-tumorous
tissues (Fig. 1A). To further verify the lower expression level
of miR-1207-5p in HCC, we detected the expression level
of miR-1207-5p in HCC cell lines, including SMMC-7721,
HepG2,MHCC97H and SK-HEP-1. We also found a significant
decrease in miR-1207-5p in the HCC cell lines as compared
with that in the normal liver cell line HL-7702 (Fig. 1B). These
results indicate that miR-1207-5p plays an important role in
the development and progression of HCC.

Overexpression of miR-1207-5p suppresses HCC cell
growth and invasion. To investigate the potential function of
miR-1207-5p in HCC, we ascertained whether miR-1207-5p
affects the cell growth and invasion of HCC in vitro. For this
purpose, we performed gain-of-function and loss-of-function
experiments via transfection of the miR-1207-5p mimic or
anti-miR-1207-5p into the MHCC97H and SK-HEP-1 cells.

MTT assay showed that the overexpression of miR-1207-5p via
transfection withthe miR-1207-5p mimic significantly decreased
the cell growth and viability of the MHCC97H (Fig. 2A) and
SK-HEP-1 (Fig. 2B) cells, whereas the depletion of miR-1207-5p
via anti-miR-1207-5p displayed an opposite effect. The over-
expression of miR-1207-5p significantly inhibited HCC cell
invasion. In contrast, cell invasion was markedly increased with
the depletion of miR-1207-5p (Fig. 2C and D). The data implied
that miR-1207-5p inhibited HCC cell growth and invasion.

FASN is a target of miR-1207-5p. To investigate the molecular
mechanisms of miR-1207-5p in regulating HCC cell growth and
invasion, we analysed the putative target genes of miR-1207-5p.
Interestingly, we determined that FASN, an important target
gene for cancer treatment (5), was the predicted target of
miR-1207-5p (Fig. 3A). To determine whether miR-1207-5p
directly targets the 3'-UTR of FASN, we performed a
dual-luciferase reporter assay. Luciferase reporter vector
containing FASN 3'-UTR with the seed-region for miR-1207-5p
was constructed and transfected into SK-HEP-1 cells in the
presence of the miR-1207-5p mimic or anti-miR-1207-5p. The
results showed that transfection with the miR-1207-5p mimic
significantly inhibited the luciferase activity, whereas deple-
tion of miR-1207-5p markedly promoted the luciferase activity
of the luciferase reporter (Fig. 3B). To further verify the
specificity of this effect, the seed-region of the miR-1207-5p
binding site on the 3'-UTR of FASN was mutated. The results
demonstrated that neither miR-1207-5p overexpression nor
depletion had an obvious effect on the mutated luciferase
reporter vector (Fig. 3B). To determine whether miR-1207-5p
regulates the expression of FASN, we transfected SK-HEP-1
cells with the miR-1207-5p mimic or anti-miR-1207-5p and
then detected FASN expression. The results showed that both
mRNA (Fig. 3C) and the protein (Fig. 3D) expression of FASN
were significantly decreased via miR-1207-5p overexpression
or markedly increased via miR-1207-5p depletion. Similar
data were observed with the MHCC97H cells (data not shown).
Altogether, these results revealed that miR-1207-5p regulated
FASN expression by binding to its 3'-UTR.
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Figure 2. miR-1207-5p regulates the cell growth and invasion of HCC cells. The effect of miR-1207-5p overexpression or depletion in (A) MHCC97H and
(B) SK-HEP-1 cells was detected using the MTT assay. The cells were transfected with the miR-1207-5p mimic or anti-miR-1207-5p for 48 h and then sub-
jected to the MTT assay. The effect of miR-1207-5p overexpression or depletion on cell invasion was detected by Transwell invasion assay with (C) MHCC97H
and (D) SK-HEP-1 cells. "P<0.05 vs. miR-NC; ¥p<0.05 vs. anti-miR-NC. HCC, hepatocellular carcinoma; NC, negative control.
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Figure 3. miR-1207-5p regulates FASN expression. (A) The seed-region of the miR-1207-5p binding site on the 3'-UTR of FASN. (B) Dual-luciferase reporter
assay for miR-1207-5p and FASN 3'-UTR. SK-HEP-1 cells were transfected with the WT or the MT of the FASN 3'-UTR vector together with the miR-1207-5p
mimic or anti-miR-1207-5p. After 48 h, the luciferase activity was detected. The effect of miR-1207-5p overexpression or depletion on (C) mRNA and (D) protein
expression of FASN in the SK-HEP-1 cells was detected by gPCR and western blot analysis, respectively. Cells were transfected with the miR-1207-5p mimic
or anti-miR-1207-5p and incubated for 48 h before being harvested for qPCR or western blot analysis. “P<0.05 vs. miR-NC; ¥p<0.05 vs. anti-miR-NC. FASN,
fatty acid synthase; UTR, untranslated region; WT, wild-type; MT, mutated type; qPCR, real-time quantitative polymerase chain reaction; NC, negative control.
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Figure 4. Effect of miR-1207-5p on the Akt/mTOR signalling pathway. Effect of miR-1207-5p overexpression or depletion on the protein expression of Akt,
p-Akt, mTOR and phosphorylated (p)-mTOR in (A-C) MHCC97H and (D-F) SK-HEP-1 cells was detected by western blot analysis. "P<0.05 vs. miR-NC;

4p<0.05 vs. anti-miR-NC. NC, negative control.

Overexpression of miR-1207-5p inhibits the Akt/mTOR
signalling pathway. FASN has been reported as an important
regulator of various oncogenic signalling pathways (5). Due
to the regulatory effect of miR-1207-5p on FASN expres-
sion, we sought to detect the effect of miR-1207-5p on the
Akt/mTOR signalling pathway which plays an important
role in the development and progression of NSCLC (27,28).
Here, we found that miR-1207-5p overexpression significantly
reduced the protein expression levels of p-Akt and p-mTOR in
the MHCC97H (Fig. 4A-C) and SK-HEP-1 cells (Fig. 4D-F)
whereas depletion of miR-1207-5p markedly promoted the
expression levels of p-Akt and p-mTOR. The results suggest
that miR-1207-5p is an important regulator of the Akt/mTOR
signalling pathway.

Restoration of FASN expression reverses the effect of the
miR-1207-5p mimic. To validate whether miR-1207-5p functions
through FASN, we transfected cells with the FASN expression
vector and the miR-1207-5p mimic. The results showed that
FASN expression vector transfection significantly restored the
FASN protein expression, which was decreased by miR-1207-5p
overexpression (Fig. 5SA and B). Interestingly, the decreased
expression of p-Akt induced by miR-1207-5p overexpression
was partially reversed by FASN restoration (Fig. 5SA and B).

Furthermore, the inhibitory effect of miR-1207 overexpression
on HCC cell growth (Fig. 5C and D) and invasion (Fig. 5E and F)
was also significantly abolished by FASN restoration. Overall,
our results indicated that miR-1207-5p functions in HCC cells
by directly regulating FASN.

Discussion

In the present study, our results indicated that the expression
of miR-1207-5p was significantly reduced in the HCC tissues
and cell lines. The overexpression of miR-1207-5p inhibited
HCC cell growth and invasion. Hence, our study for the first
time revealed that miR-1207-5p is a tumor suppressor in the
development and progression of HCC. However, the precise
molecular mechanism of miR-1207-5p in HCC remains to be
determined.

In gastric cancer, patients with high expression of
miR-1207-5p have slight lymphovascular invasion and a good
prognosis compared with patients with low expression of
miR-1207-5p (29). Chen et al revealed that miR-1207-5p is
significantly downregulated in gastric tumor samples, and the
overexpression of miR-1207-5p inhibits cell growth and invasion
of gastric cancer cells by targeting human telomerase reverse
transcriptase (hWTERT) (24). A recent study demonstrated that
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detected with MTT assay. The effect of FASN restoration on cell invasion
of (E) MHCC97H and (F) SK-HEP-1 cells was detected with Transwell
invasion assay. 'P<0.05 vs. miR-1207-5p + vector. FASN, fatty acid synthase;
HCC, hepatocellular carcinoma; UTR, untranslated region.

the long non-coding RNA BC032469 increased gastric cancer
cell proliferation by impairing miR-1207-5p-dependent h\TERT
downregulation (30). Moreover, miR-1207-5p was also found
to inhibit epithelial-mesenchymal transition of nasopharyn-
geal cancers induced by growth factors (31). miR-1207-5p
also plays an important role in breast and non-small cell lung
cancers (32,33). However, the role of miR-1207-5p in HCC has
not been well studied. Our study demonstrated that miR-1207-5p
is downregulated in HCC and miR-1207-5p also functions as a
tumor-suppressive miRNA that inhibits cell proliferation and
invasion, at least in part, by targeting FASN.

FASN is an important gene in the regulation of lipid metabo-
lism (5). Evidence indicates an oncogenic role of FASN in
various cancers (34). Given that the liver is an important organ
for lipid metabolism, the dysregulation of FASN plays an impor-
tant role in HCC. FASN is highly expressed in HCC tissues
and cancer cell lines and knockdown of FASN inhibits cell
proliferation, invasion and migration of HCC cells (25). FASN
overexpression combined with loss of phosphatase and tensin
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homolog is correlated with worse prognosis in Chinese patients
with HCC (26). Inhibition of lipogenesis by targeting FASN
significantly suppressed the tumor growth of HCC (35-37).
Inhibition of FASN also resensitised HCC cells to taxane (38).
Therefore, FASN represents a promising molecular target for
HCC. Various FASN inhibitors have been developed in recent
years (16,39). However, the majority of these inhibitors have
not been applied in clinical trials due to their side-effects (5).
In the present study, we determined that miR-1207-5p was a
novel inhibitor of FASN by targeting the 3'-UTR of FASN. We
determined that overexpression of miR-1207-5p significantly
decreased the expression of FASN in HCC cells, providing
novel insights into developing novel FASN inhibitors.

The emerging role of miRNAs in lipid metabolism has
been highlighted in recent years (40). FASN can be regulated
by specific miRNAs. In triple-negative breast cancer cells,
FASN is a functional target of miR-193b, which is involved
in metformin-induced cytotoxicity (41). Yang et al found that
miRNA-142-3p inhibited osteosarcoma cell proliferation by
suppressing FASN expression (42). Similarly, Cheng et al
reported that miR-320 inhibited osteosarcoma cell prolifera-
tion by targeting FASN (43). The overexpression of miR-107
induced endoplasmic reticulum stress and lipid accumulation
in hepatocytes by directly inhibiting FASN (44). In the present
study, our results indicated that miR-1207-5p can directly
target and inhibit FASN in HCC cells. Our findings as well as
these aforementioned reports support the notion that miRNAs
can serve as novel inhibitors of FASN and that they can be
used as potential therapeutic tools for HCC treatment.

FASN modulates receptor localisation through palmi-
toylation and promotes the activation of oncogenic signalling
pathways, such as the Akt/mTOR signalling pathway (5).
The Akt/mTOR signalling pathway also promotes the
transcription of FASN, thereby forming a positive feed-
back regulation (45,46). The downregulation of FASN
inhibited cancer cell invasion and migration by targeting
the Akt/mTOR signalling pathway (47-49). A recent study
reported that inactivation of FASN suppressed Akt-driven
hepatocarcinogenesis in mice and humans (50). In line with
these findings, we revealed that inhibition of FASN with
miR-1207-5p significantly impeded the Akt/mTOR signal-
ling pathway in HCC. Restoration of FASN reversed the
inhibitory effect of miR-1207-5p, thereby indicating that
miR-1207-5p regulates the Akt/mTOR signalling pathway by
directly regulating FASN.

Our study demonstrated that miR-1207-5p inhibits HCC
cell growth and invasion by directly targeting and inhibiting
FASN. For the first time, our results indicated the important
role of miR-1207-5p in HCC and verified that miR-1207-5p
functions as an endogenic inhibitor of FASN. Our study
suggests that miR-1207-5p/FASN plays an important role in
HCC, and provides novel insight into the development of novel
inhibitors of FASN for cancer therapy.
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