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Obesity-associated miR-27a upregulation
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Background: Obesity was a recognized risk factor for the development and progression of
hepatocellular carcinoma (HCC). However, the effects and mechanisms by which obesity
promotes HCC metastasis remain poorly understood.

Materials and methods: We cultured adipocyte induced by preadipocyte 3T3-L1 in vitro and
established HCC metastasis model in obesity mouse in vivo to mimic the tumor microenviron-
ment in obese status. The mechanisms underlying obesity-associated miR-27a upregulation
promoting HCC metastasis were investigated.

Results: In this study, we showed that miR-27a was upregulated in adipocytes, obese mouse
model and clinical samples, and the increased miR-27a level promoted migration and invasion
in HCC cells, increased the number of metastasis nodes in obese mouse model, and was associ-
ated with poor clinical outcomes. Overexpressed secreted frizzled-related protein 1 in HCC cells
and tissues significantly alleviated the upregulation of B-catenin and matrix metalloproteinase-7
induced by high level of miR-27a. Meanwhile, the E-cadherin expression decreased and Vimentin
expression increased, linking with high level of B-catenin in high-fat group.

Conclusion: Taken together, our results have elucidated the critical role of extracellular miR-
27a as a pro-metastatic factor in HCC and revealed that obesity-associated miR-27a upregulation
promoted HCC metastasis through activated Wnt/B-catenin signaling by suppressing secreted
frizzled-related protein 1. Our findings shed light on the novel mechanism underlying HCC
metastasis and provided miR-27a as a promising target for obese liver cancer therapy.
Keywords: obesity, miR-27a, SFRP1, B-catenin, hepatocellular carcinoma

Introduction
Obesity has become an important public health challenge in recent decades all over
the world. It is reported that there were more than 1.9 billion overweight adults in
2014, of whom over 600 million were obese.! Moreover, obesity is recognized as a
common risk factor for many chronic diseases, including type 2 diabetes, cardiovas-
cular diseases, and cancers.? Numerous experimental studies and meta-analyses have
shown that obesity was directly associated with the risk of cancers, such as breast,
endometrium, kidney, thyroid, esophagus, gastric cardia, pancreas, gallbladder, colon,
liver, and so on.? In addition, obesity can also lead to poor prognosis and result in
higher cancer-related mortality.* ¢

Hepatocellular carcinoma (HCC) is the fifth most common malignancy and the
third leading cause of cancer-related deaths in the world.” In recent years, although
the treatment of HCC has improved, the prognosis of patients and the overall survival
rate remain rather disappointing.® Metastasis and local recurrence are responsible for
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the majority of HCC-related deaths,’ which have become the
major obstacle in the treatment of patients with liver cancer.!
Most cases of HCC (70%—-90%) development are associated
with chronic liver disease backgrounds, such as the infec-
tion with hepatitis B virus or hepatitis C virus and alcoholic
liver disease.'' While a substantial number of cases cannot
be explained by these etiologies, HCC is increasingly being
diagnosed among obese individuals.'”> Many studies have
indicated that the link between obesity and increased inci-
dence of HCC has been globally verified.”*'* The molecular
mechanisms underlying the higher risk of HCC in obesity are
currently attributed to adipose tissue remodeling with pro-
inflammatory adipokine secretion, cell growth stimulation
by insulin and insulin-like growth factors, and liver lipo-
toxicity due to ectopic lipid accumulation. Moreover, diet,
gut microbiome, and genetic factors are also involved.'¢'®
Studies mostly focused on obesity-related hepatocarcino-
genesis up to now; however, the correlation between obesity
and metastasis of HCC, as well as the molecular mechanisms
are unknown.

In our previous work, we addressed a hypothesis that
miR-27a, which is characteristically overexpressed during
obesity, altered HCC microenvironment and promoted tumor
progression.'*? Herein, we first demonstrated that adipose
tissue-secreted miR-27a is upregulated in obese liver cancer
tissues. Next, we established the co-culture system of 3T3-L1
cells transfected with a miR-27a overexpress plasmid with
HepG?2 cells in vitro and confirmed that miR-27a promoted
HCC cell migration and invasion under obesity condition.
Finally, we established an animal model to investigate the
effect of obesity-related upregulation of miR-27a on metasta-
sis of HCC and revealed the mechanism in our current study.
We found that miR-27a promoted migration and invasion
of HCC cells and activated Wnt/B-catenin signaling by sup-
pressing secreted frizzled-related protein 1 (SFRP1) in vitro
and in vivo. In addition, epithelial-mesenchymal transition
(EMT) may induce obesity-related metastasis of HCC.

Materials and methods

Human tissue samples

Twenty-five frozen HCC samples were obtained from the
tissue specimen bank of our hospital. The clinical information
of these cases was collected, which were divided into the
normal (n=15) and the obesity (n=10) group based on the
body mass index (BMI).>! This work was approved by
the Ethics Committee of Jilin University and written informed
consent was obtained from all patients for this study.

Cell culture

The mouse embryo 3T3-L1 cell line, the HCC cell line HepG2,
and the mouse hepatoma cell line Hepal-6 were obtained from
the American Type Culture Collection (Manassas, VA, USA).
The cells were grown in DMEM (Gibco, Carlsbad, CA, USA)
with high glucose content, supplemented with 10% fetal bovine
serum (FBS) (Gibco), 100 units/mL penicillin, and 100 g/mL
streptomycin. All the cells were incubated at 37°C in a humidi-
fied chamber containing 5% CO,. The primary antibodies
against SFRP1 (rabbit, Cat. no. ab4193, Abcam, Cambridge,
UK), B-catenin (rabbit, Cat. no. ab32572, Abcam), matrix
metalloproteinase-7 (MMP?7) (rabbit, Cat. no. ab5706, Abcam),
Vimentin (rabbit, Cat. no. ab92547, Abcam), E-cadherin
(mouse, Cat. no. ab76055, Abcam), and B-actin (mouse,
Cat. no. sc-47778, Santa Cruz Biotechnology, Dallas, TX,
USA) were diluted according to their instructions.

Differentiation of 3T3-LI cell lines

To acquire adipocyte simulating obese model in cells, 3T3-L1
preadipocytes were seeded in 24-well plates at a density of
1x10° per well and incubated when they reached about 80%
confluence, and then the cells were differentiated by DMEM
containing 10% FBS and cocktail (MDI, 0.5 mM isobutyl-1-
methylxanthine, 1 uM dexamethasone, 10 pg/mL insulin)
for 3 days. The medium was replaced by DMEM with 10%
FBS and 10 pg/mL insulin, and the cells were incubated for
another 3 days. The medium was then replaced with DMEM
containing 10% FBS, and the cells continued to be cultured,
waiting for a completion of differentiation. Adipocytes
were only used for experiment when at least 95% of the
cells showed an adipocyte phenotype with accumulation of
lipid droplets.

Transient transfection of plasmids

The miR-27a expression plasmid, miR-27a inhibitor plasmid,
SFRP1 overexpression plasmid, and the control vector were
constructed by Shanghai GenePharma (Shanghai, China).
The 3T3-L1 cells in exponential phase of growth were
plated in plates at 2x10° cells/mL and cultured for 16 h, then
transfected with the miR-27a expression plasmid, miR-27a
inhibitor plasmid, and the control vector using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol. Successful and stable transfection
was ensured by flow cytometry (Figure S1). The efficiency
of transfection was examined by quantitative reverse tran-
scription polymerase chain reaction (QRT-PCR). HepG2 cells
transfected with the SFRP1 plasmid and the control vector in
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the same way, and the efficiency of transfection was detected
by Western blot analysis.

gRT-PCR analysis

Total RNA was isolated from cells, tissues, serums and
culture media with TRIzol reagent (Invitrogen). RNA was
reverse transcribed into cDNA with TransScript First-
Strand ¢cDNA synthesis supermix (Invitrogen), following
the manufacturer’s instructions. qRT-PCR was performed
using a FastStart Universal STBR Green Master (Rox) from
Roche (Basel, Switzerland). Primers of miR-27a and U6 were
obtained from Ribobio (Guangzhou, China). The expression
of miR-27a was normalized with U6 using the 22 method.
The miRNA expression levels were defined based on the
threshold cycle (Ct), and the relative expression levels were
Calculated as 2—([Ct of miR-27a] — [Ct 0fU6]).

Cell migration and invasion assays

The transwell 24-well Boyden chamber (Corning, Corning,
NY, USA) with 8.0 um pore size poly-carbonate membrane
was used for the migration and invasion assay according to
the manufacturer’s protocol. For migration assay, 3T3-L1
cells were trypsinized and seeded in the lower chamber at
a density of 1x10° cells/well. After cell differentiation, the
medium was replaced with 600 UL of complete medium
while 1x10° HepG2 cells were seeded in the upper chamber
in 100 uL of serum-free medium and the migration during
12 h toward the lower chamber. Cells remaining at the upper
surface of the membrane were removed with cotton swabs
and cells on the lower surface of the membrane were fixed
with 4% paraformaldehyde, stained with crystal violet solu-
tion and counted in 5 randomly chosen high-power fields (100
magnification). Cell invasion assay was carried out similarly,
except that 100 uL of 1:8 DMEM-diluted Matrigel (Becton
Dickinson, Franklin Lakes, NJ, USA) was added to each well
at 37°C for 6 h before cells were seeded onto the membrane,
followed by incubation for 12 h.

Western blot analysis

The total proteins of cells and tissues were lysed in PIPA
lysis buffer containing 10 mM Tris—HCI, 0.25 M sucrose,
10 mM NaCl, I mM ethylenediaminetetraacetic acid, 1%
sodium dodecyl sulfate (SDS), and protease inhibitor cocktail
(Roche), pH 7.5. The lysates were centrifuged at 12,000 g for
15 min at4°C and the supernatant obtained was labeled as total
protein extract. The protein concentration was determined by
BCA protein assay kit (Beyotime Institute of Biotechnology,

Shanghai, China). Equal quantities of protein (20 1g) were
loaded onto 12% SDS polyacrylamidegel electrophoresis
(SDS-PAGE) gels. The electrophoresis was carried out first
at 80 V for 20 min and followed by 160 V for 60—85 min.
The separated proteins were transferred to polyvinylidene
fluoride membranes (Bio-Rad Laboratories, Hercules, CA,
USA). The membranes were blocked with 5% non-fat milk in
Tris-buffered saline containing 0.05% Tween-20 for ~2 h at
room temperature and then were probed with primary antibod-
ies against SFRP1 (1:250 dilution), B-catenin (1:5,000 dilu-
tion), MMP7 (1:1,000 dilution), Vimentin (1:1,000 dilution),
E-cadherin (1:1,000 dilution), and B-actin (1:1,000 dilution)
overnight at 4°C. The membranes were then washed and
incubated with the horseradish peroxidase (HRP)-conjugated
goat anti-rabbit secondary antibody (1:5,000 dilution, Cat.
no. SA00001-1; ProteinTech Group, Rosemont, IL, USA)
or HRP-conjugated goat anti-mouse secondary antibody
(1:5,000 dilution, Cat. no. SA00001-2; ProteinTech Group) at
room temperature for 1 h. Bands were visualized by an ECL
Western blotting detection system (Tanon 4200, Shanghai,
China) and analyzed by Quantity-one software (Bio-Rad).

Establishment of obesity mouse model
Male C57BL/6J mice (18-20 g, 6 weeks) were purchased
from the Animal Research Center (Beijing, China) and kept
in environment-controlled specific-pathogen-free room
(20°C£2°C, humidity of 40%—60%, 12-h light/dark cycle)
following Chinese government guidelines. All mice were
given free access to food and water throughout the study.
All animal experimental protocols were approved by the
Institutional Animal Care and Use Committee of Jilin Univer-
sity. The experimental manipulation of mice was conducted
in accordance with the National Institute of Health Guide for
the Care and Use of Laboratory Animals and the approval of
the Scientific Investigation Board of Science and Technology
of Jilin Province (Changchun, China).

Mice were randomly divided into 2 groups and fed either
a control diet containing 10% kcal fat (D12450B, Research
Diets, New Brunswick, NJ, USA) or high-fat (HF) diet
containing 60% kcal fat (D12492i, Research Diets). During
the experimental period, their body weights were measured
twice per week. After 10 weeks, 6 mice were selected from
each group randomly and sacrificed. Serum was collected
after centrifuging the whole blood at 3,000 rpm for 15 min.
Livers, lungs, and epididymal adipose tissues were resected
and weighed. Half part of the organs was fixed in a 4%
paraformaldehyde solution overnight and processed for
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paraffin sections followed by H&E stain and immunohis-
tochemistry (IHC) stain, and the other half was stored in—80°C
immediately for qRT-PCR and Western blot analysis.

Establishment of HCC metastasis mouse

model

After the obesity model was established, mice of both groups
received the surgery for orthotopic transplantation. Mice were
anesthetized with a mixture consisting of ketamine at 100 mg/kg
(Heng Rui, China) and xylazine at 25 mg/kg (Sigma-Aldrich,
St Louis, MO, USA) via intraperitoneal injection and a small
subxiphoid midline incision was made to expose the left lateral
lobe of the liver. Hepal-6 cells (5x10° in 50 uL. PBS medium
with 50% Matrigel) then were injected into the left lateral lobe.
Following the injection, the liver surface at the site of needle tract
should be covered with a drop of matrigel (Becton Dickinson)
to avoid any possible early peritoneal seeding of the HCC cells.
After 20 days, the mice were sacrificed. Lungs, livers, and
epididymal adipose tissues were dissected and photographed.
Serum was collected after centrifuging the whole blood at
3,000 rpm for 15 min. At necropsy, the pulmonary metastasis
colonies on the surface of the lungs were counted. Then, a half
part of the organs was fixed in a 4% paraformaldehyde solution
overnight and processed for paraffin sections followed by H&E
and IHC stains, and the other half was stored in —80°C immedi-
ately for gqRT-PCR and Western blot analysis.

IHC

The tissue sections were dewaxed in xylene and dehydrated
in alcohol. Antigen retrieval was done by incubating the
slides in citric acid buffer for 10 min. After blocking with
3% hydrogen peroxide for 15 min and 5% bovine serum
albumin, the slides were incubated overnight at 4°C with
the antibody against SFRP1 (1:800 dilution). After rinsing
with PBS, the sections were incubated with a HRP anti-rabbit
IgG antibody (Cowin Bioscience, Beijing, China) for 30 min
at room temperature. The expression was visualized by
diaminobenzidine tetrahydrochloride solution (DAB, Cowin
Bioscience) staining. The sections were finally counterstained
with hematoxylin for 5 min. All slides were observed under
a light microscope at a magnification of 100x and 400x.

Statistical analysis

Statistical analysis was performed using Graphpad prism
software 6.0 (GraphPad Software, La Jolla, CA, USA).
All data were expressed as mean + SD. Statistical signifi-
cance (p<<0.05) was evaluated using Student’s #-test when

only 2 groups were compared. If more than 2 groups were
compared, evaluation of significance was performed using
one-way analysis of variance, followed by Bonferroni’s post
hoc test. Kaplan—Meier survival method was performed to
assess the prognostic significance of obesity and the dif-
ference of resulting curves was analyzed by the log-rank
test. Spearman correlation coefficients were performed to
determine the association between SFRP1 and miR-27a
expression. A value with p<<0.05 was considered as statisti-
cally significant.

Results
miR-27a promotes migration and invasion

of HCC cells in vitro

Our previous study found that miR-27a promoted HCC
cell proliferation through the downregulation of FOXO1."
To determine whether miR-27a from adipose tissue influ-
ences the migration and invasion of the HCC, we established
a co-culture transwell chamber system of differentiated adi-
pocyte 3T3-L1 cells with HepG2 cells. As shown in Figure 1,
gRT-PCR analysis confirmed that 3T3-L1 cells could secrete
miR-27a into culture media and increase the miR-27a level
of HepG2 cells. To enhance or eliminate the expression of
miR-27a, we transfected miR-27a expression plasmids and
miR-27a inhibitor plasmids into 3T3-L1 cells and obtained
the expected results in 3T3-L1 adipocytes (lower chamber),
culture medium, and HepG2 cells (up chamber) (Figure 1).
Transwell assays showed that more HepG2 cells migrated or
invaded into the lower chamber when they were co-cultured
with 3T3-L1 cells (Figure 2). Moreover, overexpression of
miR-27ain 3T3-L1 cells clearly enhanced the migration and
invasion of HepG2 cells, whereas the opposite result was
observed in the miR-27a inhibitor group.

miR-27a activates Wnt/[3-catenin signaling

by suppressing SFRPI in vitro

The Wnt/B-catenin signaling pathway is involved in HCC
cell migration and invasion.”> Several studies have shown
that SFRP1, a member of Wnt inhibitors, is negatively
regulated by miR-27a.22* Western blot showed that over-
expression of miR-27a in 3T3-L1 cells clearly suppressed
SFRP1 in HepG2 cells and that inhibition of miR-27a did
the opposite (Figure 3C), which was consistent with previ-
ous reports. To determine whether SFRP1 participates in
secretory miR-27a from adipocytes-driven migration and
invasion of HCC cells, we overexpressed SFRP1 in HepG2
cells. It was shown that SFRP1 protein level in HepG2 cells
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Figure | The establishment of co-culture transwell chamber system of differentiated adipocyte 3T3-L1 cells with HepG2 cells.

Notes: (A) qRT-PCR analysis of miR-27a expression in 3T3-L| cells without transfection or transfected with miR-27a overexpression plasmid, miR-27a inhibitor plasmid, or
empty vector after differentiation. (B, C) qRT-PCR analysis of miR-27a expression in cell culture medium (B) in the lower chamber or HepG2 cells (C) in the upper chamber
alone, or with 3T3-L1, miR-27a overexpressing 3T3-L|, miR-27a inhibitor 3T3-L| and 3T3-L| transfected with empty vector co-culture. Each bar represents the mean + SD

of 3 replicates. *p<0.05, *p<<0.01, ***p<<0.001, and ***p<0.0001.

Abbreviation: gqRT-PCR, quantitative reverse transcription polymerase chain reaction.

increased three-fold after transfection (Figure 3A). But the
migration and invasion of HepG2 cells co-cultured with
3T3-L1 in a miR-27a-enriched environment were substan-
tially attenuated upon SFRP1 overexpression (Figure 3B).
To further confirm the relationship between SFRP1 and the
Wnt/B-catenin signaling pathway in metastasis of HCC cells
communication with adipocytes through secretory miR-27a,
the related important protein levels were detected by western
blot, including SFRP1, B-catenin, and its downstream
MMP7. Overexpression of miR-27a in 3T3-L1 cells induced
[-catenin and its downstream MMP7 expression level, and
inhibition of miR-27a increased their expression (Figure 3C).
Meanwhile, the induction of B-catenin and MMP7 by the
secretory miR-27a from 3T3-L1 cells were reversed by
overexpression of SFRP1 (Figure 3C), which confirmed
the efficacy of SFRP1-inhibiting Wnt/B-catenin signaling
pathway. In addition, the expression of SFRP1 was increased

through inhibiting the expression of miR-27a. Moreover,
the expression of B-catenin and MMP-7 was also changed
compared with control group. Taken together, our result sug-
gested that secretory miR-27a could promote the metastasis
of HCC cells through the degradation of SFRP1, of which
could further activate Wnt/B-catenin signaling pathway.

miR-27a was upregulated in metastasis of
HCC in vivo

To investigate the profile of miR-27a in an obese individual
in vivo, we established the HF diet-induced obese model
of C57BJ mice. Mouse model of HCC metastasis was
established by orthotopic syngeneic tumor transplantation
in obese C57BJ mice mentioned previously. Twenty days
after tumor transplantation, more visible metastasis nodes
were observed on lung tissue compared with that of the
control group (16.331£3.091 vs 34.1746.149; Figure 4A).
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Abbreviation: HCC, hepatocellular carcinoma.

The miR-27a levels of adipose tissue, liver, and serum were
also significantly higher in the HF group than the control
group (Figure 4B). To study the molecular mechanisms of
the HCC metastasis under obesity condition, the protein
expression of SFRP, B-catenin, and MMP7 were detected in
liver tumor tissue. Western blot and IHC showed that SFRP1
expression was suppressed significantly compared with the
control group (Figure 5A and B). Moreover, the protein levels
of B-catenin and MMP7 were increased in HF group, which
indicated the activation of Wnt/B-catenin pathway in HCC
may contribute distal metastasis. EMT-associated proteins
Vimentin and E-cadherin were also detected to further elu-
cidate the mechanisms of the HCC metastasis under obesity
condition. Upregulation of Vimentin and downregulation of
E-cadherin in protein expressions shown in HF group were
compared with that of control group, which suggested that
EMT was involved in HCC metastasis under obesity condi-
tion (Figure 5B). Collectively, these data demonstrated that

miR-27a was upregulated in metastasis of HCC in vivo and
suppressed SFRP1. Activation of the Wnt/B-catenin path-
way, as well as induction of EMT may participate in HCC
metastasis under obesity condition.

SFRPI expression is negatively associated
with the expression of miR-27a in human
HCC tissues

To analyze miR-27a—SFRP1 interactions in human HCC,
we detected the expression of miR-27a using qRT-PCR
and SFRP1 using Western blot in 25 frozen human HCC
tissues (Figure 6A). The results showed that miR-27a was
upregulated and that SFRP1 was downregulated in the
obesity group, compared with the normal group. The inverse
correlation between miR-27a and SFRP1 protein levels in
human HCC were further illustrated using Spearman’s cor-
relation scatter plots (Figure 6B). Besides, we also detected
the relationship between obesity and clinical outcome.
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Follow-up data showed that the overall survival of HCC
patients with high BMI were shorter than those with normal
BMI (Figure 6C).

However, the mechanism underlying obesity promoting
the development and progression of liver cancer is unclear.
Recently, the tumor microenvironment in association with

endocrine modifications provided by the unique adipose
Discussion

Many studies revealed that obesity was one of the risk fac-

tissue, promoting the initiation, proliferation, invasion, and
metastatic progression of tumor, has been extensively dis-
tors for various cancers, including HCC.? Obesity not only  cussed. Besides adipokine and cytokine (leptin, adiponectin,
interleukin [IL]-6, tumor necrosis factor alpha, and IL-1p),

adipogenic microRNA became a new class of regulatory

increased the incidence of HCC but also resulted in impaired
drug treatment efficacy and poor prognosis of HCC.!%!
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molecules that influence carcinoma initiation and metastatic
progression.”>?® miR-27a has been linked with cancer pro-
gression, such as renal carcinoma, colon carcinoma, gastric
adenocarcinoma, pancreatic cancer and lung cancer.?”*! Our

previous work showed that miR-27a was overexpressed in
obese HCC patients than patients with normal body weight
in both serums and tissues.!” We repeated the work with 25
human samples and found that patients with obesity had high
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levels of miR-27a and poor clinical outcomes. In the present
study, we cultured differentiated 3T3-L1 cells with HepG2
cells in vitro and set up HCC metastasis model in obesity
mouse in vivo to mimic the tumor microenvironment in
obese status. MiR-27a expression is consistently upregulated
in culture medium of 3T3-L1 with transfection of miR-27a
plasmid, as well as adipose tissue, liver, and serum in HCC
metastasis model based on obesity. We found that secretory
miR-27a promotes migration and invasion of HCC cells
in vitro, and we also observed more visible metastasis nodes
on lung tissue from orthotopic liver transplantation tumor in
obese. Our results confirmed that miR-27a plays a critical role
on HCC metastasis, particularly in obesity HCC patients.
Numerous signaling pathways are deregulated during
the initiation and progression of HCC, including Wnt/
B-catenin, JAK/STAT, PI3K/Akt/mTOR, Ras/Raf/MEK/
ERK, as well as Hedgehog pathways.?? It is reported that
miR-27a promoted gastric cancer cell metastasis by acti-
vating Wnt/B-catenin signaling pathway** and miR-27a
regulated Wnt/B-catenin signaling through directly targeting
SFRP1 in glioma.?* SFRP1, which is located at chromosome
8pl12-11.1, is a 35-kDa glycoprotein that acts as a member
of negative regulators of Wnt.** After it is released into the
extracellular space, SFRP1 can block the activation of Wnt
signaling pathway by competitively binding to the frizzled
receptors.® The epigenetic silencing of SFRP1 was observed
in HCC and loss of SFRP1 expression is associated with poor
prognosis.****37 These studies provide a clue to investigate
whether miR-27a promote HCC metastasis by targeting
SFRP1, which is further involved in Wnt/B-catenin pathway.
To determine whether the miR-27a regulates HCC progres-
sion via SFRP1, we overexpressed SFRP1 in HepG2 cells,
co-culturing with adipocyte 3T3-L1 transfected miR-27a
plasmid. It was seen that the expressing of SFRP1 prevented
the migration and invasion of HCC in vitro. Meanwhile,
the obesity mouse model revealed upregulation of miR-27a
accompanied by the loss of SFRP1 expression in HF group.
The decreased SFRP1 expression was closely related with
the elevated number of lung metastatic nodes in tumor
metastasis model of obese mice. We further verified the
inverse correlation between miR-27a and SFRP1 protein
levels in human HCC tissues. In addition, the loss of SFRP1
resulted in Wnt proteins binding to the frizzled receptor,
which led to B-catenin accumulation in the cytoplasm by
escaping from degradation and translocated into the nucleus,
where it interacted with its downstream transcription factors
lymphoid-enhancing factor/T-cell factor.”? Our results
showed that overexpressed miR-27a upregulated the protein

level of B-catenin and MMP7; this effect was cut down by
overexpression of SFRP1 in HCC cells. This tendency reap-
peared in tumor tissues of the HF group, compared with that
of control group. Our study pointed that SFRP1 may actas a
direct target gene of miR-27a and can negatively modulate
Wnt/B-catenin pathway in HCC metastasis progression.

The EMT is a crucial developmental event in embryonic
tissue formation and regeneration and is also hijacked by
carcinomas during solid tumor progression.*® It is character-
ized by loss of the epithelial homotypic adhesion molecule
E-cadherin and the gain of mesenchymal markers, such as
Vimentin, which promotes tumor invasion and metastasis.*
EMT is accompanied by the activation of Wnt/B-catenin
pathway. B-catenin is an essential molecule both in cadherin-
mediated cell adhesion and canonical Wnt signaling. Our
results showed that the increased expression of Vimentin and
the decreased E-cadherin expression was linked with high
level of B-catenin in HF group, and the opposite tendency was
observed in the control group. This suggested a possible link
between obesity and EMT through Wnt/B-catenin signaling,
but the mechanism needs to be further investigated.

Conclusion

Our study suggested that obesity-associated miR-27a may
promote HCC metastasis by suppressing SFRP1, subse-
quently activating Wnt/B-catenin signaling, and to some
extent, involvement of EMT. Our findings shed light on the
mechanism the HCC metastasis in obese individuals and
provided miR-27a as a promising target for liver cancer
therapy in obese patients.
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Figure S1 FACS analysis of transfection efficacy.

Notes: (A) 3T3-LI cells transfected with the empty vectors, the miR-27a inhibitor plasmids, and the miR-27a expression plasmids. (B) HepG2 cells transfected with the
empty vectors and the miR-27a expression plasmids. Each transfection experiment was performed 3 times.

Abbreviations: FACS, fluorescence activated cell sorting; SFRPI, secreted frizzled-related protein |.
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