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Wnt/β-catenin signaling inhibits FBXW7 expression
by upregulation of microRNA-770 in hepatocellular carcinoma
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Abstract FBXW7 (F-box andWD repeat domain-containing
7) is the F-box protein component of a Skp1–Cul1–F-box
protein–type (SCF-type) ubiquitin ligase. Previous studies
have shown that FBXW7 serves as a tumor suppressor and
is frequently downregulated in many types of human neo-
plasms. However, the molecular mechanisms for its downreg-
ulation remain poorly understood. Hyperactivation of Wnt/β-
catenin signaling pathway is viewed as crucial for tumorigen-
esis, including hepatocellular carcinoma (HCC). In the present
study, we show that protein levels, but not message RNA, of
FBXW7 were suppressed by Wnt3a treatment or transfection
of a constitutively activated β-catenin in HCC cells. Besides,
microRNA-770 was identified as an important downstream
target of Wnt/β-catenin signaling, to inhibit FBXW7 expres-
sion through targeting its 3′-untranslated region. Thus, our

results suggest a previously unknown Wnt/β catenin–miR-
770–FBXW7 molecular network in the HCC development.
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Introduction

The ubiquitin–proteasome system (UPS) plays an important
role in many biological events, such as regulation of cell pro-
liferation, differentiation, apoptosis, and many more [1, 2].
Recent studies have shown that defects in the UPS compo-
nents could contribute to human diseases, including tumori-
genesis [3, 4]. For instance, overexpression of Skp2 (S-phase
kinase-associated protein 2) is required for cell–cycle progres-
sion by ubiquitination and degradation of several cell–cycle
regulators, including p27, Foxo1, and p130 [5, 6]. Therefore,
targeting the UPSmight provide efficient anti-cancer drugs for
patients.

FBXW7 (F-box and WD repeat domain-containing 7), a
component of Skp1-Cul1-F box protein ubiquitin ligase, is
considered as a tumor suppressor protein in human cancers,
including hepatocellular carcinoma (HCC) [7, 8]. This is sup-
ported by several lines of evidence. Firstly, FBXW7 targets
multiple oncoproteins including mTOR, c-myc, Cyclin E, c-
Jun, and SRC-3 for ubiquitination-mediated degradation
[9–13]. Secondly, hepatic deletion of FBXW7 led to hepato-
megaly and steatohepatitis, accompanied with increased cell
proliferation [14]. Thirdly, mutation or reduced expression of
FBXW7 has been observed in many types of human malig-
nancy, such as gastric, prostate, pancreatic, and colorectal can-
cer [15–17]. However, the upstream signaling pathway that
inhibits its expression remains largely unknown.
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Persistent activation of oncogenic pathways, such as Wnt/
β-catenin, NF-κB, and Stat3 signalings, is a hallmark of hu-
man cancer [18, 19]. In this study, we aim to investigate
whether FBXW7 could be regulated by these signalings, and
our results indicate that Wnt/β-catenin signaling is a major
regulator of FBXW7 expression in HCC.

Materials and methods

Cell culture and reagents

HCC cell lines (HepG2 and Hep3B cells) were obtained from
The Cell Bank of Type Culture Collection of Chinese Acade-
my of Sciences (CAS, Shanghai). Cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
Shanghai) supplemented with 10 % fetal bovine serum
(Gibco) and maintained at 37 °C in a humidified atmosphere
with 5 % CO2.

Adenovirus and small interfering RNA

Recombinant adenovirus expressing constitutively activated
β-catenin (CA-β-catenin) or empty vector was generated
using the AdEasy™ Adenoviral Vector System (Qbiogene,
Irvine, CA, USA) according to the manufacturer’s instruc-
tions. Small interfering RNA targeting β-catenin (5′-
GCGCAGCTCGTGTATACTA-3′) or negative control (5′-
ATCTCTCAACGACATGCGTAA-3′) was designed and syn-
thesized by Genepharma Company (Shanghai, China).

mRNA isolation and quantitative real-time PCR

Total RNA was extracted using the RNeasy Plus Mini Kit
(74134, QIAGEN) according to the manufacturer’s

instructions. Quantitative real-time PCR was performed
by using an Applied Biosystems 7300 Real-time PCR Sys-
tem and a TaqMan Universal PCR Master Mix. Expression
of the target genes was normalized to that of β-actin. The
primer sequences were listed as follows: β-catenin (For-
ward: 5′-CCAACGACTACCACCAACTTT-3′, Reverse:
5′-GCCAGGTCTGGTTCATTGCT-3′); β-actin (Forward:
5 ′-CTCGACACCAGGGCGTTATG-3 ′, Reverse: 5 ′-
CCACTCCATGCTCGATAGGAT-3′).

Western blot

Cells were lysed with ice-cold lysis buffer consisting of
50 mM Tris-HCl, 100 mM 2-mercaptoethanol, 2 % w/v
SDS, and 10 % glycerol, supplemented with protease
inhibitor cocktail (Beyotime). After incubation on ice
for 30 min, the mixture was centrifuged at 10,000g for
10 min at 4 °C. Proteins in the supernatant were col-
lected, quantified, separated by 10 % SDS PAGE, and
transferred onto a PVDF membrane (Millipore, Bedford,
MA, USA). Primary ant ibodies [ant i-β -catenin
(ab32572), anti-β actin (ab6276)], all from Abcam
Company (Abcam, Cambridge, MA, USA)], were incu-
bated overnight at 4 °C, and specific proteins were vi-
sualized by ECL Plus (Amersham Biosciences Inc,
Buckinghamshire, UK).

Promoter construction, transfection, and luciferase
reporter assays

Mutations were introduced in TCF binding sites using
the QuikChange site-directed mutagenesis Kit (Strata-
gene, USA). Transfection was performed with Lipofec-
tamine 2000 (Invitrogen) according to the manufac-
turer’s recommendations. The pRL-TK vector (Promega,

Fig. 1 Wnt3a inhibits FBXW7
protein expression in HCC cells.
a, b Relative mRNA (a) and
representative protein (b) levels of
FBXW7 in HepG2 cells treated
with TNFα, IL-6, Wnt3a, or
vehicle ctrl. c, d Relative mRNA
(c) and representative protein (d)
levels of FBXW7 in Hep3B cells
treated withWnt3a or vehicle ctrl.
Ctrl control
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USA) carrying the Renilla luciferase gene was used to
normalize the transfection efficiency. Luciferase values

were measured using the Dual-Luciferase Reporter As-
say System (Promega).

Fig. 2 Transfection of
constitutively activated β-catenin
inhibits FBXW7 protein expres-
sion in HCC cells. a–d Relative
mRNA (a, c) and representative
protein (b, d) levels of FBXW7 in
HepG2 and Hep3B cells
transfected with adenovirus ex-
pressing constitutively activated
β-catenin or EV. EVempty vector

Fig. 3 Knockdown of
endogenous β-catenin
upregulates FBXW7 protein ex-
pression in HCC cells. a–d Rela-
tive mRNA (a, c) and representa-
tive protein (b, d) levels of
FBXW7 and β-catenin in HepG2
and Hep3B cells transfected with
small interfering RNA targeting
β-catenin or NC. NC negative
control
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BrdU incorporation

A cell proliferation enzyme-linked immunosorbent assay
(BrdU kit; Beyotime) was used to analyze the incorpo-
ration of BrdU during DNA synthesis following the
manufacturer’s protocols. Absorbance was measured at
450 nm in the Spectra Max 190 ELISA reader (Molec-
ular Devices, Sunnyvale, CA).

Statistical analysis

All data are expressed as mean±standard error (SE)
values of four independent experiments. Significance

was analyzed using two-tailed Student’s t test. P<0.05
was considered statistically significant (*p<0.05,
**p<0.01, ***p<0.001).

Results

Activation of Wnt/β-catenin signaling suppresses protein
level of FBXW7

In order to determine the upstream regulators of
FBXW7 in HCC tumorigenesis, HepG2 cells were treat-
ed with agonists of Wnt/β-catenin, NF-κB, and Stat3

Fig. 4 Activation of β-catenin
promotes miR-770 expression. a–
c Relative expression levels of
miR-770 in HepG2 cells treated
with Wnt3a (a), adenovirus ex-
pressing constitutively activated
β-catenin (b), or small interfering
RNA targeting β-catenin (c). d
Relative luciferase activity of
miR-770 promoter in HepG2
cells

Fig. 5 miR-770 represses FBXW7 protein expression through targeting
its 3′-UTR. a Relative luciferase activity of wild-type or mutant FBXW7
3′-UTR in HepG2 cells transfected with NC, miR-770 mimics, or miR-
770 antisense. b, c Representative protein levels of FBXW7 in HepG2

cells transfected with NC, miR-770 mimics (b), or miR-770 antisense (c).
d Representative protein levels of FBXW7 in HepG2 cells transfected
with NC or miR-770 antisense. Cells were treated with Wnt3a or vehicle
control for another 24 h
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signaling pathways (TNFα, IL-6, and Wnt3a). As a re-
sult, message RNA levels of FBXW7 were not affected
by these cytokines (Fig. 1a). However, its protein con-
tents were dramatically reduced upon Wnt3a treatment
(Fig. 1b). Similar results were also detected in Hep3B
cells (Fig. 1c, d). To rule out possible non-specific ef-
fects of Wnt3a, adenovirus-mediated overexpression of
constitutively activated β-catenin (CA-β-catenin) was
introduced into HepG2 and Hep3B cells. In agreement,
CA-β-catenin significantly suppressed the protein levels
of FBXW7 (Fig. 2a–d). Therefore, our results clearly
demonstrate that activation of Wnt/β-catenin inhibits
FBXW7 expression in HCC cells.

Knockdown of β-catenin increases FBXW7 expression

To further show the regulation of FBXW7 by β-catenin, en-
dogenous β-catenin was depleted by small interfering RNA
(siRNA) in HCC cells. As expected, ablation of β-catenin
increased FBXW7 protein levels in HepG2 and Hep3B cells
(Fig. 3a–d), further showing a negative correlation betweenβ-
catenin and FBXW7.

Upregulation of miR 770 by Wnt/β-catenin activation

Given thatWnt/β-catenin signaling regulates FBXW7 expres-
sion at the post-transcription/translation level, we speculate

Fig. 6 miR-770 promotes HCC cell proliferation. a–f Cell viability, proliferation abilities, and growth curves in HepG2 (a–c) or Hep3B (d–f) cells
transfected with NC, miR-770 mimics, or miR-770 antisense

Fig. 7 Overexpression of
FBXW7 inhibits HCC
proliferation. a Representative
protein levels of FBXW7 in
HepG2 cells transfected with
adenovirus expressing FBXW7
or EV. b–d Cell viability (b),
proliferation abilities (c), and
growth curves (d) in HepG2 cells
transfected with adenovirus
expressing FBXW7 or EV. EV
empty vector
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that microRNAs, a class of short and non-coding RNAs,
might be involved in this process. Using the miRWalk algo-
rithm based on seed recognition [20], several miRNAs were
identified that potentially interact with the 3′-untranslated re-
gion (3′-UTR) of FBXW7 (data not shown). Notably, only
miR-770 was increased in HepG2 cells treated with Wnt3a
or infected with CA-β-catenin (Fig. 4a, b). Consistently,
knockdown of endogenous β-catenin reduced miR-770 ex-
pression (Fig. 4c). Besides, a β-catenin/TCF binding site
was also detected by luciferase reporter assays, in which the
wild-type and mutant promoter region of miR-770 was cloned
and inserted into the luciferase vectors (Fig. 4d). Together,
these data indicate that miR-770 represents a downstream tar-
get of Wnt/β-catenin signaling.

miR-770 inhibits FBXW7 expression by targeting
its 3′-UTR

To further examine the role of miR-770, we first performed
luciferase reporter assays in HepG2 cells using 3′-UTR of
FBXW7. As shown in Fig. 5a, overexpression of miR-770
mimics led to a reduction of luciferase activity when the re-
porter construct contained the wild-type 3′-UTR (Fig. 5a).
However, mutation of the miR-770 binding site abolished
the suppressive effect of miR-770 mimics (Fig. 5a). In addi-
tion, our Western blot analysis showed that endogenous pro-
tein levels of FBXW7 were substantially downregulated or
upregulated by miR-367 mimics or antisense, respectively
(Fig. 5b, c). Moreover, depletion of miR-770 largely attenuat-
ed the inhibitory effects of Wnt/β-catenin signaling on the
expression of FBXW7 (Fig. 5d).

miR-770 regulates HCC cell proliferation

Previous studies have shown that FBXW7 inhibits cell prolif-
eration and tumorigenesis through destabilizing several
oncoproteins. Therefore, HepG2 and Hep3B cells were
transfected with miR-770 mimics and antisense, followed by
cell viability, proliferation, and growth assays. As expected,
cell viability, proliferation abilities, and growth rates were
enhanced and suppressed by miR-770 mimics and antisense,
respectively (Fig. 6a–f). Moreover, overexpression of
FBXW7 in HepG2 cells phenocopies the effects of miR-770
depletion on the HCC cell growth (Fig. 7a–d), further suggest-
ing the proliferative roles of miR-770 rely on, at least in part,
its repression of FBXW7.

Discussion

In the present study, Wnt/β-catenin signaling was shown to
repress FBXW7 protein expression in HCC cells. At the mo-
lecular level, miR-770 was found to be a transcriptional target

of Wnt/β-catenin signaling. Therefore, the present study pro-
poses a novel mechanism for the downregulation of FBXW7
in human cancers.

Although recent studies have discovered the targets of
FBXW7 ubiquitin ligase pathway, how FBXW7 itself is reg-
ulated is largely unclear in human cancers. Emerging evidence
has demonstrated that several transcription factors could reg-
ulate the expression of FBXW7, including p53, C/EBP-δ
(CCAAT/enhancer-binding protein-δ), and Hes5 (hairy and
enhancer-of-split homologues 5) [21–24]. For instance,
Kimura et al. found that FBXW7 was induced in a p53-
dependent manner in response to genotoxic stresses caused
by UV irradiation and adriamycin treatment [21]. Subsequent-
ly, Mao et al. identified FBXW7 gene as a p53-dependent
tumor suppressor gene in tumorigenesis [22]. Therefore,
targeting the p53 signaling pathway may potentially influence
FBXW7 expression in human cancers.

Interestingly, accumulated evidence has also shown that
several miRNAs including miR-223, miR-25, and miR-92a
could regulate FBXW7 expression in tumorigenesis [25–27].
Therefore, together with previous studies, our results suggest
that restoring the expression of FBXW7 by suppressing these
miRNAs might be useful to design novel therapeutic drugs to
treat cancer patients. Interestingly, Ma et al. showed that ge-
nistein, a natural compound, could upregulate FBXW7 by
reducing the expression of miR-223 [28]. As a result, genis-
tein could inhibit cell growth and induce apoptosis in pancre-
atic cancer cells [28]. Thus, further understanding the regula-
tory pathways that control FBXW7 expression will be bene-
ficial to develop anti-cancer effects in the future.
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