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Up-regulation of miR-877 induced by paclitaxel inhibits
hepatocellular carcinoma cell proliferation though
targeting FOXM1

Xinli Huang, Jianjie Qin, Sen Lu

Center of Liver Transplantation, The First Affiliated Hospital of Nanjing Medical University, The Key Laboratory of
Living Donor Liver Transplantation, Ministry of Health, Nanjing 210029, China

Received October 5, 2014; Accepted November 26, 2014; Epub February 1, 2015; Published February 15, 2015

Abstract: Paclitaxel is an effective chemotherapeutic agent for treatment of cancer patients, and frequently, clinical
outcome is influenced by paclitaxel sensitivity. Despite this, our understanding of the molecular basis of paclitaxel
response is incomplete. Recently, it has been shown that microRNAs (miRNAs) influence messenger RNA (mMRNA)
transcriptional control and can contribute to human carcinogenesis. In the present study, our objective was to iden-
tify miR-877 associated with HCC cell lines response to paclitaxel and to evaluate these miRNAs as therapeutic tar-
gets to increase paclitaxel sensitivity. We measured the expression of miR-877 in paclitaxel-treated HCC cell lines.
We verified that miR-877 was up-regulated in paclitaxel-induced HCC cells by real-time PCR. We further investigated
the role and mechanisms of miR-877. Over-expression of miR-877 in HCC cells partially restores paclitaxel sensi-
tivity. The proliferation activity and the colony formation activity of HCC cells were both inhibited after transfected
with miR-877. MiRNA targets prediction algorithms imply FOXM1 serves as a target gene for miR-877. A fluorescent
reporter assay confirmed that miR-877 binds specifically to the predicted site of the FOXM1 mRNA 3’-untranslated
region (3’UTR). When miR-877 was overexpressed in HCC cells, the protein levels of FOXM1 was downregulated.
These results indicate that miR-877 could influence the sensitivity of paclitaxel treatment in hepatocellular carci-

noma cell lines by targeting FOXM1.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most frequently diagnosed cancer worldwide
[1], but the second leading cause of cancer-
related death in men, the sixth leading cause of
cancer-related death in women. The two main
risk factors for HCC are a viral hepatitis infec-
tion (hepatitis B or C) and cirrhosis (alcoholism
being the most common cause of hepatic cir-
rhosis). Surgical resection is the optimal treat-
ment for HCC, but only 10 to 20% of HCC can
be surgically excised. Therefore, chemothera-
peutic intervention and treatment is essential
for achieving favorable prognosis [2]. The eluci-
dation of the molecular mechanisms underly-
ing the tumorigenicity, proliferation and apopto-
sis of HCC is critically important for the devel-
opment of novel treatments for this disease. In
recent years, improved knowledge on taxane,
paclitaxel or docetaxel, has widened up its

application to many cancers. The systemic che-
motherapy or combination chemotherapy of
paclitaxel is utilized for treating non-small cell
lung cancers, ovarian, prostate, head and neck,
bladder, esophageal cancers, prostate tumors,
gastric carcinoma, adrenocortical carcinoma,
leukemia, human glioma and hepatocellular
carcinoma [3-5]. Paclitaxel-induced cell death
is mediated by multiple mechanisms. Pacli-
taxel’s mechanism of action involves its stabili-
zation of cellular microtubules by inhibiting their
assembly and disassembly. This blocks pro-
gression of mitosis, and prolonged activation of
the mitotic checkpoint triggers apoptosis or
reversion to the G-phase of the cell cycle with-
out cell division [6, 7]. Apoptosis occurs either
during mitotic arrest or after slippage from the
spindle checkpoint [8]. It has been also shown
that paclitaxel-induced cell death is mediated
through the phosphorylation of Bcl-2 that
decreases its antiapoptotic activity [9]. Under-
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standing molecular mechanisms underlying
paclitaxel-mediated cell death has contributed
to the increase in treatment efficacy as well as
selection for appropriate combination with
other therapy that alone has a limited benefit.
So, it is of great interest to find potential bio-
markers for paclitaxel sensitivity evaluation to
improve the therapy. Several genes or microR-
NAs (miRs) have been implicated in paclitaxel
sensitivity or resistance of various cancers. For
example, expression of B-tubulin isotypes [10],
y-actin [11] and LIMK2 [12], and the extracel-
lular matrix protein transforming growth
factor-B induced (TGFBI) [13] was correlated
with paclitaxel sensitivity in different cancers.
MicroRNAs (MiRNAs), a class of novel non-cod-
ing RNAs had been discovered in plants and
animals. MicroRNAs (miRNAs) include 18-26
nucleotides, which regulate gene expression by
binding to specific mRNA targets and promoting
their degradation and/or translational inhibi-
tion. Recently, accumulating evidence has indi-
cated that the altered miRNA levels are related
to the response to chemotheraoeutic agents as
well as oncogenesis. Paclitaxel sensitivity of
various cancer cells was also associated to
expression of miR-200c¢ [14], miR-148a [15],
miR-125b [16], miR-21 [17], miR-337-3p [18]
and miR-34a [19]. However, there are few stud-
ies on biomarkers of HCC cells for paclitaxel.

Of these, the mechanism by which microRNAs
(miRNAs) regulate HCC development has
recently become a focus of research in molecu-
lar biology. Increasing evidence indicates that
MiRNAs are expected to become new diagnos-
tic markers and therapeutic targets of HCC.

As noted above, miRNAs constitute a newly
regulatory layer of gene expression and sug-
gest that miRNAs may influence cancer cell
response to chemotherapy. In present study, to
systematically understand the roles of genes or
miRs in paclitaxel sensitivity, hepatocellular
carcinoma cells, treated with different dose of
paclitaxel for 24 h. we investigated that miR-
877 was differentially expressed in paclitaxel
treated human hepatocellular carcinoma cell
lines HepG2 and QGY-7703. However, the con-
tribution of miR-877 in the tumorigenesis and
progression of HCC has not been fully clarified.
We also hypothesized that FOXM1 could be a
target gene of miR-877. We also studied the
effect of miR-877 on the malignant genotypes
of HCC cells in vitro. In addition, we studied the
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relationship between miR-877 and FOXM1 in
HCC.

Materials and methods
Cell culture and transfection

Human hepatocellular carcinoma cell line
HepG2 and QGY-7703 were maintained in
DMEM and RPMI 1640 (GIBCO), respectively,
with 10% heat-inactivated fetal bovine serum,
100 IU penicillin/ml, and 0.1 mg streptomycin/
ml in a humidified 5% (v/v) atmosphere of CO,
at 37°C.

Fluorescent reporter assay

Cells were transfected with miR-877 or control
vector pcDNA3 in 96-well plates with the
reporter vector pcDNA3/EGFP-FOXM1 3'UTR or
pcDNA3/EGFP-FOXM1 3'UTR-mut. The vector
pDsRed2-N1 (Clontech, Mountain View, CA)
expressing RFP was spiked in and used for nor-
malization. The intensities of EGFP and RFP
fluorescence were detected with Fluorescence
Spectrophotometer F-4500 (Hitachi, Tokyo,
Japan).

Quantitative RT-PCR

To detect the relative levels of the transcripts,
real-time RT-PCR was performed. Briefly, a
cDNA library was generated through reverse
transcription using M-MLV reverse transcrip-
tase (Promega, Madison, WI) with 2 pg of the
large RNA extracted from the cells. The cDNA
was used for the amplification of FOXM1 gene,
and the B-actin gene was used as an endoge-
nous control for the PCR reaction. PCR was per-
formed under the following conditions: 94°C for
4 min, followed by 40 cycles of 94°C for 1 min,
56°C for 1 min, and 72°C for 1 min. PCR prim-
ers were as follows: FOXM1-3'UTR-S: 5-...-3’;
FOXM1-3'UTR-A: 5-...-3". GAPDH-S: 5-CGTGAC-
ATTAAGGAGAAGCTG-3’; GAPDH-AS: 5-CTAGA-
AGCATTTGCGGTGGAC-3'.

To detect the expression level of miR-877, an
RT-PCR assay was performed. Briefly, 2 yg of
small RNA was reverse transcribed to cDNA
using M-MLV reverse transcriptase (Promega)
with the following primers: miR-877-RT primer:
5-..-3"; UB-RT primer: 5-GTCGTATCCAGTGCA
GGGTCCGAGGTATTCGCACTGGATACGA-
CAAAATATGGAAC-3..
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The following PCR primers were used: miR-877-
Fwd: 5-...-3"; U6-Fwd: 5-TGCGGGTGCTCGCTT-
CGGCAGC-3’; Reverse: 5-CCAGTGCAGGGTCCG-
AGGT-3..

PCR cycles were as follows: 94°C for 4 min, fol-
lowed by 40 cycles of 94°C for 30 s, 50°C for
30 s, and 72°C for 40 s. SYBR Premix Ex Tag™
Kit (TaKaRa, Madison, WI) was used following
the manufacturer’s instructions, and real-time
PCR was performed and analyzed by the 7300
Real-Time PCR system (ABI). All primers were
purchased from AuGCT Inc.

MTT assay

HepG2 and QGY-7703 cells were seeded in a
96-well plate at 6,000, 7,000, and 8,000 cells
per well one day prior to transfection, respec-
tively. The cells were transfected with miR-877
mimics or control vector, 0.15 ug per well. The
MTT assay was used to determine cell viability
24 h, 48 h and 72 h after transfection. The
absorbance (A) at 570 nm was measured using
a MPQuant Universal Microplate Spectropho-
tometer (BioTek, Winooski, VT).

Colony formation assay

After transfection, HepG2 cells and QGY-7703
cells were counted and seeded in 12-well
plates (in triplicate) at 50, 60 and 75 cells per
well. Fresh culture medium was replaced every
3 days. Colonies were counted only if they con-
tained more than 50 cells, and the number of
colonies was counted from the 6th day after
seeding and then the cells were stained using
crystal violet. The rate of colony formation was
calculated with the equation: colony formation
rate = (number of colonies/number of seeded
cells) x 100%.

In vivo tumorigenesis

Human hepatocellular carcinoma cell line
HepG2 (106 cells/mouse) which transfected
with miR-877 or mimics control were suspend-
ed in DMEM, injected subcutaneously into the
right flank of nude mice (male; 4-8 weeks old)
obtained from the ? ?, and allowed to grow for
50 days or until the tumor reached a volume of
? ? 2 mm3 (tumor weight, ? ? ? mg). Animals (n
= ? ? per group) were monitored daily and
tumors were measured with a digital caliper
rule twice a week. Tumor volume was estimat-
ed using the formula: Volume = (minor diame-
ter2 x major diameter)/2.
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Flow cytometry-based apoptosis and cell cycle
analysis

Forty eight hours after transfection, cells were
harvested and approximately 0.5 x 106 cells
were suspended in 500 pl of propidium iodide
(PIy solution [20 pg/ml PI, 50 pl/ml RNaseA,
0.02% NP40 in PBS] at 4°C for 30 min. DNA
content analysis was performed by a FACS
Calibur instrument (Becton-Dickinson, Moun-
tain View, CA) and CellQuest software (Becton-
Dickinson). Cells were synchronized at G1/S
transition by serum deprivation for 12 h and 2
mM of hydroxyurea (HU) present for 16-18 h.
Apoptotic cells were detected by FITC Annexin V
apoptosis detection kit (BD Pharmingen) accor-
ding to the protocols recommended by the
manufacturer.

Western blotting

Cultured cells were lysed by RIPA (0.1% SDS,
1% Triton X-100, 1 mM MgCIQ, 10 mM Tris-HCI,
pH 7.4) in 4°C for 30 min. Lysates were collect-
ed and cleared by centrifugation, and the pro-
tein concentration was determined. Total cell
lysates (50 ug) were fractionated by sodium
dodecyl sulfate-polyacrylamide (SDS-PAGE) gel
electrophoresis. Proteins were electroblotted
onto nitrocellulose membranes. Nonspecific
binding sites of membranes were saturated
with 5% skim milk in TBST solution (100 mM
Tris-HCI, pH 7.5, 150 mM NacCl, 0.1% Tween 20)
and incubated for 2 hours with antibodies at
room temperature. The following antibodies
were used: anti-FOXM1 and anti-GAPDH. After
washing with TBST 4 times, the membranes
were incubated with goat anti-rabbit peroxi-
dase-conjugated secondary antibody (Sigma-
Aldrich, St. Louis, MO) in 5% skim milk in TBST
solution for 1 hour at room temperature; reac-
tions were developed using enhanced chemilu-
minescence (Perkin-Elmer Life Sciences, Bo-
ston, MA, USA).

Statistical analysis

Data are expressed as means + standard devi-
ation (SD), and P < 0.05 is considered as statis-
tically significant by Students-Newman-Keuls
test.

Results

Paclitaxel efficacy is correlated with the miR-
877 expression level

Paclitaxel is a mainstay of treatment for many
solid tumors, and frequently, clinical outcome

Int J Clin Exp Pathol 2015;8(2):1515-1524



miR-877 target FOXM1 in HCC

>

4.0 HepG2

3.5 *
=3.0
E26
0 2.0
(2]
© 1.5+
©
21.04

0.5

0.0

1
Un-treated Paclitaxel treated

4.0
3.6
3.0
2.6
2.0
1.5+
1.0
0.6
0.0

HepG2

(U6 as control)

Relative miR-877 expression O Relative miR-877 expression

50 100 200 400 800

Paclitaxel (nmol/l)

Relative miR-877 expression © Relative miR-877 expression @

QGY-7703

-~
o
1

(U6 as control)
CO_=2NNROARMGON
erereTeTeTeT

Un-trla.ated Paclitaxel treated
5.0
4.5+
4.0
3.6+
3.0+
2.54
2.0
1.5
1.0
0.54
0.0

QGY-7703

(U6 as control)

50 100 200 400 800

Paclitaxel (nmol/l)

Figure 1. miR-877 expression in paclitaxel-induced HCC cells. A. The expression level of miR-877 after paclitaxel-
treated in HepG2 cells *P < 0.05. B. The expression level of miR-877 after paclitaxel-treated in QGY-7703 cells *P <
0.05. C. The expression level of miR-877 after paclitaxel-treated in HepG2 cells. The cells were treated with various
doses of paclitaxel (50, 100, 200, 400, and 800 nmol/L). D. The expression level of miR-877 after paclitaxel-treated
in QGY-7703 cells. The cells were treated with various doses of paclitaxel (50, 100, 200, 400, and 800 nmol/L).

is influenced by paclitaxel sensitivity. Despite
this, our understanding of the molecular basis
of paclitaxel response is incomplete. In order to
identify miR-877 associated with liver cancer
cell line response to paclitaxel and to evaluate
miR-877 as therapeutic targets to increase
paclitaxel sensitivity. We measured the expres-
sion level of miR-877 in hepatocellular carcino-
ma cell lines HepG2 and QGY-7703. We found
that miR-877 was significant up regulated after
paclitaxel treated HCC cell lines (Figure 1A,
1B). Furthermore, the expression level of miR-
877 was associated with the dose of paclitaxel
treated to HCC cell lines (Figure 1C, 1D).

Overexpression of miR-877 suppresses HCC
cells proliferation in vitro

In order to study the effects of miR-877 on HCC
cells proliferation, we constructed an overex-
perssion vector: pcDNA3/pri-miR-877. To test
the effect of miR-877 overexpression on HCC
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cell proliferation, we investigated cell growth by
MTT assay and found that miR-877 could dra-
matic reduce HepG2 and QGY-7703 cells
growth, which led to 30% and 35% inhibition of
cell growth at 96h (Figure 2A, 2B). We also per-
formed colony formation assay to further con-
firm the effect of miR-877 on cell proliferation.
The colony formation rate of HepG2 and QGY-
7703 cells transfected with miR-877 mimics
was significantly lower than the control group
(Figure 2C, 2D). These two experiments show
that miR-877 plays a role in inhibiting cell
growth and proliferation in HCC cells. Upregu-
lating of miR-877, cell viability and proliferation
was significantly inhibited.

MIR-877 suppresses tumorigenicity of hepa-
toma cells in vivo

To further determine whether miR-877 is
involved in tumorigenesis of hepatocellular car-
cinoma, nude mouse xenograft model was

Int J Clin Exp Pathol 2015;8(2):1515-1524
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Figure 2. Overexpression of miR-877 suppresses HCC cells proliferation. A. HepG2 cells were transfected with miR-
877 or control vector. Cell growth activity was determined at 24 h, 48 h and 72 h post-transfection by MTT assay.
Values are means + SD of three duplications and the relative cell growth activity is shown (*P < 0.05). B. QGY-7703
cells were transfected with miR-877 or control vector. Cell growth activity was determined at 24 h, 48 h.and 72 h
post-transfection by MTT assay. Values are means + SD of three duplications and the relative cell growth activity is
shown (*P < 0.05). C. The cell independent growth activity in vitro was assessed by colony formation assay. HepG2
cells were transfected with miR-877 or control vector, and then seeded in 6-well plates. Colonies were counted only
if they contained more than 50 cells, and the number of colonies was counted from the 6th day after seeding. The
number of colonies was counted from the 6th day after seeding. The colony formation rate was calculated and was
shown (*P < 0.05). D. QGY-7703 cells were transfected with miR-877 or control vector, and then seeded in 6-well
plates. Colonies were counted only if they contained more than 50 cells, and the number of colonies was counted
from the 6th day after seeding. The number of colonies was counted from the 6th day after seeding. The colony
formation rate was calculated and was shown (*P < 0.05). E. MiR-877 suppresses tumorigenicity of hepatoma cells
in vivo (*P < 0.05).

1519 Int J Clin Exp Pathol 2015;8(2):1515-1524



miR-877 target FOXM1 in HCC

A B
HepG2 }
40- - asYITos ~ QGY-7703 =W G2/M
~ 35- . T 52 100 Js
N S = GO/G1
S 304 e
T 254
) 2
E 20 8 50
% 15' |.°_
£ 101 =
o 5 o
& £
< o 5 o
L] L z
N 1 N 1
<O 1\ ) ol
_?:00“\ ((;\?‘% 'Go(‘\‘ «;\?ﬁ’ s (6@-3’ & é@?’

Figure 3. Overexpression of miR-877 increases the apoptosis of HCC cells. A. The effect of miR-877 on apoptosis
was examined by FCM analysis. HepG2 cells were transfected with miR-877 mimics or miR-control, and then the
medium was replaced with serum-free DMEM for 48 h, cells were analyzed for apoptotic rate after staining with
Annexin V-FITC and PI. Data represent means + S.D. from four independent experiments,*P < 0.05. B. The effect
of miR-877 on apoptosis was examined by FCM analysis. QGY-7703 cells were transfected with miR-877 mim-
ics or miR-control, and then the medium was replaced with serum-free RIPM1640 for 48 h, cells were analyzed
for apoptotic rate after staining with Annexin V-FITC and PI. Data represent means * S.D. from four independent
experiments,*P < 0.05. C. The histogram showed the percentages of HepG2 cells after miR-877 transfection in G1,
S and G2/M phases (n = 3, mean * SD). D. The histogram showed the percentages of QGY-7703 cells after miR-877

transfection in G1, S and G2/M phases (n = 3, mean + SD).

used. Because we found that miR-877 played a
more significant role in promoting HepG2 cells
apoptosis than QGY-7703 cells in vitro, we
explore the role of miR-877 in tumorigenesis of
hepatocellular carcinoma using HepG2 cells.
miR-control- and miR-877-tranfected HepG2
cells were injected subcutaneously into either
posterior flank of the same nude mice. The
mice were followed for observation of xenograft
growth for 4 weeks. It was found that introduc-
tion of miR-877 into HepG2 cells led to a signifi-
cant reduction in the size of tumor volume
(Figure 2E), and tumors derived from miR-877
treated HepG2 cells grew lighter compared with
the control group (Figure 2E). When tumors
were harvested, the average volume of tumors
derived from the miR-877 mimics group was
only ?% of that in the miR-control group (Figure
2E).

MiR-877 mediates cell cycle arrest and poten-
tiates apoptosis in HCC cells

To validate whether miR-877 is able to influ-
ence apoptosis, Flow cytometry assay was per-
formed. The results indicated that the signifi-
cant increase in the apoptosis was observed in
the Hep2 and QGY-7703 cells transfected with
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the upregulation of miR-877. These results
strongly suggested that introduction of miR-
877 could inhibit hepatocellular carcinoma
growth by promoting apoptosis of cancer cells.
To confirm that the expression of miR-877 can
cause G1 arrest, HepG2 and QGY-7703 cells
transfected with miR-877 mimics were syn-
chronized at the G1/S transition by serum star-
vation and Hydroxyurea (HU). DNA content was
examined from the time of HU release. The
results showed that all cells transfected with
miR-877 mimics began to arrest at G1 phase
and inhibited the transfection from G1 phase to
S phase (Figure 3B).

MiR-877 directly inhibits expression of FOXM1
via its 3'UTR

We used bioinformatics methods to predict
miR-877 potential target genes. The 3’'UTR
region of FOXM1 mRNA, contains miR-877
complementary binding sites (Figure 4A).
Luciferase reporter assay has been widely
used in verification of miRNA target genes [20,
21]. To investigate whether FOXM1 can be
directly targeted by miR-877, we performed
luciferase reportor assay, engineering lucifer-

Int J Clin Exp Pathol 2015;8(2):1515-1524
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877 mimics or control (*P < 0.05). D. MiR-877 could upregulated by paclitaxel-treated, and influenced HCC cells
proliferation, cell cycle and apoptosis by targeting FOXM1 mRNA.

ase reportors, that have either the wild-type
3'UTR of FOXM1, or the mutant UTR with a 4
base pair for site-directed mutagenesis in the
complementary seed sequence (Figure 4A).
First, HepG2 and QGY-7703 cells were trans-
fected with pGL3/EGFP-FOXM1 3'UTR, miR-
877 and control mimics. The results showed
that, compared with the control group, trans-
fected with miR-877, the fluorescent EGFP
expression were significantly lower (Figure 4B),
indicating that overexpression of mIiR-877
enhanced miR-877 binding to its target gene
mRNA 3’UTR, so that luciferase activities were
decreased. In contrast, mutant reporters were
not repressed by miR-877 (Figure 4B). These
results suggested that, miR-877 could com-
bine with the specific FOXM1 mRNA 3’UTR bind-
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ing sites and play a role in inhibiting the expres-
sion of FOXM1 gene.

Discussion

Evidence is accumulating to support a role for
miRNAs in the development and progression of
human cancer [22-24]. Changes in miRNA
expression have been found in various malig-
nancies after exposure to cytotoxic stimuli such
as radiotherapy or chemotherapy, by mecha-
nisms that may be both cancer cell-type and
drug specific. Previous studies have shown that
paclitaxel sensitivity may be associated with
the expression of miR-200c in both ovarian
[25] and gastric cancer [26], miR-148 in pros-
tate cancer cells [27], miR-337, miR-34 and
miR-135a in lung cancer [28-30], miR-22 in

Int J Clin Exp Pathol 2015;8(2):1515-1524
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colon cancer [31], and miR-125b and miR-21 in
breast cancer [32, 33].

Chemotherapy is the most common treatment
option for various cancers. The selection of the
right chemotherapeutic agent for individual
cancer patients remains a challenge. Chemo-
therapy-associated morbidity is a major con-
cern, and strategies to limit therapies used to
those that are most likely to be effective have
the potential to change the current paradigm of
cancer treatment. A recently study confirmed
that the expression of miR-508-5p, miR-1260,
miR-183*, miR-1274a, miR-21 and miR-877
was upregulated and the expression of miR-
1290 and miR-1246 was downregulated in
HepG2 cells treated with paclitaxel [34].
Molecular markers, such as miRNAs, might pro-
vide a promising new approach to investigate
the pharmacological effects of paclitaxel.
According to the published literature, We firstly
identified miR-877 that is upregulated ex-
pressed following paclitaxel treatment of HCC
cells. MiR-877 was selected for further exami-
nation based on associations between pacli-
taxel sensitivity and miR-877 expression. We
also found that the expression level of miR-877
had a positive correlation with the dose of
paclitaxel-induced in HCC cell lines. Therefore,
we hypothesized that miR-877 is an inhibitory
factor in HCC cells. We calculated the HCC cell
proliferation through the MTT assay and colony
formation assay to detect the relationship
between miR-877 and the growth inhibition
capacity of HCC cell lines. Overexpression of
miR-877 did influence cell growth inhibition
positively when compared to the control group.
We further showed that overexpressed miR-
877 in HCC cells induced G1 arrest, suppressed
cell proliferation, and induced apoptosis. These
data indicate that miR-877 may act as a tumor
suppressor to inhibit cell proliferation by block-
ing the G1/S transition of HCC cells. In other
words, reduced miR-877 expression in HCC
cells and tissues may promote cell proliferation
by activating the cell cycle. Secondly, bioinfor-
matics analyses predicted a miR-877 binding
site on the FOXM1 transcript. Experimental evi-
dence indicated that FOXM1 was indeed a tar-
get of miR-877. On one hand, the ability of miR-
877 to regulate FOXM1 expression was likely
direct because it bound the 3’'UTR of FOXM1
MRNA complementarily to the miR-877 seed
region. The EGFP fluorescence intensity of
EGFP-FOXM1-3'UTR was specifically responsive
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to miR-877 overexpression (Figure 3B).
Furthermore, mutation of the miR-877 binding
site abolished the effect of miR-877 on the reg-
ulation of EGFP fluorescence intensity. On the
other hand, the endogenous FOXM1 protein
expression was decreased in HCC cells trans-
fected with miR-877. These results suggested
that miR-522 regulated ABCB5 protein expres-
sion at the post transcription level.

Forkhead box M1 (FOXM1), which is character-
ized by the forkhead box domain, is a prolifera-
tion-associated transcription factor that has
important roles in cellular proliferation, cell
cycle progression, tissue repair and carcino-
genesis [35, 36]. Genome-wide gene expres-
sion profiling of cancers has independently
identified FOXM1 as one of the genes whose
expression is most commonly up-regulated in
human solid tumors, such as liver, prostate,
brain, breast, lung, colon, and pancreatic
tumors [37]. In addition, subsequent studies
also demonstrated that high expression of
FOXM1 predicted the poor prognosis of several
malignancies, such as gastric cancer, lung can-
cer, and liver cancer [38-40]. FOXM1 aids can-
cer cells to obtain tumorigenic features and it
plays a critical role in promoting their oncogenic
phenotype. FOXM1 has been implicated in
tumor initiation, expansion, and progression. A
growing body of evidence also suggests that
FOXM1 actively participates in drug resistance
and evasion of cell death.

Cancer cells can survive and expand not only by
the means of proliferation but also by resisting
cell death signals [41]. Apoptosis, perhaps the
most common form of cell elimination, is a
strictly regulated stepwise process.

In conclusion, the development of liver cancer
is characterized by multi-factorial and multi-
stage process. Our studies implicated that miR-
877 could unregulated by paclitaxel-treated
along with the down regulation of FOXM1
expression, and investigate the potential role of
miR-877 in tumorigenesis by regulating cell
perliferation, apoptosis and cell cycle. The
reported chemotherapy sensitivity signatures
can be used effectively in the prediction of
response, while other predictors of oncogenic
pathway activation and even tumor microenvi-
ronment should add information that further
improves our understanding of cancer biology
while also leading to alternative therapeutics
for predicted non-responders. Importantly, rel-
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evant molecular or pathologic information may
aid our understanding of chemotherapy resis-
tance and sensitivity in HCC.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Sen Lu, Center of
Liver Transplantation, The First Affiliated Hospital of
Nanjing Medical University, The Key Laboratory of
Living Donor Liver Transplantation, Ministry of
Health, Nanjing 210029, China. Tel: +86
25-68136052; Fax: +86 25-68136052; E-mail:
lusen1005@163.com

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E,
Forman D. Global cancer statistics. CA Cancer
J Clin 2011; 61: 69-90.

[2] Lin DY, Lin SM, Liaw YF. Non-surgical treatment
of hepatocellular carcinoma. J Gastroenterol
Hepatol 1997; 12: S319-28

[3] Henley D, Ishill M, Fernando R, Foster JS,
Wimalasena J. Paclitaxel induced apoptosis in
breast cancer cells requires cell cycle transit
but not Cdc2 activity. Cancer Chemother
Pharmacol 2007; 59: 235-249.

[4] OfirR, Seidman R, Rabinski T, Krup M, Yavelsky
V, Weinstein Y, Wolfson M. Taxol-induced
apoptosis in human SKOV3 ovarian and MCF7
breast carcinoma cells is caspase-3 and cas-
pase-9 independent. Cell Death Differ 2002;
9: 636-42.

[5] Andrea F, Robert B, Robert KS. Abrogation of
taxol induced G2-M arrest and apoptosis in hu-
man ovarian cancer cells grown as multicellu-
lar tumor spheroids. Cancer Res 1997; 57:
2388-2393.

[6] BharadwajR, Yu H. The spindle checkpoint, an-
euploidy, and cancer. Oncogene 2004; 23:
2016-7.

[7]1 Brito DA, Yang Z, Rieder CL. Microtubules do
not promote mitotic slippage when the spindle
assembly checkpoint cannot be satisfied. J
Cell Biol 2008; 182: 623-9.

[8] Wang TH, Wang HS, Soong YK. Paclitaxel-
induced cell death: where the cell cycle and
apoptosis come together. Cancer 2000; 88:
2619-2628.

[9] Furukawa Y, lwase S, Kikuchi J, Terui Y,
Nakamura M, Yamada H, Kano Y, Matsuda M.
Phosphorylation of Bcl-2 protein by CDC2 ki-
nase during G2/M phases and its role in cell
cycle regulation. J Biol Chem 2000; 275:
21661-21667.

[10] Rosell R, Scagliotti G, Danenberg KD, Lord RV,
Bepler G, Novello S, Cooc J, Crino L, Sanchez

1523

(11]

[12]

(13]

(16]

(17]

(19]

JJ, Taron M, Boni C, De Marinis F, Tonato M,
Marangolo M, Gozzelino F, Di Costanzo F,
Rinaldi M, Salonga D, Stephens C. Transcripts
in pretreatment biopsies from a three-arm ran-
domized trial in metastatic non-small-cell lung
cancer. Oncogene 2003; 22: 3548-3553.
Verrills NM, Po’uha ST, Liu ML, Liaw TY, Larsen
MR, Ivery MT, Marshall GM, Gunning PW,
Kavallaris M. Alterations in gamma-actin and
tubulin-targeted drug resistance in childhood
leukemia. J Natl Cancer Inst 2006; 98: 1363-
1374.

Dan S, Tsunoda T, Kitahara O, Yanagawa R,
Zembutsu H, Katagiri T, Yamazaki K, Nakamura
Y, Yamori T. An integrated database of chemo-
sensitivity to 55 anticancer drugs and gene
expression profiles of 39 human cancer cell
lines. Cancer Res 2002; 62: 1139-1147.
Ahmed AA, Mills AD, Ibrahim AE, Temple J,
Blenkiron C, Vias M, Massie CE, lyer NG,
McGeoch A, Crawford R, Nicke B, Downward J,
Swanton C, Bell SD, Earl HM, Laskey RA,
Caldas C, Brenton JD. The extracellular matrix
protein TGFBI induces microtubule stabiliza-
tion and sensitizes ovarian cancers to pacli-
taxel. Cancer Cell 2007; 12: 514-527.
Cochrane DR, Spoelstra NS, Howe EN, Nordeen
SK, Richer JK. MicroRNA-200c mitigates inva-
siveness and restores sensitivity to microtu-
bule-targeting chemotherapeutic agents. Mol
Cancer Ther 2009; 8: 1055-1066.

Fujita Y, Kojima K, Ohhashi R, Hamada N,
Nozawa Y, Kitamoto A, Sato A, Kondo S, Kojima
T, Deguchi T, Ito M. MiR-148a attenuates pacli-
taxel resistance of hormone-refractory, drug-
resistant prostate cancer PC3 cells by regulat-
ing MSKZ1expression. J Biol Chem 2010; 285:
19076-19084.

Zhou M, Liu Z, Zhao Y, Ding Y, Liu H, Xi Y, Xiong
W, Li G, Lu J, Fodstad O, Riker Al, Tan M.
MicroRNA-125b confers the resistance of
breast cancer cells to paclitaxel through sup-
pression of pro-apoptotic Bcl-2 antagonist Kill-
er 1 (Bakl) expression. J Biol Chem 2010;
285: 21496-21507.

Ren Y, Zhou X, Mei M, Yuan XB, Han L, Wang
GX, Jia ZF, Xu P, Pu PY, Kang CS. MicroRNA-21
inhibitor sensitizes human glioblastoma cells
U251 (PTEN-mutant) and LN229 (PTEN-wild
type) to taxol. BMC Cancer 2010; 10: 27.

Du L, Subauste MC, DeSevo C, Zhao Z, Baker
M, Borkowski R, Schageman JJ, Greer R, Yang
CR, Suraokar M, Wistuba Il, Gazdar AF, Minna
JD, Pertsemlidis A. miR-337-3p and its targets
STAT3 and RAP1A modulate taxane sensitivity
in non-small cell lung cancers. PLoS One 2012;
7: e39167.

Singh S, Chitkara D, Mehrazin R, Behrman SW,
Wake RW, Mahato RI. Chemoresistance in

Int J Clin Exp Pathol 2015;8(2):1515-1524


mailto:lusen1005@163.com

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

miR-877 target FOXM1 in HCC

prostate cancer cells is regulated by miRNAs
and Hedgehog pathway. PLoS One 2012; 7:
e40021.

Calin GA, Sevignani C, Dumitru CD, Hyslop T,
Noch E, Yendamuri S, Shimizu M, Rattan S,
Bullrich F, Negrini M, Croce CM. Human
microRNA genes are frequently located at
fragile sites and genomic regions involved in
cancers. Proc Natl Acad Sci U S A 2004; 101:
2999-3004.

Frankel LB, Christoffersen NR, Jacobsen A,
Lindow M, Krogh A, Lund AH. Programmed cell
death 4 (PDCD4) is an important functional
target of the microRNA miR-21 in breast can-
cer cells. J Biol Chem 2008; 283: 1026-1033.
Lu J, Getz G, Miska EA, Alvarez-Saavedra E,
Lamb J, Peck D, Sweet-Cordero A, Ebert BL,
Mak RH, Ferrando AA, Downing JR, Jacks T,
Horvitz HR, Golub TR. MicroRNA expression
profiles classify human cancers. Nature 2005;
435: 834-838.

Sontheimer EJ, Carthew RW. Silence from with-
in: endogenous siRNAs and miRNAs. Cell
2005; 122: 9-12.

O’Donnell KA, Wentzel EA, Zeller KI, Dang CV,
Mendell JT. c-Myc-regulated microRNAs modu-
late E2F1 expression. Nature 2005; 435: 839-
843.

Cittelly DM, Dimitrova I, Howe EN, Cochrane
DR, Jean A, Spoelstra NS, Post MD, Lu X,
Broaddus RR, Spillman MA, Richer JK.
Restoration of miR-200c to ovarian cancer re-
duces tumor burden and increases sensitivity
to paclitaxel. Mol Cancer Ther 2012; 11: 2556-
2565.

Chen 'Y, Zuo J, Liu Y, Gao H, Liu W. Inhibitory
effects of MiRNA-200¢ on chemotherapy-resis-
tance and cell proliferation of gastric cancer
SGC7901/DDP cells. Chin J Cancer 2010; 29:
1006-1011.

Fujita Y, Kojima K, Ohhashi R, Hamada N,
Nozawa Y, Kitamoto A, Sato A, Kondo S, Kojima
T, Deguchi T, Ilto M. MiR-148a attenuates
paclitaxel resistance of hormone-refractory,
drug-resistant prostate cancer PC3 cells by
regulating MSK1 expression. J Biol Chem
2010; 285: 19076-19084.

Du L, Subauste MC, DeSevo C, Zhao Z, Baker
M, Borkowski R, Schageman JJ, Greer R, Yang
CR, Suraokar M, Wistuba Il, Gazdar AF, Minna
JD, Pertsemlidis A. miR-337-3p and its targets
STAT3 andRAP1A modulate taxane sensitivity
in non-small cell lung cancers. PLoS One 2012;
7: €39167.

Catuogno S, Cerchia L, Romano G, Pognonec P,
Condorelli G, de Franciscis V. miR-34¢ may pro-
tect lung cancer cells from paclitaxel-induced
apoptosis. Oncogene 2013; 32: 341-351.

1524

[30]

(31]

(32]

(33]

(34]

(35]

(36]

[37]

(38]

(39]

[40]

[41]

Holleman A, Chung |, Olsen RR, Kwak B,
Mizokami A, Saijo N, Parissenti A, Duan Z,
Voest EE, Zetter BR. miR-135a contributes to
paclitaxel resistance in tumor cells both in vi-
tro and in vivo. Oncogene 2011; 30: 4386-
4398.

Li J, Zhang Y, Zhao J, Kong F, Chen Y.
Overexpression of miR-22 reverses paclitaxel-
induced chemoresistance through activation
of PTEN signaling in p53-mutated colon can-
cer cells. Mol Cell Biochem 2011; 357: 31-38.
Zhou M, Liu Z, Zhao Y, Ding Y, Liu H, Xi 'Y, Xiong
W, Li G, Lu J, Fodstad O, Riker Al, Tan M.
MicroRNA-125b confers the resistance of
breast cancer cells to paclitaxel through sup-
pression of pro-apoptotic Bcl-2 antagonist Kill-
er 1 (Bakl) expression. J Biol Chem 2010;
285: 21496-21507.

Mei M, Ren Y, Zhou X, Yuan XB, Han L, Wang
GX, JiaZ, PuPY, KangCS, Yao Z. Downregulation
of miR-21 enhances chemotherapeutic effect
of taxol in breast carcinoma cells. Technol
Cancer Res Treat 2010; 9: 77-86.

Yan H, Wang S, Yu H, Zhu J, Chen C. Molecular
pathways and functional analysis of mirna ex-
pression associated with paclitaxel-induced
apoptosis in hepatocellular carcinoma cells.
Pharmacology 2013; 92: 167-174.

Myatt SS, Lam EW. The emerging roles of fork-
head box (Fox) proteins in cancer. Nat Rev
Cancer 2007; 7: 847-859.

Laoukili J, Stahl M, Medema RH. FoxM1: at the
crossroads of ageing and cancer. Biochim
Biophys Acta 2007; 1775: 92-102.

Pilarsky C, Wenzig M, Specht T, Saeger HD,
Gritzmann R. Identification and validation of
commonly overexpressed genes in solid tu-
mors by comparison of microarray data.
Neoplasia 2004; 6: 744-750.

Li X, Qiu W, Liu B, Yao R, Liu S, Yao Y, Liang J.
Forkhead box transcription factor 1 expression
in gastric cancer: FOXM1 is a poor prognostic
factor and mediates resistance to docetaxel. J
Transl Med 2013; 11: 204.

Xu N, Jia D, Chen W, Wang H, Liu F, Ge H, Zhu
X, Song Y, Zhang X, Zhang D. FoxM1 is associ-
ated with poor prognosis of non-small cell lung
cancer patients through promoting tumor me-
tastasis. PLoS One 2013; 8: €59412.

Frau M, Feo F, Pascale RM. Pleiotropic effects
of methionine adenosyltransferases deregula-
tion as determinants of liver cancer progres-
sion and prognosis. J Hepatol 2013; 59: 830-
841.

Hanahan D, Weinberg RA. The hallmarks of
cancer. Cell 2000; 100: 57-70.

Int J Clin Exp Pathol 2015;8(2):1515-1524



