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Effects of miR-155 on proliferation and apoptosis
by regulating FoxO3a/BIM in liver cancer
cell line HCCLM3
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Abstract. — OBJECTIVE: MiR-155 has been
shown to be up-regulated in hepatocellular carci-
noma (HCC) patients. B-cell lymphoma-2 (Bcl-2)
interacting mediator of cell death (BIM) regulates
cell proliferation and apoptosis, as its down-reg-
ulation is involved in HCC onset. Transcription-
al factor FoxO3a mediates BIM expression and
is related to HCC pathogenesis. Bioinformatics
analysis showed targeted regulation of FoxO3a
by miR-155. This study aims to investigate wheth-
er miR-155 plays a role in mediating FoxO3a/BIM
signal pathway and HCC occurrence.

PATIENTS AND METHODS: HCC patients were
collected for tumor and adjacent tissues, i
which microRNA-155 (miR-155) and FoxO3a
pressions were examined. In vitro cultured
CLM3, HepG2 and L-02 cells were tested for
al apoptotic rate by flow cytometry and
compared for miR-155 and FoxO3a express
Dual-luciferase reporter gene assay demo
strated the targeted relationship be i
155 and FoxO3a. HCCLM3 cells
with miR-155 inhibitor and/or Fox
Cell apoptosis and proliferation wer
by using flow cytometry and MTT a

tissues had signific
significantly lower F

er FoxO3a expre
compared to L
significantly

tissues elevated the
ed the FoxO3a expres-
ted and inhibited FoxO3a
ppress the BIM, depress
caspase-9 activities, therefore
C cell apoptosis and facilitating
proliferation.
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er is a common malignant
d is the fifth popular cancer
t mortality, only next to pul-
and gastric carcinoma'. Hepa-

r of forehead transcriptional factor family.
definitive tumor suppressor gene, FoxO3a
critical roles in inhibiting cell proliferation,
rresting cell cycle, and inducing cell apoptosis®.
FoxO3a down-regulation or inactivation has been
confirmed to be related with occurrence, pro-
gression, and drug resistance of multiple tumors
including colorectal cancer?, breast cancer®, and
pancreatic carcinoma®. B-cell lymphoma-2 (Bcl-
2) interacting mediator of cell death (BIM) is key
mediator for mitochondrial apoptosis signal pa-
thway, as it can activate Bax with cross-interaction
with Bcl-2/Bax to initiate mitochondria-depen-
dent endogenous apoptotic signal transduction’.
FoxO3a also exerts anti-tumor effects via regu-
lating expression of downstream molecule BIM,
and inhibiting cell proliferation and facilitating
cell apoptosis®. Increasing evidence®!? showed si-
gnificantly lower FoxO3a expression or function
in HCC tumor tissues, indicating possible role of
FoxO3a abnormality in HCC pathogenesis. Mi-
croRNA is one type of non-coding single-stran-
ded RNA with 22-25 nucleotides length that is re-
cently identified in eukaryotes. It regulates more
than one-third of human genes via targeted de-
gradation of mRNA or inhibition of translation,
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thus participating in tissue/organ development,
cell proliferation, apoptosis, and differentiation,
with increasing attentions in tumor occurrence
by expressional or functional abnormality!!. MiR-
155 locates in human chromosome 21g21 and is
coded by one highly conserved region in 3 exon
of B-cell integration cluster (BIC) gene!'?. Several
researches show abnormal expression of miR-155
in multiple tumor tissues'>'®, indicating the close
correlation with tumor occurrence, progression,
and prognosis. Previous reports'®!” showed signi-
ficantly elevated miR-155 expression in HCC tu-
mor tissues, indicating its possible oncogene role
in HCC onset. Bioinformatics analysis showed
satisfactory targeted complementary correlation
between miR-155 and 3’-UTR of FoxO3a. This
study thus investigated if miR-155 played a role in
regulating FoxO3a expression and affecting proli-
feration and apoptosis of liver cancer cells.

Patients and Methods

Major Reagent and Materials
High migrated liver cancer cell ling
low migrated liver cancer cell line F

tomycin were purchased f]
Ltd. (Grand Island, NY,
traction kit was purch
(St. Louis, MO, US
transfection reagent

Scientific (Wal-
was purcha-

g hﬁology Inc. (Danvers, MA,
eradish peroxidase (HRP) conjugated
p [2G (Catalogue No. 111-035-003)

(West Grove, PA, USA). Caspase-9 and caspase-3

1278

activity assay kits were g
Biotech. (Shanghai,
tosis kit was purchay
nology (Shanghai, €
ter assay syste
were all purch

ples and adjacent tis-
ed during the surgery. There are
es, aging between 37 and 71
.2 years). There were 10, 9,
stage I, II, and III. All sam-

his study has been approved by

3, HepG2, and L-02 cells were kept
in high glucose DMEM medium containing 10%
Bnd 1% penicillin-streptomycin, in a culture
foer at 37°C with 5% CO,. Culture medium
was changed every two days. Cells at log-growth
phase with good status were used in further expe-
riments.

Dual Luciferase Reporter Gene Assay

Using HEK293 DNA as the template, full-len-
gth fragment of 3’-UTR of FoxO3a gene was am-
plified. PCR products were collected from aga-
rose gel, and were ligated into pGL-3M plasmid
after enzymatic digestion. The recombinant pla-
smid was then used to transform DHS5a compe-
tent cells. Primary screening was performed with
PCR. Positive clones with correct sequences were
selected for transfection further experiments.
X-tremeGENE siRNA Transfection Reagent was
used to co-transfect pGL3-FoxO3a-3’UTR-wt (or
pGL3Fox03a-3’UTR-mut) and miR-155 mimic
into HEK293 cells. After 48 h continuous incuba-
tion, dual-luciferase activity was examined.

Construction of Over-expression Plasmid
and Cell Transfection

Primers were designed based on mRNA sequen-
ce of FoxO3a obtained in Gene Bank (Forward,
5’-ATCCTCGAGATGGCAGAGGCACCGGCT-
TCC-3’; Reverse, 5-ATGGATCCTCAGCCTG-
GCACCCAGCTCTG-3’). Using cDNA as the
template, FoxO3a gene fragment was amplified.
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After gel extraction and purification, PCR pro-
ducts were ligated into pMDIS-T vector with
EcoR1 and Sall digestion to transform JM109
competent cells. By positive selection using am-
picillin-containing culture medium, positive clo-
ne was further amplified to extract recombinant
plasmid. With confirmation by DNA sequencing,
X-tremeGENE siRNA Transfection Reagent was
used to transfect inhibitor NC, miR-155 inhibitor,
negative controlled plasmid (NC-pMDI18-T) and
over-expression plasmid (FoxO3a-pMDI18-T) into
HCCLMS3 cells in five group: inhibitor NC, miR-
155 inhibitor, NC-pMDI18-T, FoxO3a-pMDI8-T,
and miR-155 inhibitor + FoxO3a-pMDI18-T group.
72 h later cells were collected for assay.

qgRT-PCR for Gene Expression Assay
TRIzol reagent was used to extract total RNA
by lysis, chloroform extraction, isopropanol preci-
pitation, 75% ethanol elution, and RNAse free wa-
ter rehydration. Following manual instruction, Re-
verTra Ace qPCR RT Kit synthesized cDNA from
RNA by reverse transcription. Using cDNA as the
template, PCR amplification was carried u
function of Taqg DNA polymerase. Prim
ces used were: miR-155P,: 5°>-ACGCTC
TGCTAATCGTGATA-3; miR-155P : 5
ATGTTGTCCACTGTCTCTG-3’; U6P.:
TGGAACGATACAGAGAAG ATT-3’;

5’-GAACCCTAAGG
5>-TGTCACGCACG
stem, we added 4.5

polyvinylidene fluoride
ersham Biosciences, Pi-

. The membrane was blocked in 5%
der for 60 min, followed by pri-
nti-FoxO3a at 1: 200, anti-BIM

ti-GAPDH at 1: 500) incub
By phosphate buffered g
washing (3 times), HB

times, enhance
mo Scientific
was added f¢
brane was

\poptosis

in  ethylenedi-
(EDTA)-free trypsin, and
osphate buffered saline
binding buffer was used
re-suspend in 1-5 x10° cells. The mixture was
en mixed wij pl Annexin V-FITC and 5 pl
i ted in the dark for 20 min. Gal-

used to test cell apoptosis.

MTT Assay for Cell Proliferation Activity
M3 cells from all transfected groups
ded into 96-well plate. After fully atta-
the wall, cells were continuously cultured
for 72 h. Cells at different time points (24 h, 48
h, and 72 h post-transfection) were collected to
test proliferation activity by 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide
(MTT) assay. In brief, 4 h before quenching incu-
bation, 10 pl MTT solution was added into each
test well. After 4 h continuous culture at 37°C,
the original culture medium was discarded, with
twice PBS washing. Total of 150 pl dimethyl sul-
phoxide (DMSO) was then added into each well
for 10 min vortex until the complete resolving of
crystal violet. Absorbance (A) values were mea-
sured at 450 nm in a microplate reader.

Caspase-3 and Caspase-9 Activity Assay
Common procedures for caspase-3 and caspa-
se-9 activity were: standard dilutions of 0, 10, 20,
50, 100, and 200 uM pNA were prepared. Absor-
bance values at 405 nm wavelength (A405) were
measured by a micro-plate reader to plot a stan-
dard curve with pNA concentration against A405
value. Culture medium was collected. Attached
cells were digested with trypsin, and were col-
lected into culture medium for 4°C centrifugation
for 5 min at 600 xg. The supernatant was carefully
removed and washed out by PBS. Total of 100 pl
lysis buffer was added for every 2x10° cells. Cells
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were lysed at 4°C for 15 mn, and were centrifuged measurement data bet
at 18000 xg with 4°C for 10 min. Supernatants med in Student’s t-te
were saved in pre-cold tubes for further use. was defined when p

For caspase-3 activity assay, 2 mM Ac-DE-
VD-pNA was placed on ice, mixed with buffer
and test samples, with 10 pl Ac-DEVD-pNA. The
mixture was incubated at 37°C for 2 h. The A405
value was measured when color changed signifi- Elevated
cantly. In assaying for caspase-9 activity, 2 mM FoxO3a
Ac-LEHD-pNA was placed on ice, mixed with
buffer and test samples, with 10 pl Ac-LEHD-
pNA. The mixture was incubated at 37°C for 2 h. ' i further higher level
The A405 value was measured when color chan- i i
ged significantly. ). Stage 111 HCC tumor tissues

ich also had higher levels
(Figure 1B). Western blot

Statistical Analysis

SPSS18.0 software (SPSS Inc., PASW Statistics
for Windows, Chicago, IL, USA) was employe results also showed lower FoxO3a protein expres-
for data analysis. Measurement data were presen sion in both plasm and nucleus of HCC tumor
ted as mean =+ standard deviation. Comparison o issues fro ge I-11 compared to those in adja-
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Figure 1. Higher miR-155 and lower FoxO3a expressions in HCC
tissues. 4, QRT-PCR for miR-155 expression. B, qRT-PCR for
FoxO3a mRNA expression. C, Western blot for cytoplasmic and
nuclear protein expression of FoxO3a. ", p<0.05 compared to adja-
cent tissues; *, p<0.05 compared to stage I-II.
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hepatocyte L02, with higher apoptotic rate in hi-
ghly malignant cell line MHCC97-H compared
to that in low malignant cell line HepG2 (Figure
2A). qRT-PCR results showed significantly higher
miR-155 expression in HCCLM3 and HepG2 cel-
Is compared to L0O2 cells, whilst FoxO3a mRNA
level was significantly lower (Figure 2B). We-
stern blot results showed significantly lower
FoxO3a proteins in both cytoplasm and nucleus
of HCCLM3 and HepG2 cells compared to L02
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cells (Figure 2C). These results suggested the po-
tential correlation between abnormally elevated
miR-155 in HCC and lower FoxO3a, less apop-
tosis and enhanced malignant phenotype. Bioin-
formatics analysis indicated targeted complemen-
tary binding sites between miR-155 and 3’-UTR
of FoxO3a mRNA (Figure 2D). Dual-luciferase
reporter gene assay showed that transfection of
miR-155 significantly depressed relative lucifera-
se activity in HEK293 cells expressing wild-type
Fox0O3a-3’-UTR plasmids (Figure 2E), indicating
that miR-155 could be targeted 3’-UTR of FoxO3a
mRNA to regulate its expression.

MiR-155 Down-regulation Facilitated
HCCLM?3 Cell Apoptosis and Weakened
Proliferation

Using HCCLM3 cells as the research objects
transfection of miR-155 inhibitor and/or FoxO3
over-expressing vector (FoxO3a-pMDI8T) signi
ficantly elevated both cytoplasmic and nuclea
expression of FoxO3a proteins in HCCLM3 cel-
Is (Figure 3A). It enhanced expression of down-
stream targeted gene BIM significant e
3A and 3B), potentiating caspase-9 a
activities (Figure 3C), increasing ce
(Figure 3E) and weakening proliferatio
(Figure 3D).

mors in China. Both }
are in the front line
1nclud1ng high ma,

pre®piological processes including
development, cell proliferation, diffe-
ptosis, and cell cycle. FoxO tran-
tor family includes four members,

scriptionad
including FoxOl, FoxO3a, FoxO4, and FoxO6,
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which share identical
These four family me
by different genes
FoxO3a is the most

d inducing apoptosis®. The
rmal activation of FoxO3a

, drug resistance, and metasta-
. As one tumor suppressor gene,
ert its anti-tumor roles including
11 proliferation and facilitating cell
via regulating the expression of down-
stream pro-apoptotic factors such as p27Kip1?°
BEME. Increasing studies®'® showed the po-
1l role of FoxO3a expression in HCC onset.
MiR-155 locates in human chromosome 21q21,
and is coded by one highly conserved region in
37 exon of BIC gene'?. Previous investigations'®!’
showed significantly elevated miR-155 expression
in HCC tumor tissues, indicating its potential tu-
mor-facilitating role in HCC pathogenesis. Bio-
informatics analysis results showed satisfactory
targeted complementary relationship between
miR-155 and 3’-UTR of FOxO3a. Therefore, this
study investigated if miR-155 played a role in re-
gulating FoxO3a expression and affecting prolife-
ration and apoptosis of HCC cells.

Results of this work showed significantly ele-
vated miR-155 expression in HCC tumor tissues,
with even higher expression level in more ad-
vanced TNM stage. Compared to adjacent tis-
sues, HCC tumor tissues had significantly lower
cytoplasmic and nuclear FoxO3a protein expres-
sion, which may be correlated with clinical stage.
These results showed that FoxO3a transcriptio-
nal activity in nucleus of HCC tissues was re-
markably decreased, largely contributed by the
lower level of total FoxO3a proteins, indicating
the possible role of miR-155 in inhibiting FOxO3a
expression and facilitating HCC onset. Lu et al’
showed significantly lower FoxO3a expression
in HCC tumor tissues and the close correlation
with pathological grade and tumor size. Xie et
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and Xie et al'>. Moreover, compared to HepG2,
highly malignant HCC cell line HCCLM3 had
significantly decreased FoxO3a expression, in-
dicating its probable correlation with enhanced
malignant features of liver cancer cells. Guan et

HCC tumor t al?! showed significantly higher miR-155 expres-

sues, as consistent with Lu et al’
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sion in HCC tumor tissues, with correlation with
vascular metastasis, Edmonson grade and clinical
stage. Moreover, those patients having relatively
higher miR-155 had lower one-year recurren-
ce-free survival (RFS) compared to those with
lower miR-155 expression, indicating that miR-
155 up-regulation was correlated with unfavo-
rable prognosis. Han et al?? also revealed higher
miR-155 level in HCC tumor tissues compared to
normal liver tissues, as higher expression level in-
dicated lower RFS or overall survival rate. Zhang
et al'® showed significant correlation between ab-
normally elevated miR-155 with tumor size, Ed-
monson grade, TNM stage and 5-year survival
rate. Results of this study showed significantly
elevated miR-155 expression in HCC tumors, as
consistent with Guan et al?' and Han et al*>. Han
et al found abnormally higher miR-155 expressio
level in HCC cells HepG2 and SMMC-7721%, a
similar to our observation showing higher miR!
155 in liver cancer cells. Dual-luciferase reporte
gene assay showed that transfection of miR-155
mimic could significantly decrease relative 1u01-
ferase activity inside HEK293 cells,
that FoxO3a was the targeted gene of
der its regulation. Further test results
transfection of miR-155 inhibitor and/
over-expression plasmids all significantl
ted FoxO3a expression in HCC

activity, increasing cell
ning proliferation acti

could significantly
FoxO3a in HepG2

ro proliferation abili-
is ability of HCC cells.
miR-155 could facilitate

eir apoptosis. Previous studies mostly
d the correlation between FoxO3a or

pressing FoxO3a expression, antagonizing HCC
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