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Summary  Hepatocellular  carcinoma  (HCC)  is  the  fifth  most  prevalent  cancer  and  the  second
leading cause  of  cancer-related  deaths.  In  the  present  study,  we  have  demonstrated  that  long
non-coding  RNA  (lncRNA)  LINC00472  was  low  expressed  in  human  HCC  tissues  and  cell  lines  com-
pared with  adjacent  non-tumor  liver  tissues  and  normal  liver  cell  lines  respectively.  LINC00472
was also  low  expressed  in  HCC  tissues  from  patients  with  metastasis  compared  with  tissues
from patients  without  metastasis.  Expression  level  of  LINC00472  was  positively  correlated  with
patient overall  survival  (OS)  rate.  Forced  expression  of  LINC00472  suppressed  cell  proliferation,
migration,  invasion  and  promoted  cell  apoptosis  in  HCC  cells  Huh-7  and  SMMC-7721.  MiR-93-5p
was a  direct  target  of  LINC00472,  and  miR-93-5p  directly  targeted  PDCD4.  The  miR-93-5p/PDCD4

pathway mediated  the  suppressing  role  of  LINC00472  in  HCC  cells.  Therefore,  LINC00472  was
an important  tumor  suppressor  in  human  HCC,  which  could  be  used  as  a  bio-marker  for  HCC
therapy.
© 2018  Elsevier  Masson  SAS.  All  rights  reserved.

d
ntroduction
epatocellular  carcinoma  (HCC)  is  the  fifth  most  preva-
ent  cancer  and  the  second  leading  cause  of  cancer-related
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eaths  [1—3]. Hepatitis  B  and  C  virus  infection  contributes
o  the  raised  incidence  of  HCC  [1,4].  Surgery,  chemotherapy,
adiotherapy,  locoregional  therapies,  and  liver  transplanta-
ion  remain  main  treatments  for  HCC  these  years  [5—7].
owever,  patients  with  HCC  always  suffer  from  carci-
oma  recurrence  and  treatment  resistance,  and  their  mean

ve-year  survival  rate  is  no  more  than  50%  [1].  Lack  of
fficient  targets  retarded  the  development  of  targeted
herapy  for  HCC.  Although  numerous  studies  attempted  to
nveil  the  mechanisms  related  with  tumor  development  and
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LINC00472  suppresses  human  liver  cancer  via  miR-93-5p/PD

metastasis  of  HCC,  the  underlying  mechanisms  and  key  fac-
tors  involved  in  HCC  remain  poorly  understood.  It  is  desirable
and  urgent  to  perform  further  study  for  the  exact  underlying
mechanisms  of  HCC,  which  will  benefit  the  development  of
new  clinical  therapeutic  methods  for  HCC.

Long  non-coding  RNAs  (lncRNAs)  (more  than  200
nucleotides  in  size)  belonging  to  non-coding  RNAs,  com-
monly  do  not  encode  proteins  [8,9].  In  former  studies,  few
functions  of  lncRNAs  were  unveiled,  and  some  of  them  were
considered  to  have  no  value  in  human  physiological  pro-
cesses  [10].  Recently,  more  and  more  studies  reported  the
important  role  of  lncRNAs  in  many  physiological  processes,
especially  many  lncRNAs  acted  as  important  tumor  promot-
ers  or  tumor  suppressors  in  various  kinds  of  human  cancers
[1,11].  For  example,  long  non-coding  RNA  MT1JP  acted  as
a  tumor  suppressor  in  human  gastric  cancer  [12];  high  level
of  long  non-coding  RNA  AFAP1-AS1  predicts  a  poor  prognosis
in  non-small  cell  lung  cancer  patients  [13];  long  non-coding
RNA  GAS5  suppresses  triple  negative  breast  cancer  pro-
gression  [14].  Another  kind  of  non-coding  RNA,  microRNA
(miRNA)  (20—25  nucleotides  in  size),  was  critically  studies
in  many  publications  and  was  documented  to  directly  reg-
ulate  the  expression  of  their  target  genes,  contributing  to
tumor  initiation,  development  and  metastasis  of  human  can-
cers  [15,16].  LncRNAs  could  act  as  competing  endogenous
RNAs  and  sponge  miRNAs,  indirectly  regulate  the  down-
stream  target  genes  of  these  miRNAs  [10,17].  The  important
roles  and  the  complex  mechanisms  of  LncRNAs  are  desirable
for  further  investigation.  As  reported  previously,  lncRNA
LINC00472  suppressed  cell  proliferation  and  migration  in
human  breast  cancer  cells;  low  expression  of  LINC00472
was  associated  with  worse  clinicopathological  features  of
human  breast  cancer  patients  and  epithelial  ovarian  can-
cer  [18—20].  Moreover,  LINC00472  was  documented  to  play
important  roles  in  human  colorectal  cancer  [21].  However,
the  role  of  LINC00472  in  human  HCC  remains  unknown.

In  this  study,  we  have  determined  that  LINC00472  was
low  expressed  in  human  HCC  tissues  and  cell  lines  com-
pared  with  adjacent  non-tumor  liver  tissues  and  normal  liver
cell  lines  respectively.  LINC00472  was  also  low  expressed
in  HCC  tissues  from  patients  with  metastasis  compared
with  tissues  from  patients  without  metastasis.  Low  level
of  LINC00472  was  associated  with  low  overall  survival  (OS)
rate  in  HCC  patients.  Moreover,  LINC00472  was  examined  to
suppress  cell  proliferation,  migration  and  invasion  of  human
HCC  cells.  LINC00472  directly  targeted  miR-93-5p,  and  miR-
93-5p  directly  targeted  PDCD4.  In  HCC  tissues,  LINC00472
and  miR-93-5p  were  negatively  correlated;  LINC00472  and
PDCD4  were  positively  correlated;  miR-93-5p  and  PDCD4
were  negatively  correlated.  The  miR-93-5p/PDCD4  pathway
mediated  the  suppressing  role  of  LINC00472  in  cell  prolifera-
tion,  migration  and  invasion  of  human  HCC  cells.  Therefore,
LINC00472  could  be  used  as  a  potential  target  for  human
HCC  treatment.

Materials and methods
Tissue  samples  and  patients

We  collected  35  fresh  adjacent  non-tumor  liver  tissues  and
109  fresh  HCC  tissues  from  patients  who  underwent  surgery
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n  the  First  Affiliated  Hospital  of  Anhui  Medical  University
Hefei,  China)  between  2011  and  2014.  Patients  with  other
iseases  or  had  underwent  special  therapies  before  surgery
ere  excluded.  For  OS  study,  the  109  HCC  patients  were  fol-

owed  up  for  more  than  5  years.  We  had  got  local  approval
rom  the  Institutional  Review  Boards  of  Southeast  University
nd  the  signed  informed  consent  from  every  patient  before
he  patient-related  work.  We  performed  these  work  accord-
ng  to  The  Code  of  Ethics  of  the  World  Medical  Association
Declaration  of  Helsinki).

ell  culture

uman  liver  cell  line  LO2  and  HCC  cell  lines  HepG2,  BEL-
404,  Hep3B,  SMMC-7721,  Huh-7  were  purchased  from  ATCC
the  American  Type  Culture  Collection)  (Rockville,  MD).  As
ecommended,  these  cell  lines  were  cultured  in  a  humidified
tmosphere  at  5%  CO2  and  37 ◦C.

T-quantitative  PCR  (RT-qPCR)

T-quantitative  PCR  (RT-qPCR)  was  performed  as  described
n  previous  studies  [22]. We  examined  expression  levels  of
INC00472,  miR-93-5p  and  PDCD4  mRNA  in  this  study,  GAPDH
nd  U6  were  also  detected  as  control  respectively.

NA  oligonucleotide  and  plasmid  transfection

INC00472  sequence  (2958bp)  was  cloned  into  mammalian
xpression  plasmid  pcDNA3.1  (Invitrogen)  [HindIII  (splic-
ng  at  AAGCTT)  and  XhoI  (splicing  at  CTCGAG)  were
sed]  (designated  as  pcDNA-LINC00472)  for  LINC00472
ver-expressing,  the  vector  plasmid  pcDNA3.1  (designated
s  pcDNA)  was  used  as  control.  MiR-93-5p/miR-Control
imics  and  shLINC00472/shControl  (shCtrl)  were  synthe-

ized  in  GenePharma  (Shanghai,  China).  We  carried  out
NA  oligonucleotide  and  plasmid  transfection  in  this
tudy  using  lip2000  (QIAGEN)  as  recommended  and  essen-
ially  as  described  earlier  [23,24].  Cells  were  treated
ith  400  �g/mL  G418  (Sangon  Biotech,  Shanghai,  China)
fter  pcDNA-LINC00472/pcDNA  transfection  for  constructing
tably-transfected  cells  as  recommended.

ell  proliferation,  migration  and  invasion  assays

TT  assay,  cell  counting  assay,  cell  colony  formation  assay,
ell  migration  assay  and  cell  invasion  assay  were  car-
ied  out  in  this  study  to  examine  cell  proliferation  and
etastasis  of  human  HCC  cells  essentially  as  described

n  previous  studies  [23,24]. Briefly,  for  MTT  assay,  stably-
ransfected  cells  or  cells  after  transient-transfection  for
4  hours  were  seeded  into  96-well  cell  plates  (2000  per
ell).  After  another  72  hours,  MTT  evaluation  was  carried
ut.  For  cell  counting  assay,  stably-transfected  cells  or  cells
fter  transient-transfection  for  24  hours  were  seeded  into
-well  cell  plates  (10,000  per  well).  Cell  total  number  was

ocumented  everyday  in  the  next  5  days,  and  cell  growth
urves  were  analyzed.  For  cell  colony  formation  assay,
tably-transfected  cells  or  cells  after  transient-transfection
or  24  hours  were  seeded  into  6-well  cell  plates  (1000  per



438  C.  Chen  et  al.

Fig.  1  Expression  of  LINC00472  in  human  tissues  from  HCC  patients  and  in  HCC  cell  lines.  A.  Expression  levels  of  LINC00472  in
human adjacent  non-tumor  liver  tissues  (Normal)  and  HCC  tissues  (Cancer)  were  examined  using  RT-qPCR.  B.  Expression  levels  of
LINC00472 in  human  HCC  tissues  with  or  without  metastasis  were  examined  using  RT-qPCR.  GAPDH  was  also  examined  as  control.
C. OS  rates  between  LINC00472  high  group  and  LINC00472  low  group  in  109  HCC  patients  were  analyzed  by  Kaplan-Meier  curves.
D nd  H
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. Expression  levels  of  LINC00472  in  normal  liver  cell  line  LO2  a
ere detected  using  RT-qPCR.  GAPDH  was  also  detected  as  con

ell).  Status  of  cell  colony  formation  was  analyzed  after
0—15  days.  For  cell  migration  and  invasion,  cells  were
eeded  into  Transwell  chambers  (migration  assay  without
atrigel  (BD  Biosciences,  San  Diego,  CA)  and  invasion  assay
ith  Matrigel).  Cell  migration  was  examined  after  18  hours
nd  cell  invasion  was  examined  after  36  hours.

low  cytometry

low  cytometry  was  carried  out  in  Huh-7  and  SMMC-7721
ells  to  evaluate  cell  apoptosis  and  cell  cycle  condition.
tably-transfected  cells  or  cells  after  transient-transfection
or  72  hours  were  harvested,  fixed  and  then  incubated  in
nnexin  V  antibody-FITC  and  PI  or  Rnase  A  and  propidium

odide  for  0.5  hour  at  room  temperature.  Cells  were  ana-
yzed  in  flow  cytometer.

uciferase  reporter  assay
uciferase  reporter  plasmids  including  PsiCHECK2-
INC00472-WT,  PsiCHECK2-LINC00472-MUT,  PsiCHECK2-
DCD4-3’-UTR-WT  and  PsiCHECK2-PDCD4-3’-UTR-MUT  were
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CC  cell  lines  HepG2,  BEL-7404,  Hep3B,  SMMC-7721,  and  Huh-7
*P  <  0.05; **P  <  0.01.

onstructed  and  luciferase  reporter  assay  was  carried  out
ssentially  as  described  earlier  by  using  a  Dual  Luciferase
eporter  Assay  Kit  (Promega  Corp.)  [23,24].

estern  Blot

estern  blot  was  performed  to  examine  protein  levels
f  PDCD4  in  transfected  cell  lines  as  described  earlier
23,25].  PDCD4  Mouse  Monoclonal  antibody  (Proteintech
roup,  Inc.,  Chicago,  USA)  and  �-actin  Mouse  Monoclonal
ntibody  (Sigma)  were  used.  �-actin  was  examined  as  con-
rol.

tatistical  analyses

hree  independent  repeating  experiments  were  carried  out
or  every  examination  and  each  figure  represented  the
verage.  For  RT-qPCR,  cell  functional  experiments,  flow

ytometry  and  luciferase  reporter  assay,  two-tailed  t  test
as  used  in  statistical  analyses.  For  patient  OS  analyses,
aplan-Meier  curves  and  log-rank  test  were  used.  It  was
onsidered  statistically  significant  when  P  <  0.05.
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Fig.  2  LINC00472  suppressed  cell  growth  of  human  HCC  cells.  A.  Expression  levels  of  LINC00472  in  Huh-7  and  SMMC-7721  cells  stably
transfected with  pcDNA-LINC00472  or  control  pcDNA  plasmid  were  detected  by  RT-qPCR.  GAPDH  was  also  detected  as  control.  B.  MTT
assay, C,  D.  cell  counting  assay.  E,  F.  Cell  colony  formation  assay  were  performed  in  Huh-7  and  SMMC-7721  cells  stably  transfected
with pcDNA-LINC00472  or  control  pcDNA  plasmid.  G.  Flow  cytometry  (incubating  with  Annexin  V  antibody-FITC  and  PI)  was  carried
out to  evaluate  cell  apoptosis  in  Huh-7  and  SMMC-7721  cells  stably  transfected  with  pcDNA-LINC00472  or  control  pcDNA  plasmid.
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Normal  liver  cell  line  LO2  and  HCC  cell  lines  HepG2,
H, I.  Flow  cytometry  was  performed  to  evaluate  the  percentag
SMMC-7721 cells  stably  transfected  with  pcDNA-LINC00472  or  co

Results

Expression  of  LINC00472  in  human  tissues  and  the
correlation  between  LINC00472  expression  and
overall survival  (OS)  rates  in  HCC  patients

Thirty-five  normal  human  liver  tissues  and  109  (49  with-
out  metastasis  and  60  with  metastasis)  human  HCC  tissues
were  collected  and  the  expression  level  of  LINC00472  were
examined  using  RT-qPCR.  As  shown  in  Fig.1A  and  Fig.1B,
the  expression  level  of  LINC00472  was  significantly  lower
in  human  HCC  tissues  compared  with  adjacent  non-tumor
liver  tissues  and  was  significantly  lower  in  HCC  tissues  from
patients  with  metastasis  compared  with  HCC  tissues  from

patients  without  metastasis.

For  further  study,  we  followed  these  HCC  patients
for  more  than  5  years  and  the  correlation  of  LINC00472

B
a
w

f  cells  in  G1,  S,  and  G2  phases  of  the  cell  cycle  in  Huh-7  and
l  pcDNA  plasmid. *P  <  0.05; **P  <  0.01.

xpression  with  patient  overall  survival  (OS)  rates  was
nalyzed  by  using  Kaplan-Meier  curves.  The  OS  rates
as  dramatically  lower  in  HCC  patients  with  low  level
f  LINC00472  compared  with  patients  with  high  level  of
INC00472  (P  =  0.0045)  (Fig.1C).

Therefore,  LINC00472  was  low-expressed  in  HCC  tissues
ompared  with  adjacent  non-tumor  liver  tissues  and  was
ow-expressed  in  HCC  tissues  with  metastasis  compared  with
issues  without  metastasis;  low  level  of  LINC00472  was  asso-
iated  with  poor  prognosis  in  human  HCC  patients.

INC00472  inhibited  cell  growth  of  human  HCC
ells
EL-7404,  Hep3B,  SMMC-7721,  and  Huh-7  were  cultured
nd  the  expression  levels  of  LINC00472  in  these  cell  lines
ere  examined  using  RT-qPCR.  Concordant  with  former
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Fig.  3  LINC00472  suppressed  migration  and  invasion  of  human  HCC  cells.  A,  C,  Cell  migration  assay  and  B,  D,  cell  invasion  assay
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ere performed  to  evaluate  metastasis  in  Huh-7  and  SMMC-772
lasmid. **P  <  0.01.

issue  results,  the  expression  level  of  LINC00472  was  sig-
ificantly  lower  in  these  5  HCC  cell  lines  compared  with
ormal  liver  cell  line  LO2  (Fig.1D).  Huh-7  and  SMMC-
721  cells  were  used  for  next  cell  functional  studies.  As
hown  in  Fig.2A,  Huh-7  and  SMMC-7721  cells  were  stably
ransfected  with  pcDNA3.1  plasmid  containing  LINC00472
equence  (designated  as  pcDNA-LINC00472),  and  therefore
hese  cells  expressed  higher  level  of  LINC00472  compared
ith  cells  transfected  with  control  pcDNA3.1  plasmid  (des-
gnated  as  pcDNA)  respectively  as  determined  by  RT-qPCR.
s  determined  by  MTT  assay,  cell  viabilities  of  both  Huh-7
nd  SMMC-7721  cells  decreased  significantly  after  trans-
ected  with  pcDNA-LINC00472  compared  with  control  pcDNA

w
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lls  stably  transfected  with  pcDNA-LINC00472  or  control  pcDNA

lasmid  (Fig.2B).  Concordantly,  pcDNA-LINC00472  dramat-
cally  decreased  cell  total  number  in  both  Huh-7  and
MMC-7721  cells  over  a period  5  days  as  determined  by
ell  counting  assay  (Fig.2C,  D).  In  addition,  as  deter-
ined  by  cell  colony  formation  assay,  pcDNA-LINC00472

lso  dramatically  reduced  cell  colony  formation  of  both
uh-7  and  SMMC-7721  cells  compared  with  control  pcDNA
lasmid  (both  P  <  0.01)  (Fig.2E,  F).  Moreover,  cell  apop-
osis  was  determined  using  flow  cytometry  by  incubating

ith  Annexin  V  FITC  and  PI.  As  shown  in  Fig.2G,  pcDNA-
INC00472  significantly  increased  cell  apoptosis  in  both
uh-7  and  SMMC-7721  cells  compared  with  control.  Also
xamined  by  flow  cytometry,  pcDNA-LINC00472  significan-
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Fig.  4  LINC00472  directly  targeted  miR-93-5p.  A.  Predicted  consequential  pairing  of  LINC00472  and  miR-93-5p;  the  mutant
LINC00472 sequence.  B,  C.  Luciferase  assay  of  Huh-7  and  SMMC-7721  cells  co-transfected  with  miR-93-5p  mimics/miR-Control
mimics, and  luciferase  reporter  plasmid  PsiCHECK2-LINC00472-WT/PsiCHECK2-LINC00472-MUT.  D.  Expression  levels  of  miR-93-5p
in Huh-7  and  SMMC-7721  cells  transfected  with  pcDNA-LINC00472  or  control  pcDNA  plasmid  were  detected  by  RT-qPCR.  U6  was
also detected  as  control.  E.  Expression  levels  of  LINC00472  in  Huh-7  and  SMMC-7721  cells  transfected  with  miR-93-5p  mimics  or
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miR-Control mimics  were  detected  by  RT-qPCR.  GAPDH  was  also
93-5p in  LO2  cells  transfected  with  shLINC00472  or  shCtrl  were  

respectively. **P  <  0.01.

tly  increased  the  G1  phase  percentage  and  decreased  the
S  phase  percentage  in  both  Huh-7  and  SMMC-7721  cells
(Fig.2H,  I).  As  a  result,  LINC00472  dramatically  suppressed
cell  proliferation  and  promoted  cell  apoptosis  in  human  HCC
cells.

LINC00472  inhibited  migration  and  invasion  of
human HCC  cells

Cell  metastasis  assays  including  cell  migration  assay  and
invasion  assay  were  performed  to  evaluate  the  role  of
LINC00472  in  metastasis  of  human  HCC  cells.  As  shown  in
Fig.3A—D,  both  of  cell  migration  and  invasion  decreased
dramatically  in  both  Huh-7  and  SMMC-7721  cells  after  trans-
fection  of  pcDNA-LINC00472  compared  with  control  pcDNA
plasmid  respectively  (all  P  <  0.01).  As  a  result,  LINC00472
suppressed  migration  and  invasion  of  human  HCC  cells.

LINC00472  directly  targeted  miR-93-5p

For  further  study,  we  searched  for  potential  miRNAs  that
might  be  direct  targets  of  LINC00472  in  human  HCC  cells
using  DIANA  TOOL.  MiR-93-5p  (several  candidate  miRNAs
were  selected  at  first  but  through  the  next  luciferase
reporter  assay  and  RT-qPCR  examination,  miR-93-5p  was

examined  to  change  most,  so  miR-93-5p  was  focused  for
further  study)  was  found  to  be  a  candidate  target  of
LINC00472  and  the  binding  site  in  miR-93-5p  was  5’-CGTGAA-
3’  (Fig.4A).  Both  of  wild  type  LINC00472  (designated  as

P

W
u

ected  as  control.  F,  G.  Expression  levels  of  LINC00472  and  miR-
cted  by  RT-qPCR.  GAPDH  and  U6  were  also  detected  as  control

INC00472-WT)  and  mutant  LINC00472  (binding  site  was
hanged  from  5’-GCACTT-3’  into  5’-CGTGAA-3’)  (desig-
ated  as  LINC00472-MUT)  were  cloned  into  psiCHECK-2
uciferase  reporter  plasmids,  and  luciferase  reporter  assay
as  carried  out  (Fig.4A).  As  shown  in  Fig.4B  and  C,

he  luciferase  activities  decreased  significantly  in  both
uh-7  and  SMMC-7721  cells  after  co-transfected  with
siCHECK2-LINC00472-WT  and  miR-93-5p  mimics  compared
ith  co-transfected  with  PsiCHECK2-LINC00472-WT  and
iR-Control  mimics  respectively.  There  were  no  differ-

nces  of  the  luciferase  activities  between  co-transfection
ith  PsiCHECK2-LINC00472-MUT/miR-93-5p  mimics  and  co-

ransfection  with  PsiCHECK2-LINC00472-MUT/miR-Control
imics  in  both  Huh-7  and  SMMC-7721  cells.  Moreover,

s  determined  by  RT-qPCR,  expression  level  of  miR-93-5p
ecreased  significantly  after  stably  transfected  with  pcDNA-
INC00472  compared  with  control  pcDNA  plasmid  in  both
uh-7  and  SMMC-7721  cells  (Fig.4D);  expression  level  of
INC00472  decreased  significantly  after  transfected  with
iR-93-5p  mimics  compared  with  miR-Control  mimics  in
oth  Huh-7  and  SMMC-7721  cells  (Fig.4E).  In  addition,  knock-
own  of  LINC00472  by  shLINC00472  significantly  decreased
he  LINC00472  level  and  increased  the  miR-93-5p  level  in
ormal  liver  cell  LO2  (Fig.4F,  G).  As  a  result,  miR-93-5p  was

 direct  target  of  LINC00472.
DCD4  was  a  direct  target  of  miR-93-5p

e  next  searched  for  potential  targets  of  miR-93-5p  by
sing  online  TargetScan.  PDCD4  was  predicted  as  a  candidate
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Fig.  5  PDCD4  was  a  direct  target  of  miR-93-5p.  A,  Predicted  consequential  pairing  of  miR-93-5p  and  the  wild  type  (WT)  or
mutant (MUT)  3’-UTR  of  PDCD4.  B,  C,  Luciferase  assay  of  Huh-7  and  SMMC-7721  cells  co-transfected  with  miR-93-5p  mimics/miR-
Control mimics,  and  luciferase  reporter  plasmid  PsiCHECK2-PDCD4-3’-UTR-WT/PsiCHECK2-PDCD4-3’-UTR-MUT.  D,  Protein  levels  of
PDCD4 in  Huh-7  and  SMMC-7721  cells  transfected  with  miR-93-5p  mimics  or  miR-Control  mimics  were  examined  by  western  blot.
�-actin was  also  examined  as  control.  E,  Protein  levels  of  PDCD4  in  Huh-7  and  SMMC-7721  cells  stably  transfected  with  pcDNA-
LINC00472 or  control  pcDNA  plasmid  (Vec)  were  examined  by  western  blot.  �-actin  was  also  examined  as  control.  F,  Protein  levels
o l  we
c  in  H
L DCD4
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f PDCD4  in  LO2  cells  transfected  with  shLINC00472  or  shCtr
ontrol. G,  H,  I,  LINC00472,  miR-93-5p  and  PDCD4  mRNA  levels
INC00472/miR-93-5p,  LINC00472  /  PDCD4  mRNA,  miR-93-5p/P

arget  of  miR-93-5p  and  the  miR-93-5p-binding  site  with
he  3’-UTR  of  PDCD4  mRNA  was  5’-GCACTTT-3’  (Fig.5A).
uciferase  reporter  assay  was  carried  out  to  examine  the
nteraction  of  miR-93-5p  and  PDCD4.  The  luciferase  activity
ecreased  significantly  after  co-tranfected  with  luciferase
eporter  plasmid  PsiCHECK2-PDCD4-3’-UTR-WT  and  miR-93-
p  mimics  in  both  Huh-7  and  SMMC-7721  cells  (Fig.5B,  C).
owever,  there  was  no  significant  change  of  the  luciferase
ctivity  after  co-transfected  with  luciferase  reporter  plas-
id  PsiCHECK2-PDCD4-3’-UTR-MUT  and  miR-93-5p  mimics

n  both  Huh-7  and  SMMC-7721  cells  (Fig.5B,  C).  Moreover,
rotein  levels  of  PDCD4  dramatically  decreased  after  trans-
ected  with  miR-93-5p  mimics  compared  with  miR-Control
imics  in  both  Huh-7  and  SMMC-7721  cells  as  determined  by
estern  blot  (Fig.5D).  Forced  expression  of  LINC00472  signi-
cantly  increased  the  protein  level  of  PDCD4  in  both  Huh-7
nd  SMMC-7721  cells  (Fig.5E).  In  addition,  knockdown  of
INC00472  by  shLINC00472  significantly  decreased  the  pro-

ein  level  of  PDCD4  in  normal  liver  cell  line  LO2  (Fig.5F).
herefore,  PDCD4  was  a  direct  target  of  miR-93-5p,  and  the
INC00472/miR-93-5p  pathway  regulated  the  expression  of
DCD4.

m
b
w
s

re  examined  by  western  blot.  �-actin  was  also  examined  as
CC  tissues  were  examined  by  RT-qPCR,  and  the  correlations  of

 mRNA  were  analyzed  respectively. **P  <  0.01.

Moreover,  the  correlations  of  LINC00472/miR-93-5p,
INC00472/PDCD4  mRNA,  miR-93-5p/PDCD4  mRNA  were
nalyzed  in  the  109  human  HCC  tissues.  As  shown  in  Fig.5G,
INC00472  and  miR-93-5p  expression  levels  were  negatively
orrelated  in  HCC  tissues  (P  =  0.0078,  Pearson’s  correlation
oefficient:  −0.2559).  In  addition,  there  was  a  significant
ositive  correlation  between  LINC00472  and  PDCD4  expres-
ion  levels  in  HCC  tissues  (P  =  0.0026,  Pearson’s  correlation
oefficient:  0.3632)  (Fig.5H).  There  was  a  statistical  nega-
ive  correlation  between  miR-93-5p  and  PDCD4  expression
evels  in  HCC  tissues  (P  =  0.0357,  Pearson’s  correlation  coef-
cient:  −0.2033)  (Fig.5I).

INC00472  suppressed  proliferation,  migration  and
nvasion of  human  HCC  cells  through  PDCD4

o  examine  whether  LINC00472  suppressing  proliferation,

igration  and  invasion  of  human  HCC  cells  was  mediated
y  PDCD4,  Huh-7  and  SMMC-7721  cells  were  co-transfected
ith  pcDNA-LINC00472  or  control  pcDNA  plasmid  and  PDCD4-

iRNA  (designated  as  si-PDCD4)  or  NC-siRNA  (designated
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Fig.  6  LINC00472  suppressed  proliferation,  migration  and  invasion  of  human  HCC  cells  through  PDCD4.  Huh-7  and  SMMC-7721
cells were  co-transfected  with  pcDNA-LINC00472  or  control  pcDNA  plasmid  and  si-PDCD4  or  si-NC.  A.  MTT  assay.  B,  C.  Cell  counting
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assay. D.  Cell  colony  formation  assay.  E.  Cell  migration  assay.  F.  C
I. Flow  cytometry  to  evaluate  cells  in  G1,  S,  and  G2  phases  wer
*P  <  0.05; **P  <  0.01.

as  si-NC)  and  cell  functional  experiments  were  carried
out.  Concordant  with  former  results,  forced  expression  of
LINC00472  dramatically  decreased  cell  viability  (evaluated
by  MTT  assay)  (Fig.6A),  cell  total  number  (Fig.6B,  C),  cell
colony  formation  (Fig.6D),  cell  migration  (Fig.6E)  and  cell
invasion  (Fig.6F).  However,  these  decreases  were  abolished
by  transfection  with  siPDCD4  (Fig.6A—F).  Moreover,  forced
expression  of  LINC00472  increased  cell  apoptosis,  increased
G1  phase  cells  and  decreased  S  phase  cells  in  Huh-7  and
SMMC-7721  cells;  these  changes  were  all  abrogated  by  co-
transfection  with  siPDCD4  (Fig.6G—I).  Therefore,  LINC00472
suppressing  proliferation,  migration  and  invasion  of  human
HCC  cells  was  mediated  by  PDCD4.
Discussion

In  the  present  study,  we  systematically  examined  that
LncRNA  LINC00472  suppressed  cell  proliferation  (as

h
L
b
c

nvasion  assay.  G.  Flow  cytometry  to  evaluate  cell  apoptosis.  H,
ried  out  to  examine  cell  proliferation,  migration  and  invasion.

etermined  by  MTT  assay,  cell  counting  assay,  cell  colony
ormation  assay  and  flow  cytometry),  migration  and  invasion
as  determined  by  cell  migration  assay  and  invasion  assay)
f  human  HCC  cells.  LINC00472  was  found  to  express  lower
n  HCC  tissues  compared  with  adjacent  non-tumor  liver
issues,  in  HCC  tissues  from  patients  with  metastasis  com-
ared  with  tissues  from  patients  without  metastasis,  in  HCC
ell  lines  compared  with  normal  liver  cell  lines.  In  addition,
ow  level  of  LINC00472  was  associated  with  low  OS  rate  in
CC  patients.  As  reported  previously,  forced  expression  of
INC00472  suppressed  cell  proliferation  and  migration  in
uman  breast  cancer  cells  [20].  Breast  cancer  patients  with
igh  expression  of  LINC00472  was  associated  with  better
utcomes  and  had  better  responses  to  adjuvant  chemo-  or

ormonal  therapy  [20].  Shen  Y  et  al.  also  reported  that
INC00472  is  functionally  a tumor  suppressor  in  human
reast  cancer;  expression  level  of  LINC00472  was  positively
orrelated  with  disease-free  survival  rates  in  patients  with
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rade  2  breast  cancer  [19].  Moreover,  LINC00472  was  also
xamined  to  be  a  tumor  suppressor  in  human  epithelial
varian  cancer  and  colorectal  cancer  [18,21].  These  results
ere  concordant  with  ours.  Therefore,  LINC00472  was
n  important  tumor  suppressor  in  various  human  cancers
ncluding  HCC.  As  reported  in  Shen  Y  et  al.’s  study  and
hen  L  et  al.’s  study,  the  promoter  methylation  induced  the

ow-expression  of  LINC00472  in  human  breast  cancer  and
olorectal  cancer  [19],  therefore  the  mechanisms  leading
o  LINC00472  downregulation  in  HCC  might  be  also  DNA
ethylation  which  should  be  examined  in  the  future  work.
For  mechanism  study,  LINC00472  was  determined  to

irectly  target  miR-93-5p  and  could  sponge  miR-93-5p.
orced  expression  of  LINC00472  dramatically  decreased  the
evel  of  miR-93-5p,  and  transfection  with  miR-93-5p  mim-
cs  dramatically  decreased  the  level  of  LINC00472  in  HCC
ells  Huh-7  and  SMMC-7721.  Knockdown  of  LINC00472  by
hLINC00472  significantly  increased  the  miR-93-5p  level  in
ormal  liver  cell  LO2.  It  was  logical  that  miR-93-5p  should
erform  tumor  promoting  role  in  human  HCC  cells.  As
eported  in  Wang  X.  et  al.’s  study,  miR-93-5p  was  deter-
ined  to  promote  cell  proliferation  through  down-regulating
PARGC1A  in  HCC  cells  [26].  This  data  supported  our  present
esults.  Meanwhile,  Li  L.  et  al.  reported  that  miR-93-5p
romoted  gastric  cancer-cell  progression  via  inactivation  of
he  Hippo  signaling  pathway  [27].  Ma  DH.  et  al.  reported
hat  miR-93-5p/IFNAR1  axis  promoted  gastric  cancer  metas-
asis  through  activating  the  STAT3  signaling  pathway  [28].
oreover,  miR-93-5p  was  also  documented  to  play  promot-

ng  role  in  human  non-small  cell  lung  cancer,  esophageal
ancer,  lacrimal  gland  adenoid  cystic  cancer,  etc.  [29—31]
herefore,  miR-93-5p  played  tumor  promoting  roles  in  many
inds  of  human  cancers,  and  miR-93-5p  might  mediate  the
uppressing  role  of  LINC00472  in  HCC  cells.

We  next  examined  that  PDCD4  was  a  direct  target  of
iR-93-5p.  Expression  level  of  PDCD4  was  dramatically  sup-
ressed  by  miR-93-5p,  and  was  dramatically  promoted  by
INC00472.  Combinational  experiments  showed  that  PDCD4
ediated  the  tumor  suppressing  role  of  LINC00472  in  HCC

ells.  Therefore,  PDCD4  was  a  critical  tumor  suppressor  in
CC  cells.  As  reported  previously,  PDCD4  was  determined
o  be  negatively  regulated  by  miR-93  and  miR-21,  pro-
oting  cell  apoptosis  and  suppressing  tumor  proliferation

nd  metastasis  in  human  HCC  cells  [32—35].  These  results
ere  concordant  with  ours.  Furthermore,  PDCD4  also  played

umor  suppressing  role  in  human  colon  cancer  [36], bladder
ancer  [37],  epithelial  ovarian  cancer  [38],  pancreatic  can-
er  [39],  breast  cancer  [40],  gastric  cancer  [41],  and  so  on.
s  a  result,  PDCD4  was  a  well  received  tumor  suppressor

n  nearly  all  kinds  of  human  cancers  and  herein  mediated
he  tumor  suppressing  role  of  LINC00472  in  HCC  cells.  The
INC00472/miR-93-5p/PDCD4  pathway  contributed  to  cell
roliferation,  apoptosis,  migration  and  invasion  of  human
CC.

In  summary,  the  present  study  systematically  examined
he  tumor  suppressing  role  of  LINC00472  in  human  HCC
ells.  The  expression  level  of  LINC00472  was  low  in  HCC
issues/cell  lines  compared  with  adjacent  non-tumor  liver

issues/normal  liver  cell  lines,  was  negatively  correlated
ith  metastasis  and  positively  correlated  with  patient  OS

ates.  LINC00472  suppressed  proliferation,  migration  and
nvasion  of  HCC  cells.  MiR-93-5p  was  a  direct  target  of

[
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INC00472,  and  miR-93-5p  directly  targeted  PDCD4.  The
iR-93-5p/PDCD4  pathway  mediated  the  suppressing  role  of

INC00472  in  HCC  cells.  As  an  important  tumor  suppressor,
INC00472  could  be  used  as  a  bio-marker  for  HCC  therapy.
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