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Summary  Accumulating  evidences  have  shown  that  microRNA-200c  (miR-200c)  expression  is
associated with  the  prognosis  of  many  types  of  human  cancer.  However,  the  prognostic  value
of miR-200c  in  hepatocellular  carcinoma  (HCC)  is  still  unknown.  In  the  present  study,  the
expression  of  miR-200c  in  paired  HCC  and  adjacent  non-tumor  tissues  from  148  patients  was
determined  by  quantitative  real-time  PCR  (qRT-PCR),  and  we  analyzed  its  association  with
clinicopathological  characteristics  and  prognosis  of  HCC  patients.  Our  results  showed  that  the
expression  of  miR-200c  was  significantly  decreased  in  HCC  tissues  compared  with  adjacent
non-tumor tissues  (P  <  0.0001).  Correlation  analysis  showed  that  miR-200c  expression  was  signi-
ficantly associated  with  tumor  size  (P  =  0.021),  serum  AFP  level  (P  =  0.016),  TNM  stage  (P  =  0.019)
and vein  invasion  (P  =  0.026).  Patients  with  lower  miR-200c  expression  had  significantly  worse
overall survival  (OS,  P  =  0.023)  and  recurrence-free  survival  (RFS,  P  =  0.002).  The  multivariate
Cox regression  analysis  revealed  that  miR-200c  expression  was  an  independent  prognostic  factor

for OS  (hazard  ratio  (HR)  [95%  CI]  =  2.226  [1.235—4.012],  P  =  0.008)  and  RFS  (HR  [95%  CI]  =  2.662
[1.618—4.38],  P  <  0.001).  In  con
significantly  down-regulated  and
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ccording  to  the  most  recent  cancer  statistics  in  China,  liver
ancer  is  the  most  commonly  diagnosed  cancer  and  the  lead-
ng  cause  of  cancer  death  in  men  under  60  years  old  [1].
espite  remarkable  advances  in  early  diagnosis  and  treat-
ent,  hepatocellular  carcinoma  (HCC),  which  accounts  for

5%—90%  of  all  primary  liver  cancers,  is  still  often  diagnosed
t  an  advanced  stage  and  has  a  poor  prognosis,  because  of  its
haracteristics  of  rapid  progression,  strong  invasiveness,  and
he  high  recurrence  rate  [2,3].  It  has  been  reported  that  HCC
atients  have  a  relatively  lower  5-year  overall  survival  (OS)
ate,  which  is  approximately  5—9%  [4,5].  Currently,  hepatic
esection  is  still  widely  accepted  as  the  first-line  therapy
or  patients  with  localized  tumor  and  well-preserved  liver
unction.  Unfortunately,  fatal  recurrence  or  metastasis  of
CC  could  reach  an  incidence  of  more  than  70%  at  5  years
fter  surgery  [6].  Since  the  prediction  of  the  prognosis  is  cru-
ial  for  optimizing  personalized  treatment,  various  factors
uch  as  tumor  size,  multifocal  disease,  histological  differ-
ntiation  and  vascular  invasion  have  been  investigated  and
roved  to  be  associated  with  recurrence  and  survival  in
atients  after  surgical  resection  for  HCC  [7—9].  However,
he  prognostic  value  of  these  clinicopathological  risk  fac-
ors  is  still  not  enough  to  fulfill  a  clinical  need,  additional
ew  biomarkers  are  required  for  improving  the  current  prog-
ostic  assessment  of  HCC  patients.

MicroRNAs  (miRNAs)  are  a  class  of  highly  conserved
mall  non-coding  RNAs,  about  22—24  bases  long,  that  sup-
ress  gene  expression  by  inducing  translational  repression  or
RNA  degradation  [10,11].  Many  studies  have  reported  that
iRNAs  act  as  oncogenes  or  tumor  suppressor  genes  in  tumor

rowth,  invasion,  metastasis  and  apoptosis,  depending  on
he  functions  of  their  target  mRNAs  [12].  In  recent  years,
ccumulating  evidences  have  suggested  that  miRNAs  play  a
ritical  role  in  HCC  development  and  progression  [13—15].
nd  there  are  also  studies  have  demonstrated  that  several
iRNAs  in  tumor  tissues  have  great  potential  for  helping
rognostic  assessment  of  HCC  patients,  such  as  miR-25,  miR-
30a,  miR-221  and  miR-339  [16—19].

MiR-200c,  which  located  on  chromosome  12p13,  is  the
ost  representative  and  highly  studied  miRNA  among  the
ve  members  of  the  miR-200  family  [20].  It  has  been  demon-
trated  that  miR-200c  plays  a  critical  role  in  the  regulation  of
pithelial-mesenchymal  transition  (EMT),  which  is  a  crucial
tep  in  the  invasion  and  metastasis  of  tumor  cells  [21,22].
hus,  miR-200c  is  supposed  to  be  used  as  a  diagnostic  or
rognostic  biomarker  for  cancer  patients.  Up  to  now,  numer-
us  studies  have  investigated  the  association  between  the
xpression  levels  of  miR-200c  and  the  prognosis  of  various
uman  cancers,  including  lung  cancer,  gastric  cancer,  blad-
er  cancer,  prostate  cancer,  and  so  on  [23].  But,  the  results
re  conflicting  on  this  issue  in  different  types  of  cancer  or
opulations  [23].  It  was  reported  by  Guo  et  al.  that  reduced
iR-200c  expression  could  induce  abnormal  hepatic  lipid

ccumulation  by  stimulating  JUN  expression  and  activating
he  transcription  of  srebp1  [24],  and  another  in  vitro  study
y  Li  et  al.  has  demonstrated  that  miR-200c  could  inhibit
he  proliferation,  migration  and  invasion  of  HCC  cells  by

uppressing  MAD2L1  [25].  However,  to  the  best  of  our  knowl-
dge,  the  clinical  significance  of  miR-200c  in  HCC  has  not
een  studied  yet.
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In  the  present  study,  we  investigated  the  expression
evels  of  miR-200c  in  HCC  and  adjacent  non-tumor  tissue
amples.  And  we  also  analyzed  the  correlation  of  miR-200c
xpression  with  clinicopathological  characteristics  and  sur-
ival  rates  of  the  HCC  patients  after  2  years  surgery,  by  which
o  determine  the  prognostic  role  of  miR-200c  in  HCC.

aterial and methods

atients  and  tissue  samples

 total  of  148  HCC  patients  who  underwent  surgical  resec-
ions  at  affiliated  hospital  of  Youjiang  medical  college
or  nationalities  were  recruited  in  the  study  between
anuary  2014  and  December  2016.  None  of  the  patients
ad  received  chemotherapy,  radiotherapy  or  immunother-
py  before  surgery.  The  diagnosis  of  each  HCC  case  was
istopathologically  confirmed.  All  tumor  and  matched  adja-
ent  non-tumor  liver  tissue  samples  were  obtained  and
ell-preserved  at  -80◦ until  they  were  used  for  the  exper-

ments.  The  present  study  was  approved  by  the  ethics
ommittee  of  affiliated  hospital  of  Youjiang  medical  college
or  nationalities.  All  patients  provided  written  informed  con-
ent  to  approve  the  use  of  their  tissue  samples  for  research
urposes.  Patients’  clinical  information,  including  age,  gen-
er,  tumor  size,  number  of  tumor  nodules,  histologic  grade,
NM  stage,  vein  invasion,  cirrhosis  status,  Hepatitis  B  virus
HBV)  infection,  and  serum  level  of  �-fetoprotein  (AFP)  was
ollected.  The  follow-up  information  was  updated  at  least
very  3  months  by  a  telephone  call  or  clinical  examination
uring  2  years  of  follow-up.  OS  is  defined  as  the  time  elapsed
rom  the  surgery  to  the  death  of  the  HCC  patients.

NA  isolation  and  quantitative  real-time  PCR
qRT-PCR)

otal  RNA  was  isolated  from  all  tissue  samples  using  the
rizol  reagent  (Invitrogen,  US)  according  to  the  manufac-
urer’s  protocol.  The  purity  and  concentration  of  RNA  were
easured  with  a  NanodropTM spectrophotometer  (Thermo

cientific,  US).  The  miR-200c  and  U6-specific  cDNAs  were
ynthesized  from  the  total  RNA  using  TaqMan  miRNA  Reverse
ranscription  kits  (Thermo  Scientific,  US).  Then,  the  reverse
ranscription  products  were  amplified  and  detected  by
eal-time  PCR  using  TaqManTM MicroRNA  Assays  specific  for
iR-200c  and  U6  (Thermo  Scientific,  US)  on  a  CFX  ConnectTM

eal-Time  PCR  system  (Bio-Rad,  US).  Each  sample  was  car-
ied  out  in  triplicate.  The  cycling  conditions  were:  95 ◦ for
0  minutes,  40  cycles  of  95 ◦ for  15  seconds  and  60 ◦ for

 minute.  U6  small  nuclear  RNA  was  used  as  an  endoge-
ous  control  for  normalization.  The  cycle  threshold  (CT)
alue  was  calculated.  And  relative  quantification  of  miR-
00c  expression  for  each  sample  was  calculated  by  using
he  2-��CT method.

tatistical analysis
he  statistical  analyses  were  performed  using  the  SPSS
ersion  19.0  software  and  GraphPad  Prism  5.0  software.
ontinuous  variables  were  expressed  as  means  ±  standard
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Figure  1  Comparison  of  miR-200c  expression  levels  between
HCC tissues  and  adjacent  non-tumor  liver  tissues.  Analysis  using
the paired  student’s  t-test  showed  that  the  relative  expression
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deviations  (SD).  Paired  student’s  t test  was  used  to  compare
the  miRNA  levels  between  tumor  and  adjacent  non-tumor
tissues.  Patients  were  divided  into  high  and  low  expression
groups  according  to  the  median  relative  level  of  miR-200c.
Associations  between  miR-200c  expression  and  clinicopatho-
logical  characteristics  were  analyzed  using  Chi-square  test.
The  survival  curves  were  estimated  using  the  Kaplan-Meier
method,  and  differences  in  the  survival  distributions  were
analyzed  by  the  log-rank  test.  Multivariate  analysis  of  the
prognostic  factors  was  performed  with  a  Cox  proportional
hazards  regression  model.  A  P-value  of  less  than  0.05  was
considered  to  be  significant.

Results

Patient  characteristics

The  clinical  characteristics  for  148  HCC  patients  are
described  in  Table  1.  The  148  patients  included  100  men
and  48  women.  The  median  age  at  diagnosis  was  51.7
years  (range,  35—70  years).  Most  of  patients  had  positive
HBV  infection  (85.1%),  cirrhosis  (86.5%),  well  differenti-
ated  or  moderately  differentiated  HCC  (80.4%),  and  vascular
invasion  was  only  present  in  24  patients  (16.2%).  Nearly
40  percent  of  patients  had  elevated  serum  AFP  level
(>  400  ng/mL)  and  multiple  tumor  nodules.  The  median  time
of  follow-up  was  19.5  months  (range,  3—24  months).  By  the
end  of  the  last  follow-up,  eighty  patients  had  experienced
tumor  recurrence  and  55  patients  had  died.  The  median
recurrence-free  survival  (RFS)  was  17.5  months.

MiR-200c  expression  was  down-regulated  in  HCC

Expression  of  miR-200c  was  measured  in  148  paired  HCC
and  adjacent  non-tumor  liver  tissues  by  qRT-PCR.  The
results  showed  that  the  relative  expression  of  miR-200c  in
HCC  tissues  was  3  ±  1.28  (mean  ±  SD),  while  the  relative
expression  of  miR-200c  in  adjacent  non-tumor  liver  tissues
was  5.99  ±  1.82.  The  difference  was  statistically  significant
(P  <  0.0001,  Fig.  1),  indicating  that  miR-200c  expression  was
down-regulated  in  HCC.

The  association  of  miR-200c  expression  with
clinicopathological  characteristics  of  HCC  patients

To  identify  the  role  of  miR-200c  expression  in  HCC,  we
analyzed  the  correlation  between  miR-200c  expression  and
clinicopathological  characteristics,  including  gender,  age,
tumor  size,  number  of  tumor  nodules,  histologic  grade,
TNM  stage,  vein  invasion,  cirrhosis  status,  HBV  infection
and  serum  AFP  level.  The  results  showed  that  low  expres-
sion  of  miR-200c  was  more  frequently  detected  in  patients
with  large  tumor  (P  =  0.021),  elevated  serum  AFP  level

(P  =  0.016),  advanced  TNM  stage  (P  =  0.019)  and  vein  inva-
sion  (P  =  0.026)  (Table  1).  However,  there  were  no  significant
correlations  of  miR-200c  expression  with  other  clinicopatho-
logical  characteristics.

H
t
g
c

evels  of  miR-200c  in  the  HCC  tissues  were  significantly  lower
han those  in  adjacent  non-tumor  liver  tissues  (P  <  0.0001).

he expression levels of miR-200c correlate
ith prognosis of patients with HCC

e  analyzed  the  OS  and  RFS  rates  to  evaluate  the  prognostic
ignificance  of  miR-200c  expression  by  using  the  Kaplan-
eier  method  and  log-rank  test.  The  results  showed  that
CC  patients  with  low  miR-200c  expression  had  shorter
S  (p  =  0.023,  Fig.  2A)  and  RFS  (P  =  0.002,  Fig.  2B)  than
hose  with  high  miR-200c  expression.  The  2-year  OS  and
FS  rates  in  the  low  expression  group  was  54.1%  and  33.8%
espectively,  compared  with  71.6%  and  58.1%  respectively,
n  the  high  expression  group.  Univariate  analysis  showed
hat  miR-200c  expression  levels,  tumor  size,  AFP  level,  TNM
tage,  vein  invasion  were  significantly  correlated  with  OS
nd  RFS  (P  <  0.05,  Table  2  and  Table  3).  A  multivariate  anal-
sis  was  performed  on  all  variables  which  were  significant
n  the  univariate  analysis,  by  using  the  Cox  proportional
azards  model.  The  results  showed  that  miR-200c  expres-
ion  levels  (P  =  0.008),  tumor  size  (P  =  0.006)  and  TNM  stage
P  =  0.007)  were  independent  prognostic  factors  for  pre-
icting  the  2-year  OS  of  HCC  patients  (Table  2).  Moreover,
n  analyses  of  RFS,  miR-200c  expression  levels  (P  <  0.001),
umor  size  (P  =  0.007),  serum  AFP  level  (P  =  0.018)  and  TNM
tage  (P  =  0.022)  emerged  as  significant  independent  prog-
ostic  factors  (Table  3).

iscussion

espite  the  success  of  HBV  vaccine  to  prevent  liver  can-
er  in  children  in  China,  there  are  approximately  466,100
ew  cases  of  liver  cancer  reported  per  year,  which  account
or  one-third  to  one-half  of  the  global  incidence  [1].  And
eath  rates  are  still  increasing  rapidly  for  liver  cancer,  while
he  overall  cancer  death  rates  are  decreasing  continuously
ver  the  past  2  decades  [1,26].  Thus,  novel  biomarkers  for

CC  diagnosis  and  prognosis  are  required,  as  well  as  new
herapies.  Numerous  studies  have  shown  that  miRNAs  hold
reat  promise  as  diagnostic  and  prognostic  markers  for  can-
er,  because  they  are  stable  and  easy  to  detect.  Up  to  now,
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Table  1  The  miR-200c  expression  and  clinicopathological  characteristics  of  HCC  patients.

Variable No. Tissue  miR-200c  relevant  expression  level

Low,  n  (%)  High,  n  (%)  P-value

Gender
Male  100  52  (35.1)  48  (32.4) 0.482
Female  48  22  (14.9)  26  (17.6)

Age
< 50  years 63  30  (20.3) 33  (22.3) 0.618
≥ 50  years 85  44  (29.7) 41  (27.7)

HBV infection
Negative  22  15  (10.1)  7  (4.7) 0.065
Positive 126  59  (39.9)  67  (45.3)

Cirrhosis
Negative  20  8  (5.4)  12  (8.1) 0.336
Positive  128  66  (44.6)  62  (41.9)

Tumor size  (cm)
≤  5  82  34  (23)  48  (32.4) 0.021a

>  5  66  40  (27)  26  (17.6)
Tumor number

Solitary  92  44  (29.7)  48  (32.4) 0.498
Multiple  56  30  (20.3)  26  (17.6)

Serum AFP  level  (ng/mL)
≤  400  96  41  (27.7)  55  (37.2) 0.016a

>  400  52  33  (22.3)  19  (12.8)
TNM stage

I—II  88  37  (25)  51  (34.5) 0.019a

III—IV  60  37  (25)  23  (15.5)
Vein invasion

Absent  124  57  (38.5)  67  (45.3) 0.026a

Present  24  17  (11.5)  7  (4.7)
Histologic grade

Well  +  moderate  119  58  (39.2)  61  (41.2) 0.534
Poor 29  16  (10.8)  13  (8.8)

HBV: hepatitis B virus; AFP: �-fetoprotein.
a Means P-value < 0.05.

Table  2  Univariate  and  multivariate  Cox  regression  analyses  of  overall  survival  in  148  HCC  patients.

Univariate  analysis  Multivariate  analysis

Variable  HR  (95%  CI)  P-value  HR  (95%  CI)  P-value

miR-200c  (low)  1.88  (1.091—3.24)  0.023a 2.226  (1.235—4.012)  0.008a

Gender  (female)  0.97  (0.548—1.719)  0.917
Age (≥  50  years)  1.401  (0.825—2.377)  0.212
HBV infection  (positive)  1.254  (0.567-2.771)  0.576
Cirrhosis (positive)  1.129  (0.533-2.389)  0.751
Tumor size  (>  5  cm)  1.872  (1.098-3.193)  0.021a 2.192  (1.257—3.823)  0.006a

Tumor  number  (multiple)  1.25  (0.732-2.137)  0.414
AFP (>  400  ng/mL)  2.411  (1.419-4.098)  0.001a 1.624  (0.858—3.073)  0.136
TNM stage  (III—IV)  2.789  (1.622-4.795)  <  0.001a 2.205  (1.246—3.902)  0.007a

Vein  invasion  (present) 3.058  (1.699-5.505)  <  0.001a 1.872  (0.929—3.769)  0.079
Histologic grade  (poor)  1.502  (0.709-3.179)  0.288

HBV: hepatitis B virus; AFP: �-fetoprotein; HR: hazard ratio; CI: confidence interval.
a Means P-value < 0.05.
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Table  3  Univariate  and  multivariate  Cox  regression  analyses  of  recurrence-free  survival  in  148  HCC  patients.

Univariate  analysis  Multivariate  analysis

Variable  HR  (95%  CI)  P-value  HR  (95%  CI)  P-value

miR-200c  (low)  2.019  (1.286—3.17)  0.002a 2.662  (1.618-4.38)  <  0.001a

Gender  (female)  1.082  (0.681—1.72)  0.74
Age (≥  50  years)  1.343  (0.866—2.083)  0.188
HBV infection  (positive) 1.726  (0.831—3.585) 0.143
Cirrhosis  (positive) 1.091  (0.577—2.062) 0.788
Tumor  size  (>  5  cm) 1.662  (1.071—2.579) 0.024a 1.89  (1.187—3.008) 0.007a

Tumor  number  (multiple) 1.495  (0.962—2.323) 0.074
AFP  (>  400  ng/mL)  2.198  (1.413—3.419)  <  0.001a 1.936  (1.122—3.342)  0.018a

TNM  stage  (III-IV)  2.221  (1.429—3.452)  <  0.001a 1.74  (1.085—2.79)  0.022a

Vein  invasion  (present)  2.217  (1.291—3.806)  0.004a 1.209  (0.634—2.306)  0.564
Histologic grade  (poor)  1.369  (0.755—2.48)  0.301

HBV: hepatitis B virus; AFP: �-fetoprotein; HR: hazard ratio; CI: confid
a Means P-value < 0.05.

Figure  2  Survival  analysis  of  148  HCC  patients  by
Kaplan—Meier  method.  A.  Overall  survival  of  patients  with  high
and low  expression  of  miR-200c  in  HCC  tissues.  B.  Recurrence-
free  survival  of  patients  with  high  and  low  expression  of
miR-200c  in  HCC  tissues.

a
c
o
fi
o
i
a
r
c
m
a
p
t
p
e
t
s

m
i
s
w
[
t
d
i
m
e
i
g
d
r
t
g
a
[
e

t
d
w

ence interval.

pproximately  50  miRNAs  have  been  reported  to  be  asso-
iated  with  the  prognosis  of  HCC  [27].  For  example,  the
verexpression  of  miR-25  in  HCC  tissues,  which  was  signi-
cantly  correlated  with  serum  AFP  level  and  TNM  stage,  is
f  predictive  value  on  poor  prognosis  [16].  MiR-200  family
s  composed  of  two  clusters:  the  miR-200a/b/429  cluster
nd  the  miR-200c/141  cluster  [20].  Since  Hurteau  et  al.  first
eported  that  miR-200c  was  dysregulated  in  several  can-
er  cell  lines  [28],  many  studies  have  demonstrated  that
iR-200c  could  be  used  as  an  intracellular  marker  in  tissues

nd  an  extracellular  marker  in  body  fluids  for  diagnosis  and
rognosis  of  patients  with  various  types  of  cancer  [23].  To
he  best  of  our  knowledge,  the  present  study  is  the  first  to
rovide  reliable  evidence  about  the  association  of  miR-200c
xpression  in  HCC  tissues  with  clinicopathological  charac-
eristics,  OS  and  RFS  rates  of  the  HCC  patients  after  2  years
urgery,  in  a  Chinese  population.

Previous  studies  have  reported  that  the  expression  of
iR-200c  was  significantly  down-regulated  in  tumor  tissues

ncluding  high-grade  dysplastic  nodules  (HGDNs),  unifocal
mall  HCCs  (sHCCs)  and  advanced  HCCs  (aHCCs),  compared
ith  their  corresponding  adjacent  non-tumor  liver  tissues

25]. Similar  to  that,  in  the  present  study,  we  also  found
hat  the  expression  levels  of  miR-200c  were  significantly
ecreased  in  HCC  tissues.  CRKL  plays  an  important  role
n  cell  proliferation  and  correlates  with  the  invasion  and
etastasis  of  liver  tumors  [29].  Previous  study  by  Tamura

t  al.  has  demonstrated  that  the  miR-200b/200c/429  could
nhibit  CRKL  mRNA  and  protein  expression  by  directly  tar-
eting  its  3’-UTR  region,  and  miR-200  family  members  are
irect  targets  of  p53  family.  Thus,  p53  family  could  down-
egulate  the  CRKL  oncogene  through  miR-200b/200c/429
ransactivation  [30]. Since  the  somatic  mutations  in  the  p53
ene  are  involved  in  the  molecular  pathogenesis  of  HCC,
nd  p53  response  pathway  is  frequently  defective  in  HCC
31], these  might  be  the  mechanism  by  which  the  miR-200c
xpression  was  down-regulated  in  HCC  tissues.
Previous  study  by  Karakatsanis  et  al.  has  also  reported
hat  the  expression  levels  of  miR-200c  were  significantly
ecreased  in  HCC  tissues,  but  no  significant  associations
ere  found  between  miR-200c  expression  and  clinical  fea-
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20  

ures  including  tumor  size,  differentiation  and  stage  [32].
owever,  in  the  search  of  possible  correlations  with  clin-

copathological  characteristics,  our  correlational  analyses
evealed  that  the  expression  of  miR-200c  was  significantly
ssociated  with  tumor  size,  serum  AFP  level,  TNM  stage  and
ein  invasion.  These  differences  in  results  might  be  related
o  the  clinical  characteristics  of  the  different  study  popu-
ations,  because  the  proportion  of  HCC  patients  with  large
umor,  poor  differentiated  tumor  and  advanced  TNM  stage
as  much  lower  in  the  present  study,  when  compared  with

he  study  by  Karakatsanis  et  al  [32].  Our  results  were  con-
istent  with  previous  in  vitro  studies,  which  had  shown  that
p-regulation  of  miR-200c  could  suppress  the  proliferation,
igration,  invasion  and  induced  apoptosis  and  cell  cycle

rrest  of  HCC  cells  [25].  Thus,  it  suggested  that  miR-200c
ight  represent  a  novel  biomarker  of  tumor  aggressive-

ess.  Considering  that  circulating  miRNAs,  which  are  notably
table  in  the  serum  or  plasma,  have  been  suggested  as
romising  non-invasive  diagnostic  markers  for  various  types
f  cancer,  further  basic  and  clinical  studies  which  aim  to
valuate  the  diagnostic  value  of  circulating  miR-200c  for
CC  patients  would  be  of  great  value  in  improving  detection
ractices.  Moreover,  although  miR-200c  plays  a  critical  role
n  the  regulation  of  EMT,  it  was  surprising  that  we  did  not
ound  a  correlation  between  miR-200c  expression  and  tumor
ifferentiation.  It  might  be  deviations  in  analysis  because  of
he  relative  small  number  of  poorly  differentiated  tumors
29/148)  in  the  present  study.  Further  studies  are  required.
n  addition,  the  expression  patterns  of  several  miRNAs  might
e  different  in  benign,  malignant  and  various  subtypes  of
epatocellular  tumors,  such  as  miR-200c,  miR-203,  miR-10b,
iR-21  and  miR-222  [33].  It  is  noteworthy  that  miR-200c

as  been  reported  to  be  under-expressed  in  hepatocellular
enign  tumors  when  compared  to  HCC  [33],  but  it  is  still
nknown  how  and  why  benign  tumors  cause  changes  in  the
xpression  levels  of  miR-200c.  We  supposed  it  was  related
o  some  specific  oncogene  and  tumor  suppressor  gene  muta-
ions,  which  might  be  used  for  a  refined  classification  of
epatocellular  tumors.  Further  studies  are  also  required.

Accumulating  evidences  have  shown  that  miR-200c  plays
n  important  role  in  regulating  cancer  metastasis  and  acqui-
ition  of  drug  resistance  [20].  In  a  most  recent  review,
4  eligible  studies  concerning  the  miR-200c  expression  and
ancer  prognosis,  were  included  in  the  meta-analysis  [23].
pproximately  half  of  these  studies  demonstrated  that  the
levated  expression  levels  of  miR-200c  was  associated  with
he  superior  prognosis  of  certain  types  of  cancer  includ-
ng  gastric  cancer,  ovarian  cancer,  breast  cancer,  colorectal
ancer  and  so  on,  indicating  that  miR-200c  served  as  an
nti-oncogene.  However,  other  studies  reported  opposing
esults  in  these  cancers  and  verified  the  oncogenic  func-
ion  of  miR-200c.  The  results  showed  that  the  pooled  hazard
atios  (HRs)  reveal  a  significant  relationship  between  the
p-regulated  expression  levels  of  miR-200c  and  worse  over-
ll  survival  rates  (HR  =  1.37,  95%  confidence  interval  (CI):
.01—1.85)  [23].  In  contrast,  our  results  demonstrated  that
CC  patients  with  low  miR-200c  expression  levels  had  a  sig-
ificantly  worse  2-year  OS  and  RFS  rates  than  those  with  high

iR-200c  expression  levels.  Moreover,  multivariate  analysis

dentified  that  miR-200c  was  a  prognostic  indicator  inde-
endent  of  adjusted  well-known  prognostic  factors  for  HCC
ncluding  tumor  size,  serum  AFP  level,  TNM  stage  and  vein
C.  Luo  et  al.

nvasion.  Thus,  miR-200c  has  great  potential  to  be  used  as
 prognostic  biomarker  for  HCC  patients  after  surgery.

Several  limitations  in  the  present  study  should  be
cknowledged.  First,  all  patients  were  recruited  consecu-
ively  from  a  single  center  in  our  hospital,  which  means  they
ay  not  be  representative  of  the  general  HCC  patients.  Sec-

nd,  we  still  lack  of  uniformity  and  reproducibility  in  the
riteria  for  discriminating  between  high  and  low  expres-
ion  of  miR-200c  in  HCC  patients,  which  may  lead  to  its
oor  transferability  to  clinical  practice,  and  different  results
rom  other  studies  in  the  future.  Third,  the  retrospective
ature  of  the  present  study  and  the  small  sample  size  did
ot  allow  us  to  draw  any  concrete  conclusions  regarding
he  effectiveness  of  miR-200c  in  the  prediction  of  the  HCC
rognosis.  Therefore,  further  prospective  studies  with  larger
ample  sizes  are  required  to  confirm  the  present  findings.

onclusions

n  conclusion,  our  results  demonstrated  that  miR-200c
xpression  was  significantly  decreased  in  HCC  tissues  and
ssociated  with  tumor  invasion  and  progression.  Moreover,
iR-200c  may  serve  as  a  prognostic  biomarker  for  HCC
atients  after  surgery.
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