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BACKGROUND: PIWI protein family was found to play an important role in stem cell self-renewal. Overexpression of

HIWI, the human homolog of PIWI family proteins, was found in several solid tumors, although the role of HIWI in he-

patocellular carcinoma (HCC) and its prognostic value remain unclear. METHODS: HIWI expression was measured in

stepwise metastatic HCC cell lines (HCCLM3, MHCC97H, MHCC97L, SMMC7721, and HepG2), the normal liver cell line

(L02), and HCC tissue samples (n ¼ 20). Proliferation and invasion were investigated in HCC cell lines undergoing

HIWI target small interfering RNA transfection. Also explored was HIWI expression in HCC tissue microarrays (n ¼
168) for survival analysis. RESULTS: Levels of HIWI protein and mRNA were up-regulated in highly metastatic HCC

cell lines (HCCLM3, MHCC97H, and MHCC97L), whereas their proliferation and invasion significantly decreased after

depletion of HIWI. Intratumoral HIWI expression was higher than that of peritumoral tissue (P < .001) and positively

associated with proliferating cell nuclear antigen expression (P < .001). Positive expression of intratumoral HIWI was

associated with larger tumor size (P ¼ .047) and intrahepatic metastasis (P ¼ .027) and was an independent risk fac-

tor for overall survival (P ¼ .007) and recurrence-free survival (P ¼ .036), particularly in patients with low serum a-
fetoprotein and low Edmondson-Steiner grade. CONCLUSIONS: HIWI may play a key role in HCC proliferation and

metastasis and can be a potential prognostic factor for HCC after curative resection, particularly with well-differenti-

ated HCC. Cancer 2012;118:2708-17. VC 2011 American Cancer Society.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most prevalent human cancers and the third most common cause
of death from cancer worldwide.1 The 5-year recurrence rate after curative resection is 54.1% to 61.5%, with a poor over-
all survival (OS), although surgical resection and liver transplantation have provided valid approaches to treat HCC.2 The
high recurrence rate and behindhand diagnosis are considered as the major causes of poor outcomes in patients with hepa-
tectomy. Thus, exploring effective biomarkers to predict outcome and adjuvant agents to prevent postoperative recurrence
and prolong the patient’s life span is important.3

As component proteins of the RNA interference (RNAi) machinery, Argonaute proteins are present in all RNA-
induced silencing complexes.4 In humans, 8 Argonaute-like proteins are divided into 2 subfamilies: AGO and PIWI.5

HIWI (also named PIWIL1), a human homolog of the PIWI subfamily, has been described in various species6-9 and
expresses mainly in human germ cells. It is highly conserved during evolution and plays a crucial role in stem cell self-
renewal, division, gametogenesis, germ cell proliferation, and RNAi in diverse organisms.10-13 Expression patterns and
biologic capacities of HIWI are considered the key elements in regulation of cancer cells and a promising biomarker to
detect tumors, determine prognosis, or function as a therapy target.
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HIWI overexpression has been found to be related
with cancer. Qiao et al14 found that aberrant HIWI
expression might contribute to occurrence and develop-
ment of seminoma. HIWI was present in the early phase
of hematopoietic cell proliferation, probably causing the
arrest of cell differentiation, and was associated with the
occurrence of leukemia.15 In addition, HIWI could be
an effective prognostic factor in soft-tissue sarcoma,16

esophageal squamous cell carcinoma,17 and pancreas ad-
enocarcinoma.18 However, little is known about the role
and prognostic value of HIWI in HCC.

In the current study, HIWI expression was measured
in stepwise metastatic HCC cell lines andHCC tissue sam-
ples with long-distance peritumoral tissue. Cell prolifera-
tion and invasion were investigated in high-metastatic
HCC cell lines undergoing HIWI target small interfering
RNA (siRNA) transfection. We also explored HIWI
expression in HCC tissue microarrays (TMAs) to evaluate
its association with clinicopathologic factors and prognosis
of HCC patients. In addition, we investigated the relation
between HIWI expression and proliferating cell nuclear
antigen (PCNA). As a result, we found that HIWI played
an important role in HCC proliferation and metastasis and
was associated with prognosis of HCC patients.

MATERIALS AND METHODS

Cell Lines and Culture Conditions

Five HCC cell lines (HepG2, SMMC7721, MHCC97L,
MHCC97H, and HCCLM3) and 1 normal liver cell line
(L02) were used in cell experiments. HepG2 and
SMMC7721 are HCC cell lines with low metastatic poten-
tial. MHCC97L, MHCC97H, and HCCLM3 are HCC
cell lines with high metastatic potential. HepG2 and L02
were originally obtained from American Type Culture Col-
lection (ATCC, Manassas, VA). HCCLM3, MHCC97H,
and MHCC97L were established by the Liver Cancer Insti-
tute of Zhongshan Hospital (Shanghai, China) and
SMMC7721 was established by the Second Military Medi-
cine College (Shanghai, China). These cells were cultured at
37�C in a humidified atmosphere of 5% CO2 in Dulbec-
co’s modified Eagle’s medium (DMEM; Invitrogen, Carls-
bad, CA) with 10% fetal bovine serum (FBS; Invitrogen).

Patients, Specimens, and Follow-up

From March 2001 to March 2006, 168 patients who
underwent curative resection for pathologically confirmed
HCCwere randomly enrolled. No patient received preop-
erative anticancer treatment. Tumor stage was determined

according to the 2002 International Union Against
Cancer TNM classification system.19 Tumor differentia-
tion was graded by the Edmondson-Steiner grading
system. Hepatitis B history was defined as history with a
positive serum hepatitis B surface antigen. A tumor with
complete encapsulation was defined as a tumor sur-
rounded continuously by a fibrous capsule or a thinner
pseudocapsule.20 Intrahepatic metastasis was defined as
presence of tumor thrombi in the portal vein or satellite
nodules surrounding a larger main tumor.21 Microvascu-
lar invasion was defined as presence of tumor cells within
a vascular lumen lined by endothelium under micros-
copy.22 All patients were recruited into the current study
after informed consent. This study was approved by the
Research Ethics Committee of Zhongshan Hospital.

All patients were followed up until March 2008
with a median observation time of 31.6 months. As fol-
low-up procedures, abdominal ultrasonography, serum a-
fetoprotein (AFP) levels, and chest radiographs were
monitored with an interval of 2 months to 6 months after
the operation day. Computed tomography scanning or
magnetic resonance imaging was performed when recur-
rence was suspected. OS was defined as the interval
between surgery and death. Recurrence-free survival
(RFS) was defined as the interval between surgery and re-
currence. If recurrence was not diagnosed, patients were
censored on the date of death or the last follow-up.

Twenty paired intratumoral and long-distance peri-
tumoral tissue samples (at a distance >30 mm from the
tumor edge) of consecutive HCC patients undergoing cu-
rative resection were also collected. Intratumoral tissues
and peritumoral tissues at 2 distances (10 mm and 30
mm) from the tumor margin were used in quantitative
real-time polymerase chain reaction (qRT-PCR). All sam-
ples were collected in the operating room immediately af-
ter surgery and then were frozen in liquid nitrogen. No
patient received preoperative anticancer treatment.

RNA Isolation and qRT-PCR

Total RNA was extracted from the HCC cell lines and 20
HCC tissue samples using Trizol reagent (Invitrogen)
according to the manufacturer’s instructions. qRT-PCR
was performed using a SYBR PrimeScript qRT-PCR Kit
(Takara, Dalian, China) according to the manufacturer’s
instructions. b-actin was used as an internal control. The
primers were as follows: HIWI forward primer 50-GAAG
CAGCCTGTCTTGGTCAGC-30 and reverse primer
50-GAATCAAAGCTCAAACCCCAGTCTC-30 and
b-actin forward primer 50-CACCATGAAGATCAAGA
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TCATTGC-30 and reverse primer 50-GGCCGGACTC
ATCGTACTCCTGC-30. Relative mRNA levels were
calculated based on Ct values, corrected for b-actin
expression, according to the equation: K� 2�DCt [DCt¼
Ct (HIWI) � Ct (b-actin)], where K is a constant. All
experiments were performed in triplicate.

Western Blot Analysis

Cultured HCC cells were collected and lysed with Pro-
teoJET Mammalian Cell Lysis Reagent (Fermentas, Bur-
lington, Canada). After centrifugation at 12,000 rpm at
4�C for 15 minutes, the supernatant was subjected to
sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis analysis. The resolved proteins were transferred onto
nitrocellulose membranes (Bio-Rad, Hercules, CA).
Membranes were blocked with 10% nonfat dry milk for
1 hour at room temperature and then incubated with
HIWI antibody (Abcam, Cambridge, MA; diluted
1:1000) or b-actin antibody (Abcam; diluted 1:5000) at
4�C overnight. For detection, membranes were incu-
bated with a horseradish peroxidase-conjugated second-
ary antibody (Sigma, St. Louis, MO) and the bands
were detected using the electrochemoluminescence
(ECL) detection system (Amersham, Uppsala, Sweden)
following the manufacturer’s instructions.

siRNA-Mediated Silencing of HIWI

The target siRNA sequences used in our study were
sense: 50-GCCGUUCAUACAAGACUAATT-30; anti-
sense: 50-UUAGUCUUGUAUGAACGGCTT-30 (HIWI-
1510), sense: 50-GUGGGCCUUAUAUCAGUAUTT-30;
antisense: 50-AUACUGAUAUAAGGCCCACTT-30 (HI
WI-970), and sense: 50-UUCUCCGAACGUGUCACG
UTT-30; antisense: 50-ACGUGACACGUUCGGAGA
ATT-30 (control). RNA duplexes were synthesized by
BioTNT (Shanghai, China). HCCLM3, MHCC97H, and
MHCC97L cells were used in siRNA analysis, and transfec-
tion of siRNA was performed using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions.

Cell Proliferation and Invasion

Cells were seeded onto a 96-well plate (3000 per 100 ll/
well), incubated for 24 hours, and then treated with
HIWI siRNA for 6 hours. After replacing the medium
with 100 ll DMEM containing 10% FBS, 10 ll of CCK-
8 solution (Dojindo, Kyrshu, Japan) was added at various
time points (24 hours, 48 hours, 72 hours, 96 hours, 120
hours, and 144 hours), and plates were incubated for a

further 1 hour. The absorbance at 450 nm was measured
to determine the number of viable cells in each well.

Cell invasion analysis was performed using a Trans-
well (Corning, NY). A total of 5000 cells per 200 ll/well
of HIWI siRNA-transfected cells in serum-free DMEM
were added into the well of an 8-lm pore membrane
chamber coated with Matrigel (BD Biosciences, Bedford,
MA). The bottom chamber contained 600 ll of 10% FBS
in DMEM as a chemoattractant. After 48 hours, migrated
cells on the bottom surface were fixed with 4% paraformal-
dehyde and counted after staining with Giemsa (Baso,
Zhuhai, China). Any cells that had not penetrated the fil-
ters were removed by scrubbing with cotton swabs. Cells
that migrated to the bottom surface of the filter were con-
sidered to have invaded through the matrix and were
counted under a microscope. All experiments were per-
formed in triplicate.

Immunohistochemistry (IHC)

In total, 336 pairs of cores of representative formalin-fixed,
paraffin-embedded tumor tissue and liver tissue adjacent to
the tumor from recruited patients mentioned above were
constructed into TMAs. Two duplicate cylinders from 2 dif-
ferent areas, a total of 4 punches from each patient, were
obtained. The IHCprotocols were described in our previous
studies.23 Primary antibodies were rabbit anti-human anti-
bodies combined with HIWI (Abcam; diluted 1:100) and
PCNA (Abcam; diluted 1:500). Components of the EnVi-
sion-plus detection system (EnVisionþ/HRP/Mo; Dako,
Carpinteria, CA) were used. Reaction products were visual-
ized by incubation with 3, 30-diaminobenzidine. Negative
controls were treated identically but with the primary anti-
bodies omitted. The intensity of positive staining was meas-
ured using a computerized image system composed of a
Leica charge-coupled device camera DFC420 connected to
a Leica DM IRE2 microscope (Leica, Cambridge, UK).
Under high-power magnification (�200), photographs of 4
representative fields were captured by the Leica QWin Plus
v3 software; identical settings were used for all photographs.

IHC staining was assessed by 3 experienced investi-
gators, who performed the evaluation independently.
Conflicting scores were resolved at a discussion micro-
scope. All of these investigators were isolated from the
related clinical information. For HIWI staining, we deter-
mined the percentage of cells with a positive score for
staining in the cytoplasm, membrane, or nucleus in the
whole biopsy cylinder. Specifically, the scoring procedure
was as follows: the staining intensity was scored (0, nega-
tive; 1, weak; 2, moderate; 3, high), and the percentage of
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positive cells was scored (0, 0% positive cells; 1, 1%-10%
positive cells; 2, 11%-50% positive cells; 3, >50% posi-
tive cells). The final score of each sample was obtained by
multiplying the scores for the staining intensity and per-
centage of cells. Samples were classified as negative when
the final scores were 0 to 3 and positive when 4 to 9. For

PCNA, a positive result was recorded when >50% of the
cells exhibited strong staining.24

Statistical Analysis

Values are expressed as the mean � standard error of the
mean. Unpaired t test or Pearson correlation test was used

Figure 1. HIWI is expressed in hepatocellular carcinoma cell lines. (A) Western blot analysis shows the HIWI protein levels in L02,
SMMC7721, HepG2, MHCC97L, MHCC97H, and HCCLM3 cells. (B) Relative HIWI mRNA levels in different cell lines were deter-
mined by quantitative real-time polymerase chain reaction (qRT-PCR) analysis. (C) Relative HIWI mRNA levels in 20 paired intra-
tumoral and peritumoral tissue samples at 2 distances (10 mm and 30 mm) from the tumor edge were determined by qRT-PCR
analysis. **P < .001.

Figure 2. Functions of HCCLM3 after HIWI siRNA transfection are shown. (A) HIWI expression in HCCLM3 cells was inhibited sig-
nificantly after siRNA transfection for 72 hours according to Western blot analysis and quantitative real-time polymerase chain
reaction. (B) Cell proliferation was measured using the CCK-8 assay. (C) Cell invasion was measured using Matrigel Transwell
invasion assays. Magnification, �200. **P < .001.
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to compare quantitative variables. Pearson chi-square test
or Fisher exact test was applied to compare qualitative var-
iables. The patients’ survival curve was plotted using the
Kaplan-Meier method, and the log-rank test was used to
determine the significant difference among groups. The
Cox regression model was used to perform multivariate
analysis. Analysis was performed using SPSS 16.0 for
Windows (SPSS Inc, Chicago, IL). P < .05 was consid-
ered statistically significant.

RESULTS

HIWI Expression in HCC Cell Lines and HCC
Tissues

HIWI expression in HepG2, SMMC7721, MHCC97L,
MHCC97H, and HCCLM3 cells was significantly higher
than in L02 cells (P < .05). Furthermore, HIWI expres-
sion increased in parallel with the metastatic potential of
HCC cell lines: the HIWI mRNA and protein levels in
MHCC97L, MHCC97H, and HCCLM3 cells were sig-
nificantly higher than those in SMMC7721 and HepG2

cells (P < .05), whereas no significant difference was
found among high metastatic cells as well as among low
metastatic potential cells (Figs. 1A and 1B).

In HCC tissue samples, HIWI expression was signif-
icantly higher in intratumoral tissues than in peritumoral
tissues regardless of the distance from the tumor margin
(P < .001), but no significant difference was found
between the peritumoral tissues at 10 mm and 30 mm (P
¼ .094; Fig. 1C).

Inhibition of HIWI Reduced Proliferation and
Invasion of HCC Cell Lines

To investigate the functions of HIWI in HCC cell lines,
we depleted HIWI in HCCLM3, MHCC97H, and
MHCC97L cells by siRNA transfection, which was con-
firmed by qRT-PCR and Western blotting. HIWI-970
and HIWI-1510 demonstrated significant suppression
effects compared with control siRNA sequences (P <

.001) and HIWI expression was significantly lower after
HIWI-1510 transfection than after HIWI-970

Figure 3. Representative intratumoral (A-C) and peritumoral (D-F) immunohistochemical staining of HIWI and representative
intratumoral (G-I) immunohistochemical staining of PCNA are shown. Case 2 (A, D, and G) showed strong positive staining of
HIWI and PCNA in intratumoral tissue and moderate positive staining in peritumoral tissue. Case 135 (B, E, and H) showed a mod-
erate positive staining of HIWI and PCNA in intratumoral tissue and negative staining in peritumoral tissue. Case 18 (C, F, and I)
showed weak positive staining of HIWI and PCNA in intratumoral tissue and negative staining in peritumoral tissue. Magnification,
�200.
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transfection (P < .001; Fig. 2A). In all cell lines, down-
regulation of HIWI caused significant suppression of cell
proliferation at 72 hours after transfection (P< .001; Fig.
2B). Decreased HIWI expression was also accompanied
by a decrease in invasion of HCC cells as measured in the
Matrigel Transwell assay (P< .001; Fig. 2c).

IHC Findings

HIWI stained the cytoplasm, membrane, and nucleus of
HCC cells and exhibited various staining patterns with
respect to staining intensity and percentage of positive
cells (Figs. 3A, 3B, and 3C). All the stromal cells were

negative staining. Most cells showed diffuse or focal stain-
ing patterns with intermediate or strong staining inten-
sity. We observed 26.19% (44 of 168) of HCC patients
with a positive score for HIWI. Most of the peritumoral
tissues showed negative or low HIWI expression; only
2.98% (5 of 168) of cases showed positive HIWI expres-
sion. A significant difference in HIWI expression was
found between intratumoral tissues and peritumoral tis-
sues (P < .001; Figs. 3D, 3E, and 3F). Patients with pos-
itive expression of intratumoral HIWI had a high
incidence of large tumor size (P ¼ .047), more intrahe-
patic metastasis (P ¼ 0.027), and more lymph node

Table 1. Relation Between Intratumoral HIWI and PCNA Expression and Clinicopathologic Features

Clinicopathologic Features HIWI Expression PCNA Expression

Negative No. Positive No. P Negative No. Positive No. P

Age, ya,b 50.94 48.05 .076 51.38 49.88 .423

Sex .745 .656

Male 115 40 39 116

Female 9 4 4 9

HBV History .814 .792

Yes 85 31 29 87

No 39 13 14 38

Liver cirrhosis .458 .681

1 97 32 34 95

2 27 12 9 30

Tumor size, cma 8.41 11.26 .047 7.76 9.73 .023

Intrahepatic metastasisc .027 .666

1 52 27 19 60

2 72 17 24 65

Lymph node metastasis .004 .573

1 0 4 0 4

2 124 40 43 121

Microvascular invasiond .236 .065

1 52 23 14 61

2 72 21 29 64

a-fetoproteina,b 4465 8989 .091 983.18 6801.11 .001

Tumor encapsulation .412 .064

Complete 51 15 22 44

None 73 29 21 81

Edmondson-Steiner grade .855 .025

I-II 97 35 39 93

III-IV 27 9 4 32

TNM stageb .143 .260

I 33 8 14 27

II 43 11 15 39

IIIA 43 22 13 52

HBV, hepatitis B virus.
a Student t test for quantitative variables.
b Several patients’ data (n � 8) were not obtained.
c Intrahepatic metastasis was defined as the presence of tumor thrombi in the portal vein or the presence of satellite nodules surrounding a larger main tumor.
dMicrovascular invasion was defined as the presence of tumor within a vascular lumen lined by endothelium under microscopy.

HIWI in Hepatocellular Carcinoma/Zhao et al

Cancer May 15, 2012 2713



metastasis (P ¼ .004). PCNA staining occurred mainly
in the nucleus in tumor or peritumoral liver tissue. In
intratumoral tissue, the positive rate of PCNA expression
was 97.73% (43 of 44) in tissue with positive HIWI
expression, whereas it was 66.13% (82 of 124) in tissue
with negative HIWI expression. PCNA expression was
positively correlated with HIWI (P < .001; Figs. 3G,
3H, and 3I; Table 1). In addition, serum AFP in well-dif-

ferentiated tissue was significantly lower than that in
poorly differentiated tissue (612.99 � 172.29 ng/ml vs
8793.08 � 1839.37 ng/ml; P < .001).

Relation Between HIWI Expression and
Patients’ Survival

The 1-, 3-, and 5-year OS rates of patients with positive
HIWI expression were 61%, 34%, and 34%, respectively,

Figure 4. Kaplan-Meier analysis depicts overall survival (OS) and recurrence-free survival (RFS) for HIWI expression. Shown are
OS and RFS for HIWI expression in 168 cases (A and B); OS and RFS for HIWI expression in the a-fetoprotein (AFP) �300 ng/ml
subgroup (C and D); OS and RFS for HIWI expression in the Edmondson-Steiner I-II subgroup (E and F); and OS and RFS for
HIWI expression in the group with both AFP �300 ng/ml and Edmondson-Steiner I-II (G and H).
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which were much lower than those of patients with nega-
tive HIWI expression (77%, 54%, and 49%, respectively;
P ¼ .021). Furthermore, the 1-, 3-, and 5-year RFS rates
of patients with positive HIWI expression (54%, 40%,
and 40%, respectively) were significantly lower than those
of patients with negative HIWI expression (69%, 59%,
and 58%, respectively; P¼ .037; Figs. 4A and 4B). Larger
tumor size, advanced microvascular invasion, and more
intrahepatic metastasis were also risk factors for both OS
and RFS in univariate analysis. Older age and hepatitis B
virus history were only associated with OS, whereas
advanced TNM stage and higher serum AFP were only
associated with RFS. Factors showing significance by uni-
variate analysis were adopted in multivariate Cox propor-
tional hazards analyses. Positive intratumoral HIWI
expression, larger tumor size, and advanced microvascular
invasion were independent risk factors for both OS and
RFS, in addition to older age being an independent risk
factor only for OS. Peritumoral HIWI expression was
associated with neither OS nor RFS (Table 2).

In addition, stratified analyses according to serum
AFP levels and Edmondson-Steiner grade were also con-
ducted to confirm the prognostic value of HIWI. HIWI
was a risk factor associated with OS and RFS in the AFP
�300 ng/ml subgroup (P ¼ .002 and P < .001, respec-
tively; Figs. 4C and 4D), Edmondson-Steiner I-II sub-
group (P ¼ .038 and P ¼ .022, respectively; Figs. 4E and
4F), and also the combination of the 2 factors (P ¼ .012
and P ¼ .007, respectively; Figs. 4G and 4H). However,
in the AFP >300 ng/ml (P ¼ .463 and P ¼ .987, respec-
tively) and Edmondson-Steiner III-IV subgroups (P ¼

.331 and P ¼ .912, respectively), HIWI was not associ-
ated with prognosis of HCC patients.

DISCUSSION
Recent studies have suggested that cancer stem cells play a
crucial role in hepatocarcinogenesis.25 As a key element in
the basic mechanism governing stem cell division, HIWI
has also been confirmed to participate in carcinogenesis,
tumor angiogenesis, and proliferation12,15,26 in several
tumors. However, in HCC, only Jiang et al27 found that
positive HIWI expression in HCC tissue was correlated
with HCC local and/or remote lymph node metastasis
and remote metastasis. In our study, we also found that all
cases with lymph node metastasis occurred in patients
with positive HIWI expression, although sample size bias
could not be completely excluded. Moreover, we found
that both mRNA and protein levels of HIWI expression
were up-regulated in 3 high metastatic potential HCC cell
lines that were isolated from the same parent cell
MHCC97.28 Interestingly, HIWI expression was not dif-
ferent among these HCC cell lines with different meta-
static potential. It is possible that as a conservative
protein, HIWI may just present different expression in tu-
mor cells from different individuals with different meta-
static capabilities. Its underlying mechanism remains
unclear and needs to be further investigated. Nevertheless,
the role of HIWI expression in invasive capability of
HCC cell lines has been verified in our study. Cell inva-
sion could be significantly inhibited by depletion of
HIWI. In addition, our data showed that intratumoral

Table 2. Univariate and Multivariate Analyses of Factors Associated With Survival and Recurrence

Factor OS RFS

Univariate P Multivariate Univariate P Multivariate
Hazard

Ratio

95% CI P Hazard

Ratio

95% CI P

Age, y: >51 vs �51 years .017 1.768 1.149-2.721 .010 .789

NA

Sex: female vs male .685 NA .332 NA

Hepatitis B virus history: yes vs no .039 NS .176 NA

Liver cirrhosis: yes vs no .206 NA .168 NA

Tumor size: >5 cm vs �5 cm <.001 2.733 1.648-4.531 <.001 <.001 3.927 2.092-7.373 <.001

Intrahepatic metastasis: yes vs no .005 NS .002 NS

Microvascular invasion: yes vs no .007 1.683 1.059-2.588 .018 <.001 2.888 1.723-4.839 <.001

a-fetoprotein: >300 ng/ml vs �300 ng/ml .222 NA .004 NS

Tumor encapsulation: complete vs none .684 NA .646 NA

Edmondson-Steiner grade: III-IV vs I-II .819 NA .060 NA

TNM stage: IIIA vs II vs I .051 NA <.001 NS

Intratumoral HIWI: negative vs positive .021 1.877 1.192-2.955 .007 .037 1.719 1.035-2.854 .036

Peritumoral HIWI: negative vs positive 0.986 NA .825 NA

CI, confidence interval; NA, not adopted; NS, not significant; OS, overall survival; RFS, recurrence-free survival.
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HIWI expression was higher compared with that of peri-
tumoral tissue and demonstrated that the tissue at a longer
distance from the tumor margin may express lower HIWI
despite the lack of a significant difference between the
peritumoral tissues at different distances. Liu et al12 have
confirmed that accumulation of HIWI was consistent
with precancerous development of gastric cancer. Thus,
we speculate that HIWI plays a pivotal role in the proc-
esses of liver cell malignant transformation. Furthermore,
association of HIWI expression with metastatic potential
of HCC cell lines and their invasive capability indicated
that HIWI expression was related to the malignant pheno-
type of HCC cell as well.

A previous study has shown that HIWI may be cor-
related with gastric cancer cell proliferation.12 High pro-
liferative activity of tumor cells is known to be associated
with tumor progression.24 In our study, expression of
PCNA, a nuclear protein that is synthesized in the G1-S
phase of the cell cycle, was shown to be positively corre-
lated with HIWI in HCC tissue. We also observed that
depletion of HIWI could induce significant inhibition of
the proliferation status of HCC cell lines. Furthermore,
expression of HIWI in HCC tissue was positively corre-
lated with tumor size, which was different from Jiang’s
study. This discrepancy may be due to the difference in
sample size between the 2 studies. Nevertheless, our result
indicates that HIWI may participate in HCC cell prolifer-
ation. Further prospective studies with a larger sample size
are needed to confirm this finding.

The prognostic value of HIWI has been validated in
several other malignancies. We also tried to investigate the
prognostic value of HIWI in 168 HCC patients under-
going curative resection. HIWI was confirmed to be an in-
dependent risk factor for OS and RFS. Moreover, we
stratified patients by serum AFP level and Edmondson-
Steiner differentiation grade. AFP is the most widely used
tumor marker in the diagnosis of HCC and monitoring
postoperative recurrence and metastasis in the patients
with positive serum AFP.29 However, no ideal prognostic
biomarker exists for the 30% to 40% of HCC patients
with low or negative serum AFP.30,31 The outcomes of
patients with low serum AFP and well-differentiated
HCC are difficult to predict using conventional clinical
indexes.30,32 Interestingly, HIWI demonstrated a better
association with OS and RFS under these conditions
regardless of low serum AFP and well-differentiated status
existing respectively or simultaneously but not conversely.
A previous study indicating that HIWI was a negative de-
velopmental regulator underlies the unique biologic prop-

erties associated with hematopoietic stem and progenitor
cells.15 HIWI appearing in the immature cell to regulate
its development is normal; however, HIWI will vanish
along with cell differentiation. Thus, HIWI in well-differ-
entiated cells is abnormal.15 In addition, the consistency
of serum AFP and HCC cell differentiation grade was
found in our study. Therefore, we propose that low serum
AFP may be associated with better tumor differentiation
status and speculate that mal-expression of HIWI also
plays an important role in well-differentiated HCC. The
cell subpopulation with overexpression of HIWI will
obtain more naive cell behavior, implying a more malig-
nant phenotype (self-renewal and aggressive capability).
Therefore, HIWI may be an effective prognostic factor
complemented with serum AFP and cell differentiation
grade.

In summary, our data have demonstrated that
HIWI may be a useful prognostic factor for HCC patients
after curative resection, particularly in conditions of low
serum AFP and low Edmondson-Steiner grade. In addi-
tion, HIWI probably plays a crucial role in carcinogenesis,
proliferation, and metastasis of HCC. However, the pre-
cise internal mechanism responsible for HIWI in these
aspects of biologic functions needs further evaluation.
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