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Abstract

Hepatic stellate cells (HSCs), a specialized stromal cytotype in the liver, have been demonstrated to actively
contribute to hepatocellular carcinoma (HCC) development. However, the previous studies were performed using
HSC cell lines, and the prognostic value of intratumoral HSCs (tHSCs) was unclear. Here we isolated tHSCs from
fresh human HCC tissues, and analyzed the abilities of tHSCs to promote HCC progression by using in vitro assays
for cell viability, migration and invasion as well as epithelial-mesenchymal transition (EMT) phenotype. 252 HCC
patients who underwent hepatectomy were enrolled for analysis of tHSCs and E-cadherin expression in tumor
tissues, and 55 HCC patients for analysis of tHSCs in tumor tissues and circulating tumor cells (CTCs) in blood.
Prognostic factors were then identified. The results showed that coculture of tHSCs with HCC cells had a stronger
effect on HCC cell viability, migration and invasion, accompanied with the acquisition of epithelial-mesenchymal
transition (EMT) phenotype. In vivo cotransplantation of HCC cells with tHSCs into nude mice more efficiently
promoted tumor formation and growth. Icaritin, a known apoptosis inducer of HSCs, was demonstrated to effectively
inhibit tHSC proliferation in vitro and tHSC-induced HCC-promoting effects in vivo. Clinical evidence indicated that
tHSCs were rich in 45% of the HCC specimens, tHSC-rich subtypes were negatively correlated either with E-
cadherin expression in tumor tissues (r = -0.256, p < 0.001) or with preoperative CTCs in blood (r = -0.287, p =
0.033), and were significantly correlated with tumor size (p = 0.027), TNM staging (p = 0.018), and vascular invasion
(p = 0.008). Overall and recurrence-free survival rates of tHSC-rich patients were significantly worse than those for
tHSC-poor patients. Multivariate analysis revealed tHSC-rich as an independent factor for overall and recurrence-free
survival. In conclusion, tHSCs provide a promising prognostic biomarker and a new treatment target for HCC.

Citation: Sun B, Zhang X, Cheng X, Zhang Y, Chen L, et al. (2013) Intratumoral Hepatic Stellate Cells as a Poor Prognostic Marker and a New Treatment
Target for Hepatocellular Carcinoma . PLoS ONE 8(11): e80212. doi:10.1371/journal.pone.0080212

Editor: Xin-Yuan Guan, The University of Hong Kong, China

Received August 10, 2013; Accepted September 30, 2013; Published November 20, 2013

Copyright: © 2013 Yin et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This research was supported by the Grant from China National Key Projects for Infectious Disease (No. 2012ZX10002012-010) and National
Nature Science Foundation of China (No. 81172207, 81272669, 81272668). The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Competing interests: The authors have declared that no competing interests exist.

* E-mail: yinzfk@aliyun.com

☯ These authors contributed equally to this work.

Introduction

Tumor microenvironment is also referred to as stroma, and
basically consists of the extracellular matrix (ECM) and stromal
cells [1]. The liver in particular consists of numerous
specialized stromal cell types such as hepatic stellate cells
(HSCs) and Kuffer cells. HSCs comprise up to 30% of the non-
parenchymal cells in the liver [2], and represent a highly
versatile cytotype [3]. It is well known that the majority of
hepatocellular carcinoma (HCC) occur on a background of a
chronic liver injury, and subsequent liver cirrhosis represents
the main risk factor for developing HCC [4,5]. Following liver

injury, quiescent HSCs (qHSCs) get activated and convert into
highly proliferative myofibroblast-like cells, characterized by
vitamin A lipid loss and α-smooth muscle actin (α-SMA) as well
as desmin expressions [6]. Due to the vast remodeling of the
extracellular matrix (ECM) and altered expression of growth
factors, activated HSCs provide the cellular basis for the
establishment of hepatic fibrosis and cirrhosis [7]. Upon HCC
development, HSCs are markedly recruited into the stroma,
activated under the control of tumor cells, and represent the
prevalent cell type of the stromal cells [8-13]. Activated HSCs
in turn act upon tumor cells, stimulating growth, migration, and
invasion of hepatoma cells [14-19]. Coimplantation of HSCs
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and HCC cells into mice promoted tumor development [16,17].
However, all the cited studies were performed using either
HSC cell lines or HSCs from normal livers.

Over the past decade, accumulating evidence has
shown that the epithelial-mesenchymal transition (EMT),
originally described during embryogenesis as a developmental
process, is a pathological process contributing to cancer
progression, particularly to invasion of the surrounding stroma,
intravasation, and dissemination of circulating tumor cells
(CTCs) into the peripheral blood [20]. While epithelial cells
undergo EMT, loss of the epithelial marker E-cadherin and
concomitant expression of distinct mesenchymal markers like
vimentin play a vital role in this reversible transdifferentiation
[20]

In the present study, we isolated intratumoral HSCs (tHSCs)
from human HCC tissues, and found that coculture of tHSCs
with HCC cells had a stronger effect on HCC cell behaviours,
accompanied with the acquisition of
EMT phenotype. Cotransplantation tHSCs into mice more
efficiently promoted tumor formation and progression.
Furthermore, icaritin, a confirmed apoptosis inducer of HSCs
[21], was demonstrated to effectively inhibit tHSC proliferation
in vitro and tHSC-induced HCC-promoting effects in vivo.
Finally, clinical evidenc showed that tHSC-rich tumors were
associated with the loss of E-cadherin expression, and involved
in HCC cell invasion and CTC genaration. HCC patients with a
tHSC-rich tumor were more likely to develop recurrence, and
had a poor prognosis.

Materials and Methods

Ethics Statement
The use of human tissue samples and clinical data was

approved by the Biomedical Ethics Committee of Eastern
Hepatobiliary Surgery Hospital, Second Military Medical
University (Shanghai, China). All patients provided the
informed written consent. The animal welfare guidelines for the
care and use of laboratory animals were followed and the
experimental protocol was approved by the Animal Care
Committee of Second Military Medical University. The mice
were maintained in SPF environment of Experimental Animal
Center and sacrificed by anesthetization.

Patients and specimens
From May 2005 to June 2006, 252 patients with HCC who

underwent curative partial hepatectomy were enrolled. All
diagnoses were confirmed histopathologically. The patient
demographics and clinicopathological factors are summarized
in Table 1. All patients had postoperative follow-up by the same
team of surgeons. A long-term follow-up was conducted as
previously described [22]. The median follow-up was 43.0
months (range, 1.5–71.0 months).

Primary human HSCs isolation, characterization and
culture

Human HSCs were isolated, characterized and maintained in
culture as previously described [23,24] except for fresh human

tissues used. tHSCs were isolated from human HCC tissues,
and qHSCs were isolated from distal normal liver tissue of
hepatic hemangioma. To prepare culture-activated HSCs
(aHSCs), qHSCs were cultured in uncoated plastic dishes in
DMEM supplemented with 10% FBS for a total of 7 days [25].
For the production of HSC conditioned media (CM), HSCs
were seeded into 6-well plates at a density of 5×105 cells/well
and cultured for 24 hours in DMEM supplemented with 10%
FBS. After washed twice with serum-free DMEM, the cells were
further incubated up to 24 hours in serum-free DMEM. The CM
from tHSCs (tHSC-CM), qHSCs (qHSC-CM) and aHSCs
(aHSC-CM) were separately collected.

Hepatoma cell culture and treatment
Human hepatoma cells PLC/PRF/5, Hep3B, and Huh-7

(American Type Tissue Culture Collection) were maintained as
previously described [26]. For analysis of cell viability, adherent
cells were cultured in the presence of tHSC-CM, qHSC-CM,
and aHSC-CM, icaritin, or their combination. The icaritin
solution (Yousi Biotech Inc., Shanghai, CHN) was prepared in
dimethyl sulfoxide (DMSO) as previously described [21].

Cell viability, migration and invasion assays
Cell viability was assessed by using the MTT assay [21].

Confluent cell monolayers in 6-well plates were wounded by
manual scraping with a sterile pipette tip [26]. The imagines
were analyzed by Image J (NIH). Cell invasion assay was
performed on Matrigel-coated transwell chambers (Corning,
NY, USA) as previously described [26] except for the presence
of different dilutions of HSC-CM.

Table 1. Correlations of tHSCs with clinicopathologic
features in 252 HCC patients.

Variables Total (n = 252)
tHSC-poor (n =
139)

tHSC-rich (n
= 113) P

Age (≤ 50/> 50 years) 111/141 66/73 45/68 0.223
Sex (male/female) 179/73 100/39 79/34 0.724
Hepatitis (HBV/HCV/none) 216/17/19 120/8/11 96/9/8 0.770
Serum AFP (≤ 400/> 400
ng/ml)

131/121 78/61 53/60 0.145

Liver cirrhosis (yes/no) 211/41 118/21 93/20 0.579
BCLC stage (0-A/B/C) 187/34/31 109/14/16 78/20/15 0.166
Tumor size (≤ 5.0/> 5.0 cm) 122/130 76/63 46/67 0.027
Tumor number (single/
multiple)

190/62 110/29 80/33 0.126

TNM stage a (I/ II/ III) 81/103/68 52/46/41 29/57/27 0.018
Tumor encapsulation
(yes/no)

118/134 72/67 46/67 0.079

Vascular invasionb (yes/no) 135/117 64/75 71/42 0.008

tHSCs: intratumoral hepatic stellate cells; HCC: hepatocellular carcinoma; AFP,

alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; athe sixth edition
of International Union Against Cancer (UICC) tumor-node-metastasis (TNM)

staging system (2002); bDefined by findings on final pathololgical analysis.
doi: 10.1371/journal.pone.0080212.t001
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Western blot analysis
Cellular proteins were electrophoresed and visualized as

previously described [26] The imagines were analyzed by
Quantity One (Bio-Rad, California, USA).

Immunochemical staining 
Cells were grown to confluency on coverslips in 6-well

dishes. For immunofluorescence, cells were consecutively
incubated with unconjugated primary antibody and appropriate
Cy3-labeled secondary antibodies (Beyotime, Nantong, CHN),
and costained with DAPI (Sigma, MO, USA). For non-
fluorescent immunocytochemical staining, the ABC method and
DAB substrate (Maixin Bio, Fuzhou, CHN) were used as
described below. For immunohistochemistry, the tissue
sections with 4 µm thickness were consecutively incubated with
unconjugated primary antibody and appropriate biotin-
conjugated secondary antibodies (Maixin Bio), and the
immunoreactivity was detected using the ABC kit and DAB
substrate [27]. Immunoreactive score (IRS) proposed by
Remmele and Stegner [28] was applied to immunoreactive
evaluation. The assessment of the staining was conducted by
two investigators independently.

tHSC detection
tHSCs were identified by their intratumoral location, spindle-

shaped morphology, and cytoplasmic expression of α-SMA.
Glisson capsules, fibrous septa, collapsed parenchyma, and
areas of vessels were not included [29]. According to the
classification system described by Kellermann et al [30], the
tHSC density was classified into 4 grades. For statistical
analysis, grades (0) (1,2), were grouped together difined as
tHSC-poor, grade (3) as tHSC-rich.

HCC CTC detection
HCC CTC number was determined by a previously

developed method named asialoglycoprotein receptor-based
magnetic separation [31].

TUNEL assay
TUNEL assay for apoptasis detction was performed

according to the protocol of the one step TUNEL kit (Beyotime,
Nantong, CHN) [32].

Tumor xenograft experiments
Tumors were generated in BALB/c nude mice (Shanghai

Laboratory Animal Center, Chinese Academy of Sciences,
Shanghai, CHN) and calculated as previously described [33].
For icaritin treatmemt, icaritin dissolved in Olive oil was
administered by gastric gavage, with a total volume of 1 ml/kg
body weight per day, three times a week.

Statistical analysis
Data were expressed as median ± standard error or percent,

and comparison between groups was made using the
Student’s test and one-way ANOVA. Survival analysis was
estimated by the Kaplan–Meier survival method. Variables with
a p value of < 0.2 in the univariate analyses were further tested

using multivariate Cox proportional hazards model. SPSS
software (version 12.0 for Windows; SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. A p value < 0.05 was
considered statistically significant.

Results

Characteristics of isolated tHSCs from human HCC
tissues

tHSCs could be isolated in substantial numbers with good
viability (92-96%) and purity (95-98%). When plated on plastic,
tHSCs spread with a spindle-shaped morphology, qHSCs
presented a typical polygonal sharp, gradually showing muscle
fibroblast-like change with prolonged cultured time (Figure
S1A). Unlike qHSCs, almost all the isolated tHSCs were
intensely positive for α-SMA and desmin (Abcam, Cambridge,
UK) (Figure S1C) and loose vitamin A droplets without vitamin
A autofluorescence (Figure S1B).

tHSC-CM more efficiently enhances proliferation,
migration, and invasion of HCC cells in vitro

There was an increase in PLC/PRF/5 cell growth after a 24-
hour incubation at different dilutions of tHSC-CM (*p < 0.05),
and tHSC-CM gave a greater proliferative capacity than did
qHSC-CM and aHSC-CM in a dose- and time-dependent
manner (Figure 1A and 1B, *p < 0.05). tHSC-CM caused a
significant increase in PLC/PRF/5 cell migration than qHSC-
CM and aHSC-CM in wound healing assays (Figure 1C, *p <
0.05). Experiments using transwell chambers also
indicated that tHSC-CM exhibited an increase in invasive cell
number as compared to qHSC-CM and aHSC-CM at the same
concentration (Figure 1D, **p < 0.01). The results were
consistent with Hep3B and Huh-7 HCC cell lines in the different
HSC-CM (data not shown).

tHSC-CM induces EMT-like phenotype in HCC cells
Most cells on tHSC-CM stimulation for 48 hours underwent a

dramatic change to a spindle-shaped, elongated morphology
(Figure 2A), accompanied by decreased expression of E-
cadherin (Abcam) and increased expression of vimentin
(Abcam), either by immunoflurescence staining or by Western
blot analysis (Figure 2B, 2C and 2D). Compared to qHSC-CM
and aHSC-CM, tHSC-CM resulted in a much decreased
expression of E-cadherin (Figure 2B, 2C and 2D). Parallel
experiments with Hep3B and Huh-7 cells revealed changes
similar to those in PLC/PRF/5 (Figure S2).

Cotransplantation with tHSCs promotes HCC formation
and growth in vivo

Within 7 days, visible xenografts were formed in 3 mice (5
mice/group) implanted with HCC cells plus tHSCs (5×105 cells/
mouse, respectively), and in 2 mice (5 mice/group) implanted
with HCC cells plus aHSCs, but no xenograft tumor was
generated in all the mice implanted with HCC cells alone (p <
0.05). When both the cells were increased to 5×106 cells/
mouse, all the mice implanted with either HCC cells alone or in
combination with tHSCs developed tumors at 7 days, and the
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Figure 1.  tHSC-CM promoted proliferation, migration and invasion of PLC/PRF/5 cells.  (A and B) tHSC-CM significantly
promoted HCC cell growth with time- and concentration-dependent manner. (C) Representative images of wound migration assays
(left panel). Results are expressed as the percentage of the wounded area (right panel). (D) Representative images of invasion
assays performed by transwell chamber (left panel). Results are expressed as the number of cells per field (right panel). *p < 0.05;
**p < 0.01.
doi: 10.1371/journal.pone.0080212.g001
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Figure 2.  tHSC-CM induces EMT-like phenotype in HCC
cells.  (A) The morphology changes in PLC/PRF/5 cells
(magnification, ×200). (B) Western blot analysis of E-cadherin
and vimentin expressions in PLC/PRF/5 cells (left panel).
Results are expressed as the fold value of protein levels
compared with GAPDH (right panel). *p < 0.05. (C and D)
Representative images of E-cadherin and vimentin expressions
in PLC/PRF/5 cells by immunoflurescence staining
(magnification, ×400).
doi: 10.1371/journal.pone.0080212.g002

tumor volume between two groups didn’t displayed significantly
difference (p > 0.05). However, on day 15 postinjection, the
tumor volume from HCC cells plus tHSCs was much greater
than that from HCC cells alone (Figure 3A, P < 0.05).
Accordingly, the tumor weights from HCC cells plus tHSCs at
time of killing were about 195% of the controls (Figure 3A and
3B). In xenografts, co-implantation of tHSCs led to increased
tHSCs and decreased E-cadherin expression, accompanied
with increased Ki-67 expression (Abcam) and higher
microvessel density (CD34 antibody, Abcam) (Figure 3C).

Icaritin effectively inhibits tHSC proliferation in vitro
and tHSC-induced HCC-promoting effects in vivo

Similar to the result from parallel experiments with activated
HSC cell lines LX2 and HSC-T6 (rat) [21], icaritin also inhibited
the proliferation of tHSCs with a dose-dependent manner within
a concentration range of 5 μM to 20 μM, and the mean
IC50 value was 18.09 μM at 48 hours. But, surprisingly, a
concentration as high as 68.60 μM had limited effect on viability
of HCC cell lines (Figure S4).

According to the good growth inhibition activity and minimal
toxicity [21], the 1 mg/kg daily dose of icaritin was subsequently
used for the in vivo experiments. Treatment started on day 7
after cell implantation, when the HCC xenografts reached
approximately 100 mm3. As shown in Figure 3A, on day 8
postreatment, the tumor volume from HCC cells plus tHSCs
was much smaller compared to controls without treatment (p <
0.05), while that from HCC cells alone showed little change (p
> 0.05). Accordingly, the tumor weight from HCC cells plus
tHSCs at the end of treatment was approximately 25% of the
controls without treatment, whereas that from HCC cells alone
didn’t significantly reduced (p > 0.05). Icaritin treatment led to
decreased tHSC density, blood microvessel density and Ki-67
expression, and increased E-cadherin expression and
apoptotic rate in xenografts (Figure 3C, 3D).

tHSCs are associated with changes of E-cadherin
expression in human HCC specimens

qHSCs with desmin positive and α-SMA negative were
mostly found in normal liver tissues, and aHSCs with both
positive mostly in HCC tissues (Figure 4A). Examples with α-
SMA and E-cadherin immunostaining in a human HCC tissue
sample are shown in Figure 4B, 4C. A total of 252 clinical
specimens were examined. tHSCs were rich in 45% (113/252)
of the HCC specimens, and poor in 55% (139/252). The
positive expression rate of E-cadherin expression was 46%
(116/252) in HCC tissues, and 75% (189/252) in the
surrounding tissues (p < 0.01). Their correlations are detailed in
Table S1, and tHSCs were negatively correlated with E-
cadherin expression (r = -0.256, p < 0.001).

tHSC-induced EMT is involved in HCC cell invasion and
dissemination

In the above experiment, we especially observed that a few
tumor cells in the tHSC-rich HCC tissues appeared to invade
from cancer cell nests into adjacent tumor stroma. Hep Par 1 is
a hepatocyte-specific antibody, usually used to recognize only
liver-derived cells [34]. Further immunofluorescence staining on
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Figure 3.  tHSCs promote HCC growth, and icaritin effectively inhibits tHSC-induced HCC-promoting effects in vivo.  (A)
The tumor volumes were monitored every 4 days up to 23 days after cell implantation. (B) The tumor weights at the end of
experiments (*p < 0.05). (C) Representative immunohistochemical staining of α-SMA, E-cadherin, Ki-67, and CD34 expressions in
different xenografts. (D) Representative images of TUNEL assay in different xenografts (magnification, ×200). PLC: PLC/PRF/5.
doi: 10.1371/journal.pone.0080212.g003
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Figure 4.  tHSCs are associated with E-cadherin expression, HCC cell invasion in human HCC specimens, and poor
survival outcome.  (A) Representative immunostaining of HSCs in normal liver tissues and HCC tissues with α-SMA and desmin
antibodies. (B) Representative samples of the tHSC density determined by α-SMA immunostaining (magnification, ×200). Typical
grades 0, 1, 2, and 3 are shown in a, b, c, and d, respectively. (C) Representative pictures of α-SMA and E-cadherin expressions in
human HCC tissues detected by immunostaining (magnification, ×400). tHSC-rich is accompanied by deccreased E-cadherin
expression in case 1 (upper panel), and tHSC-poor is accompanied by increase E-cadherin expression in case 2 (lower panel). (D)
Immunofluorescence staining separately with Hep Par 1 and E-cadherin antibody on serial sections of one HCC sample
(magnification, ×400). The white arrows indicated the tumor cells with both Hep Par 1-positive and E-cadherin-negative staining that
have infiltrated from their nests into the surrounding stroma. (E) The impact of tHSCs on the survival of HCC patients. (a) tHSC-
associated overall survival rate. (b) tHSC-associated recurrence-free survival rate.
doi: 10.1371/journal.pone.0080212.g004
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serial sections of HCC tissues showed that tumor cells
infiltrated into the surrounding stroma were both Hep Par 1-
positive and E-cadherin-negative staining (Figure 4D),
indicating these cells being HCC cells and undergoing EMT.
The correlation of tHSCs with CTCs was then analyzed in 55
HCC patients. Among them 24 were tHSC-rich in the HCC
specimens, and 43 were positive for CTCs in the blood. The
positive rate of CTCs was 92% (22/24) in tHSC-rich subtypes,
and 32% (10/31) in tHSC-poor subtypes (p < 0.01). tHSC-rich
subtypes were significantly associated with preoperative CTCs
(r = -0.287, p = 0.033).

Correlations of tHSCs in HCC with clinicopathological
factors

The clinicopathological variables between different HCC
subtypes with tHSC-poor or tHSC-rich were compared in Table
1. The tHSC-rich subtypes were significantly correlated with
tumor size (p = 0.027), TNM staging (p = 0.018), and vascular
invasion (p = 0.008).

HCC subtypes with tHSC-rich have a poor prognosis
As shown in Figure 4E, HCC with tHSC-rich was associated

with a significantly lower overall survival rate (log rank =
10.481, p = 0.001, Figure 4Ea) and recurrence-free survival
(log rank = 5.453, p = 0.020, Figure 4Eb) than was HCC with
tHSC-poor. Based on the univariate analysis, seven variables
were selected to be further tested for multivariate analysis
(Table 2). The results indicated that tHSC-rich was one of the
independent favorable factors for overall and recurrence-free
survival, as were BCLC stage, advanced TNM stage, and
vascular invasion (Table 2).

Discussion

Several previous experiments using HSC cell lines or HSCs
isolated from normal livers have shown that aHSCs can
actively contribute to the progression of liver carcinogenesis
[35]. In the present study, we isolated tHSCs from HCC
tissues, and demonstrated most of them in an activated state,
providing evidence that HCC cells are able to activate tHSCs to
create a supportive microenvironment. Compared with qHSC-
CM and aHSC-CM, coculture of tHSCs had a stronger effect on
HCC cell behaviours (Figure 1). As expected, tHSCs could also
induce an EMT-like phenotype in HCC cells (Figure 2) and
angiogenesis (Figure S3). Consistent with the in vitro results,
cotransplantation of tHSCs into mice more efficiently promoted
tumor formation and growth. To our knowledge, this is the first
time to examine the involvement of primary tHSCs in tumor
progression.

Stromal cells in the tumor are probably not completely
identical to those in the normal tissues [36]. A recent study
indicated that HCC-activated HSCs and aHSCs display a
significantly different gene expression pattern, suggesting a
more important role of HCC-activated HSCs in HCC
progression [37]. HSCs are an important source of a broad
spectrum of soluble factors within the liver [38,39]. Among
them stand out transforming growth factor-α and -β (TGF-α,
TGF-β), hepatocyte growth factor (HGF), Platelet derived

growth factor (PDGF), and vascular endothelial growth factor
(VEGF) [38,39]. These factors have proven to be essential for
fostering an environment conducive to tumor cell growth,
migration, and invasion, and also among the most potent EMT
inducer of tumor cells and angiogenesis stimulator [40]. To
explain why tHSCs had a stronger effect on HCC progression,
we quantitatively determined some of these factors in tHSC-
CM, qHSC-CM and aHSC-CM, and found that tHSCs produced
higher levels of TGF-β, HGF, PDGF and VEGF than did qHSC
and aHSC cells (Figure S5), further suggesting tHSCs as key

Table 2. Univriate and multivariate analyses of the factors
associated with survival and recurrence in 252 HCC
patients.

 OS RFS

 UniveriateMultivariate UniveriateMultivariate

Factors P HR (95% CI) P P HR (95% CI) P
Age (≤ 50 vs.
> 50 years)

0.337  NA 0.246  NA

Sex (male vs.
female)

0.706  NA 0.912  NA

Hepatitis
history (yes
vs. no)

0.511  NA 0.453  NA

Serum AFP
(≤ 400 vs. >
400 ng/ml)

0.042  NA 0.364  NA

Liver cirrhosis
(yes vs. no)

0.458  NA 0.785  NA

BCLC stage
(0-A vs. B-C)

< 0.001
3.439
(1.521-7.264)

<
0.001

< 0.001
2.531
(1.352-6.813)

<
0.001

Tumor size (≤
5.0 vs. > 5.0
cm)

0.005  NS 0.027  NA

Tumor
number
(single vs.
multiple)

0.033  NS 0.073  NS

TNM stage (I
vs. II-III)

< 0.001
2.643
(1.262-6.735)

<
0.001

< 0.001
2.314
(1.107-6.074)

0.001

Tumor
encapsulation
(yes vs. no)

0.007  NA 0.029  NA

Vascular
invasion (yes
vs. no)

< 0.001
2.017
(1.013-5.247)

0.004 < 0.001
2.235
(1.022-4.316)

0.007

tHSCs (poor
vs. rich)

< 0.001
1.885
(1.182-3.421)

0.013 0.020
2.033
(1.325-5.649)

0.042

Univeriate analysis: Kaplan-Meier method; multivariate analysis: Cox proportional
hazards regression model.
Abbreviations: HCC: hepatocellular carcinoma; OS: overall survival; 95%CI: 95%
confidence interval; RFS: recurrence-free survival; HR: hazard ratio; AFP: alpha-
fetoprotein; NA: not adopted; NS: not significant.
doi: 10.1371/journal.pone.0080212.t002
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regulators of the paracrine signaling between stromal and HCC
cells.

Similarly to what was observed with HCC cells in vitro, tHSC-
rich pattern was strongly and inversely associated with E-
cadherin expression in HCC tissues. Recent data suggest that
during EMT, tumor cells seem to acquire more aggressive
traits, and have an increased ability to invade into the
surrounding tissue and migrate into the bloodstream [41]. In
fact, we not only observed a few tumor cells in the tHSC-rich
HCC tissues into adjacent tumor stroma (Figure 4C), but also
found a significant association of tHSC-rich subtypes with
preoperative CTCs, which are now considered to be an active
source of HCC metastasis or recurrence [42]. These results
suggest that tHSCs could promote HCC cell invasion and
dissemination to the peripheral blood through EMT induction.

A study conducted by Ju et al [43]. evaluated the prognostic
potential of peritumoral activated HSCs in HCC patients, and
found that peritumoral activated HSCs also contributed to high
recurrence or death rates. However, little data have
been published before on the association between tHSC
density and HCC patient prognosis. Our results revealed that
tHSC-rich was significantly associated with tumor size, TNM
staging, and vascular invasion, indicating a critical role of
tHSC-rich in the promotion of poor prognosis. Indeed, HCC
subtypes with a tHSC-rich tumor had significantly shorter
overall survival and recurrence-free survival than did HCC
subtypes with a tHSC-poor tumor. Furthermore, multivariate
analysis identified four prognostic factors influencing survival,
among them tHSC-rich was an independent favorable factor for
overall and recurrence-free survival. These results imply that
HCC patients with a tHSC-rich tumor should receive close
follow-up and novel interventional measures.

Because HCC is not very sensitive to chemotherapy, efforts
to develop new drugs are shifting from systemic chemotherapy
to therapeutic targeting of tumor-stromal interaction [44]. Our
present study not only lighted the need for HSC-specific
therapeutic strategies for HCC, but also provides icaritin as a
potential new drug without overt toxicity for targeting tumor
stroma. We have previously demonstrated that icaritin, an
active monomer refined from the Chinese herb Herba Epimedii
Sagittatum, can induce apoptosis in activated HSCs, and
thereby ameliorate the development of liver fibrosis in rats [21].
In the current study, icaritin directly and specifically targets
tHSCs, thereby abrogating all the cancer-promoting signaling
pathways provided by the tHSCs. Obviously, this novel
targeted therapy has its advantages over the strategies for
targeting one molecular component produced by tHSCs, and
appears to be promising and feasible.

In conclusion, our study demonstrates a stronger effect of
tHSCs on HCC aggressiveness in vitro and in vivo, describes
an important role for tHSCs in the promotion of HCC cell EMT
and dissemination, and establishes a close correlation between
tHSC-rich HCC subtypes and a poor prognosis. Effective
inhibition of tHSC proliferation in vitro and tHSC-induced HCC-
promoting effects in vivo by icaritin was also demonstrated.
These results elaborate on tHSCs as key regulators of the
paracrine signaling between stromal and HCC cells, and
provide essential information for a promising prognostic

biomarker and a new treatment target for future HCC
management.

Supporting Information

Figure S1.  Characterization of primary tHSCs. (A) Images
were taken on day 0, day 3, day 7, day 10 and day 14 of
culture. (B) Vitamin A autofluoresence (upper panel) and light
micrographs (lower panel) of primary tHSCs and qHSCs. (C)
Cells were costained with a-SMA, desmin antibodies and DAPI.
(TIF)

Figure S2.  tHSC-CM induces EMT-like phenotype in
Hep3B and Huh-7 cells. The morphology changes were
observed in Hep3B (A) and Huh-7 (B) cells under invert
microscope (magnification, ×200). Representative images of E-
cadherin and vimentin expressions in Hep3B (C) and Huh-7 (D)
cells on HSC-CM stimulation by immunoflurescence staining.
Nuclei were counterstained with DAPI (magnification, ×400).
Western blot analysis of E-cadherin and vimentin expressions
in Hep3B (E) and Huh-7 (F) cells that were treated with HSC-
CMs (left panel). Results are expressed as the fold value of
protein levels compared with GAPDH (right panel). Data are
expressed as the means ± SD (*p < 0.05).
(TIF)

Figure S3.  tHSC-CM induces angiogenesis in vitro. Human
umbilical vein endothelial cells HUVECs (3×104 cells per well)
were seeded onto 48-well plates previously coated with
matrigel matrix (100 μL/cm2) using serum-free DMEM.
Endothelial tube formation was monitored after 6 hours in the
presence of tHSC-CM, qHSC-CM and aHSC-CM
(magnification, ×200). DMEM with 10% FBS and 3 ng/ml basic
fibroblast growth factor were used as a positive control, and
nonsupplemented DMEM was used as a negative control.
Triplicate experiments were carried out. a: negative control; b:
positive control; c: tHSC-CM; d: qHSC-CM; e: aHSC-CM.
(TIF)

Figure S4.  Impacts of icaritin on the viabilities of
PLC/PRF/5, tHSCs, qHSCs, aHSCs, HSC-T6 and LX2 cells
by MTT assay. n.s: not significant; *p < 0.05; **p < 0.01
compared to other experimental groups.
(TIF)

Figure S5.  Cytokine concentrations (pg/ml) in different
HSC-CMs by ELISA assays. *p < 0.05 compared to other
experimental groups.
(TIF)

Table S1.  Correlation of tHSCs with E-cadherin expression
in 252 HCC tissues.
(DOC)

tHSC as a Poor Prognostic Marker and Target on HCC

PLOS ONE | www.plosone.org 9 November 2013 | Volume 8 | Issue 11 | e80212



Acknowledgements

The authors thank Changqing Su and Yanming Zhou for
discussions and comments on the manuscript.

Author Contributions

Conceived and designed the experiments: ZFY LHS MCW.
Performed the experiments: BS XFZ LC. Analyzed the data:
XSC YZ ZYL HHQ. Contributed reagents/materials/analysis
tools: ZFY. Wrote the manuscript: ZFY BS.

References

1. Cirri P, Chiarugi P (2012) Cancer-associated-fibroblasts and tumor
cells: a diabolic liaison driving cancer progression. Cancer Metastasis
Rev 31: 195-208. doi:10.1007/s10555-011-9340-x. PubMed: 22101652.

2. Suh YG, Jeong WI (2011) Hepatic stellate cells and innate
immunity in alcoholic liver disease. World J Gastroenterol 17:
2543-2551. doi:10.3748/wjg.v17.i20.2543. PubMed: 21633659. 

3. Atzori L, Poli G, Perra A (2009) Hepatic stellate cell: a star cell in the
liver. Int J Biochem Cell Biol 41: 1639-1642. doi:10.1016/j.biocel.
2009.03.001. PubMed: 19433304.

4. Shariff MI, Cox IJ, Gomaa AI, Khan SA, Gedroyc W et al. (2009)
Hepatocellular carcinoma: current trends in worldwide epidemiology,
risk factors, diagnosis and therapeutics. Expert. Rev Gastroenterol
Hepatol 3: 353-367. doi:10.1586/egh.09.35.

5. Liao J, Zhang R, Qian H, Cao L, Zhang Y et al. (2012) Serum profiling
based on fucosylated glycoproteins for differentiating between chronic
hepatitis B and hepatocellular carcinoma. Biochem Biophys Res
Commun 420: 308-314. doi:10.1016/j.bbrc.2012.02.155. PubMed:
22425980.

6. Rubbia-Brandt L, Mentha G, Desmoulière A, Alto Costa AM, Giostra E
et al. (1997) Hepatic stellate cells reversibly express alpha-smooth
muscle actin during acute hepaticischemia. Transplant Proc 29:
2390-2395. doi:10.1016/S0041-1345(97)00415-6. PubMed: 9270776.

7. Hernandez-Gea V, Friedman SL (2011) Pathogenesis of liver fibrosis.
Annu Rev Pathol 6: 425-456. doi:10.1146/annurev-
pathol-011110-130246. PubMed: 21073339.

8. Enzan H, Himeno H, Iwamura S, Onishi S, Saibara T et al. (1994)
Alpha-smooth muscle actin-positive perisinusoidal stromal cells in
human hepatocellular carcinoma. Hepatology 19: 895-903. doi:
10.1002/hep.1840190415. PubMed: 8138263.

9. Terada T, Makimoto K, Terayama N, Suzuki Y, Nakanuma Y (1996)
Alpha-smooth muscle actin-positive stromal cells in
cholangiocarcinomas, hepatocellular carcinomas and metastatic liver
carcinomas. J Hepatol 24: 706-712. doi:10.1016/
S0168-8278(96)80267-4. PubMed: 8835746.

10. Hautekeete ML, Geerts A (1997) The hepatic stellate(Ito) cell: its role in
human liver disease. Virchows Arch 430: 195-207. doi:10.1007/
BF01324802.

11. Faouzi S, Lepreux S, Bedin C, Dubuisson L, Balabaud C et al. (1999)
Activation of cultured rat hepatic stellate cells by tumoral hepatocytes.
Lab Invest 79: 485-493. PubMed: 10212001.

12. Johnson SJ, Burr AW, Toole K, Dack CL, Mathew J et al. (1998)
Macrophage and hepatic stellate cell responses during experimental
hepatocarcinogenesis. J Gastroenterol Hepatol 13: 145-151. doi:
10.1111/j.1440-1746.1998.tb00629.x. PubMed: 10221815.

13. Théret N, Musso O, Turlin B et al. (2001) Increased extracellular matrix
remodeling is associated with tumor progresssion in human
hepatocellular carcinoma. Hepatology 34: 82-88. doi:10.1016/
S0168-8278(01)81163-6. PubMed: 11431737.

14. Neaud V, Faouzi S, Guirouilh J, Le Bail B, Balabaud C et al. (1997)
Human hepatic myofibroblasts increase invasiveness of hepatocellular
carcinoma cells: evidence for a role of hepatocyte growth factor.
Hepatology 26: 1458-1466. doi:10.1002/hep.510260612. PubMed:
9397985.

15. Mikula M, Proell V, Fischer AN, Mikulits W (2006) Activated hepatic
stellate cells induce tumor progression of neoplastichepatocytes in a
TGF-beta dependent fashion. J Cell Physiol 209: 560-567. doi:10.1002/
jcp.20772. PubMed: 16883581.

16. Amann T, Bataille F, Spruss T, Mühlbauer M, Gäbele E et al. (2009)
Activated hepatic stellate cells promote tumorigenicity of hepatocellular
carcinoma. Cancer Sci 100: 646-653. doi:10.1111/j.
1349-7006.2009.01087.x. PubMed: 19175606.

17. Zhao W, Zhang L, Yin Z, Su W, Ren G et al. (2011) Activated hepatic
stellate cells promote hepatocellular carcinoma development in
immunocompetent mice. Int J Cancer 129: 2651-2661. doi:10.1002/ijc.
25920. PubMed: 21213212.

18. Santamato A, Fransvea E, Dituri F, Caligiuri A, Quaranta M et al.
(2011) Hepatic stellate cells stimulate HCC cell migration via laminin-5

production. Clin Sci (Lond) 121: 159-168. doi:10.1042/CS20110002.
PubMed: 21413933.

19. Coulouarn C, Corlu A, Glaise D, Guénon I, Thorgeirsson SS et al.
(2012) Hepatocyte-stellate cell cross-talk in the liver engenders a
permissive inflammatory microenvironment that drives progression in
hepatocellular carcinoma. Cancer Res 72: 2533-2542. doi:
10.1158/1538-7445.AM2012-2533. PubMed: 22419664.

20. Thiery JP, Acloque H, Huang RY, Nieto MA (2009) Epithelial-
mesenchymal transitions in development and disease. Cell 139:
871-890. doi:10.1016/j.cell.2009.11.007. PubMed: 19945376.

21. Li J, Liu P, Zhang R, Cao L, Qian H et al. (2011) Icaritin induces cell
death in activated hepatic stellate cells through mitochondrial activated
apoptosis and ameliorates the development of liver fibrosis in rats. J
Ethnopharmacol 137: 714-723. doi:10.1016/j.jep.2011.06.030.
PubMed: 21726622.

22. Zhang XF, Lai EC, Kang XY, Qian HH, Zhou YM et al. (2011) Lens
culinaris agglutinin-reactive fraction of alpha-fetoprotein as a marker of
prognosis and a monitor of recurrence of hepatocellular carcinoma after
curative liver resection. Ann Surg Oncol 18: 2218-2223. doi:10.1245/
s10434-011-1613-7. PubMed: 21336512.

23. Friedman SL, Rockey DC, McGuire RF, Maher JJ, Boyles JK et al.
(1992) Isolated hepatic lipocytes and Kupffer cells from normal human
liver: morphological and functional characteristics in primary culture.
Hepatology 15: 234-243. doi:10.1002/hep.1840150211. PubMed:
1735526.

24. Xu L, Hui AY, Albanis E, Arthur MJ, O’Byrne SM et al. (2005) Human
hepatic stellate cell lines, LX-1 and LX-2: new tools for analysis of
hepatic fibrosis. Gut 54: 142-151. doi:10.1136/gut.2004.042127.
PubMed: 15591520.

25. Jiang F, Parsons CJ, Stefanovic B (2006) Gene expression profile of
quiescent and activated rat hepatic stellate cells implicates Wnt
signalling pathway in activation. J Hepatol 45: 401-409. doi:10.1016/
j.jhep.2006.03.016. PubMed: 16780995.

26. Zhou YM, Cao L, Li B, Zhang RX, Sui CJ et al. (2012)
Clinicopathological significance of ZEB1 protein in patients with
hepatocellular carcinoma. Ann Surg Oncol 19: 1700-1706. doi:10.1245/
s10434-011-1772-6. PubMed: 21584833.

27. Zhou YM, Zhang XF, Cao L, Li B, Sui CJ et al. (2012) MCM7
expression predicts post-operative prognosis for hepatocellular
carcinoma. Liver Int 32: 1505-1509. doi:10.1111/j.
1478-3231.2012.02846.x. PubMed: 22784096.

28. Remmele W, Stegner HE (1987) Recommendation for uniform
definition of an immunoreactive score(IRS) for immunohistochemical
estrogen receptor detection(ER-ICA) in breast cancer tissue. Pathologe
8: 138-140. PubMed: 3303008.

29. Cassiman D, Libbrecht L, Desmet V, Denef C, Roskams T (2002)
Hepatic stellate cell/myofibroblast subpopulations in fibrotic human and
rat livers. J Hepatol 36: 200-209. doi:10.1016/S0168-8278(02)80712-7.
PubMed: 11830331.

30. Kellermann MG, Sobral LM, da Silva SD, Zecchin KG, Graner E et al.
(2008) Mutual paracrine effects of oral squamous cell carcinoma cells
and normal oral fibroblasts: induction of fibroblast to myofibroblast
transdifferentiation and modulation of tumor cell proliferation. Oral
Oncol 44: 509-517. doi:10.1016/j.oraloncology.2007.07.001. PubMed:
17826300.

31. Xu W, Cao L, Chen L, Li J, Zhang XF et al. (2011) Isolation of
circulating tumor cells in patients with hepatocellular carcinoma using a
novel cell separation strategy. Clin Cancer Res 17: 3783-3793. doi:
10.1158/1078-0432.CCR-10-0498. PubMed: 21527564.

32. Li Y, Li Q, Wang Z, Liang D, Liang S et al. (2009) 15-HETE suppresses
K(+) channel activity and inhibits apoptosis in pulmonary artery smooth
muscle cells. Apoptosis 14: 42-51. doi:10.1007/s10495-008-0286-6.
PubMed: 19082729.

33. Cao L, Zhou Y, Zhai B, Liao J, Xu W et al. (2011) Sphere-forming cell
subpopulations with cancer stem cell properties in human hepatoma
cell lines. BMC Gastroenterol 11: 71. doi:10.1186/1471-230X-11-71.
PubMed: 21669008.

tHSC as a Poor Prognostic Marker and Target on HCC

PLOS ONE | www.plosone.org 10 November 2013 | Volume 8 | Issue 11 | e80212

http://dx.doi.org/10.1007/s10555-011-9340-x
http://www.ncbi.nlm.nih.gov/pubmed/22101652
http://dx.doi.org/10.3748/wjg.v17.i20.2543
http://www.ncbi.nlm.nih.gov/pubmed/21633659
http://dx.doi.org/10.1016/j.biocel.2009.03.001
http://dx.doi.org/10.1016/j.biocel.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19433304
http://dx.doi.org/10.1586/egh.09.35
http://dx.doi.org/10.1016/j.bbrc.2012.02.155
http://www.ncbi.nlm.nih.gov/pubmed/22425980
http://dx.doi.org/10.1016/S0041-1345(97)00415-6
http://www.ncbi.nlm.nih.gov/pubmed/9270776
http://dx.doi.org/10.1146/annurev-pathol-011110-130246
http://dx.doi.org/10.1146/annurev-pathol-011110-130246
http://www.ncbi.nlm.nih.gov/pubmed/21073339
http://dx.doi.org/10.1002/hep.1840190415
http://www.ncbi.nlm.nih.gov/pubmed/8138263
http://dx.doi.org/10.1016/S0168-8278(96)80267-4
http://dx.doi.org/10.1016/S0168-8278(96)80267-4
http://www.ncbi.nlm.nih.gov/pubmed/8835746
http://dx.doi.org/10.1007/BF01324802
http://dx.doi.org/10.1007/BF01324802
http://www.ncbi.nlm.nih.gov/pubmed/10212001
http://dx.doi.org/10.1111/j.1440-1746.1998.tb00629.x
http://www.ncbi.nlm.nih.gov/pubmed/10221815
http://dx.doi.org/10.1016/S0168-8278(01)81163-6
http://dx.doi.org/10.1016/S0168-8278(01)81163-6
http://www.ncbi.nlm.nih.gov/pubmed/11431737
http://dx.doi.org/10.1002/hep.510260612
http://www.ncbi.nlm.nih.gov/pubmed/9397985
http://dx.doi.org/10.1002/jcp.20772
http://dx.doi.org/10.1002/jcp.20772
http://www.ncbi.nlm.nih.gov/pubmed/16883581
http://dx.doi.org/10.1111/j.1349-7006.2009.01087.x
http://dx.doi.org/10.1111/j.1349-7006.2009.01087.x
http://www.ncbi.nlm.nih.gov/pubmed/19175606
http://dx.doi.org/10.1002/ijc.25920
http://dx.doi.org/10.1002/ijc.25920
http://www.ncbi.nlm.nih.gov/pubmed/21213212
http://dx.doi.org/10.1042/CS20110002
http://www.ncbi.nlm.nih.gov/pubmed/21413933
http://dx.doi.org/10.1158/1538-7445.AM2012-2533
http://www.ncbi.nlm.nih.gov/pubmed/22419664
http://dx.doi.org/10.1016/j.cell.2009.11.007
http://www.ncbi.nlm.nih.gov/pubmed/19945376
http://dx.doi.org/10.1016/j.jep.2011.06.030
http://www.ncbi.nlm.nih.gov/pubmed/21726622
http://dx.doi.org/10.1245/s10434-011-1613-7
http://dx.doi.org/10.1245/s10434-011-1613-7
http://www.ncbi.nlm.nih.gov/pubmed/21336512
http://dx.doi.org/10.1002/hep.1840150211
http://www.ncbi.nlm.nih.gov/pubmed/1735526
http://dx.doi.org/10.1136/gut.2004.042127
http://www.ncbi.nlm.nih.gov/pubmed/15591520
http://dx.doi.org/10.1016/j.jhep.2006.03.016
http://dx.doi.org/10.1016/j.jhep.2006.03.016
http://www.ncbi.nlm.nih.gov/pubmed/16780995
http://dx.doi.org/10.1245/s10434-011-1772-6
http://dx.doi.org/10.1245/s10434-011-1772-6
http://www.ncbi.nlm.nih.gov/pubmed/21584833
http://dx.doi.org/10.1111/j.1478-3231.2012.02846.x
http://dx.doi.org/10.1111/j.1478-3231.2012.02846.x
http://www.ncbi.nlm.nih.gov/pubmed/22784096
http://www.ncbi.nlm.nih.gov/pubmed/3303008
http://dx.doi.org/10.1016/S0168-8278(02)80712-7
http://www.ncbi.nlm.nih.gov/pubmed/11830331
http://dx.doi.org/10.1016/j.oraloncology.2007.07.001
http://www.ncbi.nlm.nih.gov/pubmed/17826300
http://dx.doi.org/10.1158/1078-0432.CCR-10-0498
http://www.ncbi.nlm.nih.gov/pubmed/21527564
http://dx.doi.org/10.1007/s10495-008-0286-6
http://www.ncbi.nlm.nih.gov/pubmed/19082729
http://dx.doi.org/10.1186/1471-230X-11-71
http://www.ncbi.nlm.nih.gov/pubmed/21669008


34. Lugli A, Tornillo L, Mirlacher M, Bundi M, Sauter G et al. (2004)
Hepatocyte paraffin 1 expression in human normal and neoplastic
tissues: tissue microarray analysis on 3,940 tissue samples. Am J Clin
Pathol 122: 721-727. doi:10.1309/KC09YTF2M4DLUYQ6. PubMed:
15491968.

35. Kang N, Gores GJ, Shah VH (2011) Hepatic stellate cells: partners in
crime for liver metastases? Hepatology 54: 707-713. doi:10.1002/hep.
24384. PubMed: 21520207.

36. Gonda TA, Varro A, Wang TC, Tycko B (2010) Molecular biology of
cancer-associated fibroblasts: can these cells be targeted in anti-
cancer therapy? Semin Cell Dev Biol 21: 2-10. doi:10.1016/j.semcdb.
2009.10.001. PubMed: 19840860.

37. Xia Y, Chen R, Song Z, Ye S, Sun R et al. (2010) Gene expression
profiles during activation of cultured rat hepatic stellate cells by tumoral
hepatocytes and fetal bovine serum. J Cancer Res Clin Oncol 136:
309-321. doi:10.1007/s00432-009-0666-5. PubMed: 19727817.

38. Pinzani M, Marra F (2011) Cytokine receptors and sigaling in hepatic
stellate cells. Semin Liver Dis 21: 397-416.

39. Friedman SL (2008) Hepatic stellate cells: protean, multifunctional, and
enigmatic cells of the liver. Physiol Rev 88: 125-172. doi:10.1152/
physrev.00013.2007. PubMed: 18195085.

40. Leonardi GC, Candido S, Cervello M, Nicolosi D, Raiti F et al. (2012)
The tumor microenvironment in hepatocellular carcinoma. Int J Oncol
40: 1733-1747. PubMed: 22447316.

41. Bonnomet A, Brysse A, Tachsidis A, Waltham M, Thompson EW et al.
(2010) Epithelial-to-mesenchymal transitions and circulating tumor
cells. J Mammary Gland Biol Neoplasia 15: 261-273. doi:10.1007/
s10911-010-9174-0. PubMed: 20449641.

42. Zhang Y, Li J, Cao L, Xu W, Yin Z (2012) Circulating tumor cells in
hepatocellular carcinoma: detection techniques, clinical implications,
and future perspectives. Semin Oncol 39: 449-460. doi:10.1053/
j.seminoncol.2012.05.012. PubMed: 22846862.

43. Ju MJ, Qiu SJ, Fan J, Xiao YS, Gao Q et al. (2009) Peritumoral
activated hepatic stellate cells predict poor clinical outcome
inhepatocellular carcinoma after curative resection. Am J Clin Pathol
131: 498-510. doi:10.1309/AJCP86PPBNGOHNNL. PubMed:
19289585.

44. Yang JD, Nakamura I, Roberts LR (2011) The tumor microenvironment
in hepatocellular carcinoma: current status and therapeutic targets.
Semin Cancer Biol 21: 35-43. doi:10.1016/j.semcancer.2010.10.007.
PubMed: 20946957.

tHSC as a Poor Prognostic Marker and Target on HCC

PLOS ONE | www.plosone.org 11 November 2013 | Volume 8 | Issue 11 | e80212

http://dx.doi.org/10.1309/KC09YTF2M4DLUYQ6
http://www.ncbi.nlm.nih.gov/pubmed/15491968
http://dx.doi.org/10.1002/hep.24384
http://dx.doi.org/10.1002/hep.24384
http://www.ncbi.nlm.nih.gov/pubmed/21520207
http://dx.doi.org/10.1016/j.semcdb.2009.10.001
http://dx.doi.org/10.1016/j.semcdb.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/19840860
http://dx.doi.org/10.1007/s00432-009-0666-5
http://www.ncbi.nlm.nih.gov/pubmed/19727817
http://dx.doi.org/10.1152/physrev.00013.2007
http://dx.doi.org/10.1152/physrev.00013.2007
http://www.ncbi.nlm.nih.gov/pubmed/18195085
http://www.ncbi.nlm.nih.gov/pubmed/22447316
http://dx.doi.org/10.1007/s10911-010-9174-0
http://dx.doi.org/10.1007/s10911-010-9174-0
http://www.ncbi.nlm.nih.gov/pubmed/20449641
http://dx.doi.org/10.1053/j.seminoncol.2012.05.012
http://dx.doi.org/10.1053/j.seminoncol.2012.05.012
http://www.ncbi.nlm.nih.gov/pubmed/22846862
http://dx.doi.org/10.1309/AJCP86PPBNGOHNNL
http://www.ncbi.nlm.nih.gov/pubmed/19289585
http://dx.doi.org/10.1016/j.semcancer.2010.10.007
http://www.ncbi.nlm.nih.gov/pubmed/20946957

	Intratumoral Hepatic Stellate Cells as a Poor Prognostic Marker and a New Treatment Target for Hepatocellular Carcinoma
	Introduction
	Materials and Methods
	Ethics Statement
	Patients and specimens
	Primary human HSCs isolation, characterization and culture
	Hepatoma cell culture and treatment
	Cell viability, migration and invasion assays
	Western blot analysis
	Immunochemical staining 
	tHSC detection
	HCC CTC detection
	TUNEL assay
	Tumor xenograft experiments
	Statistical analysis

	Results
	Characteristics of isolated tHSCs from human HCC tissues
	tHSC-CM more efficiently enhances proliferation, migration, and invasion of HCC cells in vitro
	tHSC-CM induces EMT-like phenotype in HCC cells
	Cotransplantation with tHSCs promotes HCC formation and growth in vivo
	Icaritin effectively inhibits tHSC proliferation in vitro and tHSC-induced HCC-promoting effects in vivo
	tHSCs are associated with changes of E-cadherin expression in human HCC specimens
	tHSC-induced EMT is involved in HCC cell invasion and dissemination
	Correlations of tHSCs in HCC with clinicopathological factors
	HCC subtypes with tHSC-rich have a poor prognosis

	Discussion
	Supporting Information
	Acknowledgements
	Author Contributions
	References


