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Abstract: Liver fibrosis is a risk factor for hepatoma. Activated hepatic stellate cells (HSCs) play a critical role in 
progression of hepatoma. Resected hepatoma patients with high α-SMA+HSCs infiltration had worse survival, OR: 
2.2 and p=0.0434. We hypothesized that HSCs could increase the epithelial-mesenchymal transition (EMT) ability 
of hepatoma cells. In murine model of liver fibrosis with injection of ML1 mice HCC cell line, E-cadherin was lost 
at the margin of tumor nodule around α-SMA+HSC sites. In subcutaneous tumor model, HSCs could increase the 
metastatic nodules in the lung, and the expression of E-cadherin was decreased and the Slug was induced. To eluci-
date the effect of HSCs on hepatoma cells, HSC-T6 was co-cultured with ML1 and the condition medium of HSC-T6 
can trigger ML1 cell morphological change, down-expression of E-cadherin, induction of Slug expression, and cell 
migration. Proteomic analysis of the condition medium showed that collagen I was the target molecule. Collagen 
type I alone also induced EMT of ML1 cells. Knockdown of collagen type I in HSC-T6 could decrease its induction 
of EMT on ML1 cells. In conclusion, HSC can secrete collagen type I to trigger hepatoma cells to undergo EMT for 
metastasis. 
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most severe cancers in the world [1]. Liver fibro-
sis is considered as a risk factor correlated with 
HCC formation [2]. An animal model using 
dimethylnitrosamine (DMN) to induce liver fi- 
brosis demonstrates that long term fibrosis can 
promote carcinogenesis [3]. However, the con-
nection between liver fibrosis and hepatoma is 
not fully studied. The fibrotic environment can 
enhance hepatoma growth through down-regu-
lation of immune surveillance of host or increas-
ing angiogenesis for tumor growth [4, 5]. 
Furthermore, the metastatic property of hepa-
toma cells was increased after transplanted 
into a fibrotic liver [6], suggesting multiple im- 
pacts of fibrotic environment on behavior of 
hepatoma cells.

During liver damage, hepatic stellate cells 
(HSCs) become activated and promote liver 
fibrosis formation. The activated HSCs will 

trans-differentiate into myofibroblasts and help 
tissue repair [7-9]. By secreting various factors 
including extracellular matrix, cytokines, and 
growth factors, HSCs have great influence on 
tumor behavior. The cultured supernatant of 
HSCs increases proliferation and migration 
activity of hepatoma cells [10, 11]. HSCs can 
also contribute to HCC stroma formation [12], 
and the existences of HSCs is related with high 
recurrence and death rate in clinical practice 
[13]. Various factors could be involved in the 
process of HSC promoted tumor progression, 
some of them are potent epithelial-mesenchy-
mal transition (EMT) inducer [14, 15]. After 
induction of EMT, the ability of invasion, metas-
tasis, and chemoresistance of tumor cells will 
increase, which in turn increases the severity of 
disease [16, 17]. The characteristics of cells 
undergoing EMT include morphological change, 
transcription factor activation, and specific pro-
tein expression. The presence of transition from 
epithelial markers to the mesenchymal mark-
ers is the evidence of cell conversion [18]. 
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The interaction between HSCs and hepatoma 
cells remains unclear. Understanding the me- 
chanism underlying liver fibrosis and tumor pro-
gression may help in the design of therapeutic 
strategies in the future. Therefore, this study is 
aimed to investigate how the HSCs promote 
hepatoma progression through EMT induction. 
At first, we analyzed the clinical significance of 
presence of activated HSCs in HCC patients. 
Secondly, we evaluate the role of HSCs on EMT 
ability of murine hepatoma cell ML1 in vitro and 
in vivo with or without candidate protein.

Material and methods

Clinical outcome analysis

The paraffin block of 92 resectable HCC pati- 
ents, included 54 male patients and 38 female 
patients, was included for staining of HSCs 
marker. The correlation between clinical char-
acteristics and recurrence after resection of 
these patients was analyzed. 

Cell culture and collection of conditioned 
medium

The rat hepatic stellate cell line, HSC-T6 was 
cultured in DMEM medium with 10% FBS. The 
culture supernatant was collected after 3 days 
culture as a conditioned medium. The superna-
tant was centrifuged at 2000 rpm for 10 min to 
deplete cell debris and then stored at -20°C. 
For the serum free conditioned medium, HSC-
T6 cells were subcultured in Waymouth medi-
um with 10% FBS, then transferred into serum 
free Waymouth medium after attachment, and 
the supernatant was collected 2 days later. 

Immunohistochemistry and immunofluores-
cence staining

Immunohistochemistry staining was performed 
as previously described [4]. The primary anti-
body were anti-E-cadherin, anti-Slug (Cell Sig- 
naling Technology, USA), anti-CD31 (BD, USA), 
anti-α-SMA (Sigma Aldrich, USA), and anti-colla-
gen type I (Abcam, USA). The slides were fur-
ther stained with DAPI for 15 min to show the 
cell nucleus position and then observed by con-
focal microscopy. The percentage of positive 
cells in each sample was analyzed by Tissue 
Quest software.

Transwell migration assay

The migration activity of ML1 cells was evalu-
ated by Transwell migration assay using 12-well 

transwell insert with 5 μm pore size (Corning, 
USA). Approximately 5x104 ML1 cells were se- 
eded onto the insert, after overnight incuba-
tion, the conditioned medium from HSC-T6 
cells were added to new 12-well plate and put 
in the inserts. After 24 h incubation, the cells 
on upper side of transwell insert were removed 
by cotton swaps. The cells remained on tran-
swell inserts were further fixed by cold metha-
nol and stained with DAPI. The cell numbers 
were observed and calculated under fluores-
cence microscopy. Each treatment were dupli-
cated and repeated once with similar result.

Reverse transcription-PCR

RNA was extracted with TRIZOL reagent (In- 
vitrogen Life Technologies, USA). The cDNA was 
synthesized by MMLV-reverse transcriptase 
(Promega, USA) following the manufacturer’s 
description. Primer sequences were β-Actin-F: 
5’-TGA ACC CTA AGG CCA ACC GTG-3’, β-Actin-R: 
5’-GCT CAT AGC TCT TCT CCA GGG-3’, Snail-F: 
5’-ACC CCC GCC GGA AGC CCA ACT-3’, Snail-R: 
5’-AGC GGC GGG GTT GAG GAC CTC-3’; Slug-F: 
5’-CTC ACC TCG GGA GCA TAC AGC-3’, Slug-R: 
5’-TGA AGT GTC AGA GGA AGG CGG G-3’; Twist-F: 
5’-CGG GTC ATG GCT AAC GTG-3’, Twist-R: 
5’-CAG CTT GCC ATC TTG GAG TC-3’. PCR prod-
ucts from cDNA were further electrophoresed 
in 2% agarose gel and stained with ethidium 
bromide.  

Proteomic analysis of conditioned medium

The SF-CM was collected to run 12% SDS-
PAGE. After Coomassie blue staining, the gel 
bands were sliced and incubated in 10 mM of 
DTT at 65°C for 45 min for reduction, followed 
by alkylation with 55 mM of iodoacetamide in 
25 mM ammonium bicarbonate at room tem-
perature for 1 hr. To digest the proteins, 0.1 μg 
of trypsin (Promega, USA) was added and incu-
bated at 37°C overnight. Targeted LC-MS/MS 
analysis was performed on a nano-HPLC sys-
tem coupled to an ion trap mass spectrometer 
(LCQ DECAXP Plus, ThermoFinnigan, USA). All 
MS/MS files (DTA files) were generated using Bi- 
oworks Browser 3.1 (ThermoElectron, USA). 
The resulting peak lists were searched against 
the Swiss-Prot database via an in-house 
Mascot server (Matrix Science Ltd.,U.K.) [19].

Western blotting

Total protein extracts from ML1 cells or tissues 
were obtained by incubating with lysis buffer 
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(Cell Signaling, USA). Western blot was per-
formed as described previously [4]. The primary 
antibodies were E-cadherin, N-cadherin, Slug 
(Cell Signaling Technology, USA), Twist (Santa 
Cruz, USA), and β-actin (Abcam, USA), 

Animal model

Two mice models were used to evaluate the 
effect of HSC on the metastasis of HCC cells. 
The animals were raised and cared according 
to the guidelines set up by the National Science 
Council, ROC. The mouse experiments were 
approved by the Institutional Animal Care and 
Use Committee.

Hepatoma in liver fibrosis mice model: A liver 
fibrosis combined with hepatoma animal model 
was induced as described in our previous study 
[4]. In brief, liver fibrosis was induced by an 
intraperitoneal injection of 200 μg/kg thioacet-
amide (TAA) 3 times a week for a total of 6 
weeks in 8-10 week old male BALB/c mice. 
After liver fibrosis established, 1x106 mouse 

hepatoma cells, ML1, was then injected into 
each mouse spleen, few days later ML1 could 
migrate to liver to form hepatoma nodules. The 
liver was harvested at 2 weeks after injection 
of hepatoma cells.

Subcutaneous hepatoma mice model: The 
metastatic ability of ML-1 with or without HSCs 
was evaluated in 8-10 week old male NOD/
SCID mice. 1x106 ML1 cells per mice were 
injected subcutaneously, with or without equal 
amount of rat hepatic stellate cell line HSC-T6. 
Six weeks later, the mice were sacrificed and 
the lungs were harvested to evaluate the tumor 
status of metastasis. 

Statistics

The clinicopathological variables were included 
as adjusters in the analysis of resected HCC 
patients. Cox proportional hazards model was 
used for multivariate analysis while led param-
eters were significant at the P < 0.1 level on 
univariate analysis using log-rank test. Results 

Figure 1. The clinical significance of 
infiltrative HSCs in HCC on recurrence 
after resection. A. The active HSCs 
were stained with SMA, no SMA+ was 
observed in normal liver, and active 
HSCs were found within tumor area; 
B. patients with high expression of 
SMA+ HSCs had poor disease-free 
period, p=0.0434.
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were presented as hazard ratio (HR) and 95% 
CI. Laboratory data are expressed as mean±SE 
of three independent experiments. Statistical 
analysis in this study was performed by apply-
ing a student’s t test using Sigma Plot 8.0 soft-
ware. Statistical significance was considered at 
p < 0.05.

Results

The impact of HSCs expression on the recur-
rence of HCC after resection

The α-SMA was used to stain the activated 
HSCs in hepatoma specimen (Figure 1A). After 
calculated by Tissue Quest software, high ex- 
pression meant higher than mean number ex- 
pression of staining cells. The patients with hi- 
gh expression of α-SMA had higher recurrence 
rate, p=0.0434 (Figure 1B). Multivariate analy-
sis showed the high expression of HSCs in the 
tumor was significantly correlated with the re- 
currence after resection, hazard ratio 2.2 with 
95% CI ranged from 1.2 to 3.2, p=0.0434. (Ta- 
ble 1) 

Hepatic stellate cells enhance ML1 metastasis

We used a subcutaneous tumor model to dem-
onstrate the ability of stellate cells to promote 
hepatoma metastasis. When injecting ML1, 
either with or without an equivalent amount of 
HSC-T6, into NOD/SCID mice, the tumor cells 
can migrate into the lung after 6-8 weeks. The 
tumor nodule numbers in the lung were signifi-
cantly higher in the mice with injection of ML1 

immunohistochemistry staining of primary tu-
mor site showed decrease expression of E- 
cadherin and increased Slug (Figure 2E, 2F) in 
the mice with injection of ML1 with HSC-T6 co- 
mpared to those with injection ML-1 only. These 
results suggest that stellate cells can enhance 
the metastatic ability of ML1 via induction of 
EMT.

HSC-T6 conditioned medium induces ML1 to 
undergo EMT

We collected culture supernatant from the he- 
patic stellate cell line HSC-T6 as conditioned 
medium (CM). After treated with CM for 24 ho-
urs, the morphology of ML1 cell transformed 
into a more stretched out shape. A similar mor-
phological change was also observed with se- 
rum free conditioned medium (SF-CM) or serum 
free conditioned medium with 10% fetal bovine 
serum added (SF-CM+FBS). Since hepatic stel-
late cells are known to secret TGF-β, it was in- 
cluded as another control. However, TGF-β ind- 
uces ML1 to transform into a spindle-like mor-
phology that is different from that of CM. The 
Waymouth control medium was used as a neg-
ative control that does not induce any morpho-
logical change (Figure 3A).

The immunoblotting showed that E-cadherin 
was down-regulated in the CM, SF-CM, and 
SF-CM+FBS groups, while N-cadherin was up-
regulated in the TGF-β treatment group (Figure 
3B). The transcription factor Slug was induced 
under the CM and SF-CM+FBS treatment, and 

Table 1. The impact of HSCs expression on disease-free survival of 
HCC patients after resection
Characteristics Patients (n=92) Hazard ratio (95% CI) p-value 
Gender 
    Male: female 54:38 1:0.6 (0.4-1.2) 0.768
Underlying liver disease
    Cirrhosis: non-cirrhosis 39:53 1:0.5 (0.3-1.2) 0.867
Differentiation
    Well: Moderate & poor 30:52 1:1.2 (0.7-1.6) 0.312
Vascular invasion
    Yes: no 48:44 1:0.6 (0.4-1.3) 0.464
AFP level (ng/ml)
    AFP ≥ 20: AFP < 20 58:34 1:0.8 (0.6-1.5) 0.356
Staging (AJCC)
    I: II & III 38:54 1:1.3 (0.5-1.6) 0.393
SMA expression
    Low: high 46:46 1:2.2 (1.2-3.2) 0.0434

with HSC-T6 group (Figure 2A). 
In these metastatic lung nod-
ules, the immunohistochemis-
try staining showed decrease 
expression of E-cadherin and 
increased Slug (Figure 2B). In 
the Western blot analysis, E- 
cadherin was also down-regu-
lated and Slug was induced in 
the extract of lung metastatic 
nodules (Figure 2C). However, 
tumor volume of the primary 
tumor nodule was slightly larg-
er in the mice with injection of 
ML1 with HSC-T6 than that in 
injection of ML-1 only, but no 
significant differences (Figure 
2D), suggesting that stellate 
cells can enhance metastasis 
of hepatoma cell (ML-1). A simi-
lar effect was observed in the 
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Figure 2. HSCs enhance ML1 metastasis to lung in NOD/SCID mice with EMT induction. The hepatoma cell line ML1 was subcutaneously injected (1x106) into NOD/
SCID mice with or without same amount (1x106) of HSC-T6 cells. The mice were sacrificed at 6 weeks post injection. A. A representative lung tissue picture and the 
number of lung metastatic nodules was significantly higher in the mice of ML1 with HSC; B. the expression of E-cadherin (red) was down-expressed while the expres-
sion Slug (red) was increased in the mice with of ML1 with HSC when compared to the mice with of ML1 only; C. The immunoblotting of E-cadherin, N-cadherin, 
and Slug protein in lung tissue showed similar result; D. The subcutaneous tumor size was measured at sacrifice time point; E and F. The immunohistochemistry 
staining of E-cadherin (red), α-SMA (green), and Slug (red) in subcutaneous tumor sites. The cell nuclei were stained with DAPI (blue). Each group contains 6-8 mice. 
P < 0.05 were considered significant.
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Figure 3. HSC-T6 conditioned medium can trigger ML1 undergo EMT. A. The morphological change of ML1 after treated with different medium; 1. DMEM with 10% 
FBS (control); 2. HSC-T6 conditioned medium (CM), 3. Serum free conditioned medium (SF-CM), 4. serum free conditioned medium with 10% FBS (SF-CM+FBS). 
5. 10 ng/ml TGF-b. 6. HSC-T6 culturing medium Waymouth. All treatments were added to ML1 cells for 24 h. The group 1-6 represent the same treatment through 
this figure; B. The immunoblotting result of E-cadherin, N-cadherin, slug, and twist under different conditioned medium to ML1 cells after 12 h treatment; C. The 
mRNA expression of EMT related transcription factor snail, twist, and slug in ML1 cells with different treatment for 12 h; D. The migration ability of ML1 cells was 
determined by transwell migration assay at 24 h post treatment, where E shows the quantitative result; F. Immunofluorescence staining of E-cadherin, N-cadherin, 
α-SMA, vimentin, and Slug in ML1 cells treated for 12 h; G. The cell number was counted by Eosin Y staining after 12-48 h treatment; H. The hepatoma cell line 
ML1 were treated with HSC-T6 CM for 12-48 h. Cells were fixed with 70% alcohol and stained with 20 μg/ml propidion indium, result showed percentage in each 
cell cycle stage. Each treatment was triplicated and repeated once with similar result. The expression level was compared to the control group by analyzing band 
intensity with Image J software.



HSC triggers HCC EMT by collagen type I

757	 Am J Cancer Res 2014;4(6):751-763

Twist was up-regulated with TGF-β treatment 
(Figure 3C). The migration activity was detect-
ed by the transwell migration assay under CM 
treatment (Figure 3D, 3E). The similar results 
were also observed in immunofluorescence 
staining of Slug expression in the cell nucleus 
(Figure 3F). There were no differences betw- 
een the control and the Waymouth medium 
group, but in the CM with sufficient nutrient or 
TGF-β treatment, the migration activities were 
enhanced around 1.5 fold compared to the 
control group. The cell cycle analysis showed a 
decreased population in S-phase at 12 and 24 
h (Figure 3H). The proliferation status was also 
evaluated by Eosin Y staining after 12-48 h 
treatment. In the CM, SF-CM and SF-CM+FBS tr- 
eated group, the cell proliferation was inhibit-
ed, while the TGF-β and Waymouth group sh- 
owed normal proliferation status (Figure 3G). 
According to these results, we suggested that 
the HSC-T6 CM can induce ML1 undergo EMT 

pression of E-cadherin, N-cadherin, and slug 
(Figure 5B). When the expression of collagen 
type I was knockdown in HSC-T6 cells, the E- 
cadherin loss was reversed and the slug expres-
sion was reduced, but this phenomenon was 
not observed after knockdown the expression 
of fibronectin (Figure 5C).

Hepatic stellate cells were localized around 
the E-cadherin downregulated tumor region 
in the liver fibrosis combined with hepatoma 
model

In order to clarify the effect of naturally activat-
ed hepatic stellate cells on the hepatoma cells, 
we established a liver fibrosis combined with 
hepatoma model in BALB/c mice4. In the mice 
bearing hepatoma alone, a high expression 
level of E-cadherin was found in the whole tu- 
mor nodule. However, in the fibrosis combined 
with hepatoma mice, E-cadherin was down-
expressed at the marginal area of some tumor 

Figure 4. Protein identification in HSC-T6 conditioned medium. The SF-CM was 
collected and SDS-PAGE was conducted. The proteins on SDS-PAGE were further 
identified by mass spectrometer. Three regions of different proteins were identi-
fied. 

and further enhance its 
migration ability.

Collagen type I in HSC-
T6 conditioned medium 
induces EMT of ML1

We further investigated 
the component in CM that 
might be responsible for 
EMT by using the serum 
free HSC-T6 culture super-
natant (SF-CM) to run 
SDS-PAGE and make iden-
tification using a mass 
spectrometer. Extracellu- 
lar matrix protein collagen 
type I is one of the major 
components in condition- 
ed medium (Figure 4). 

To test the effect of colla-
gen type I on the EMT of 
ML1 cells, pure collagen 
type I was added to treat 
ML1 cells. After 12 h of 
treatment, collagen type I 
can induce ML1 morpho-
logical change in a dose 
dependent manner (Figu- 
re 5A). The immunoblot-
ting results also showed 
the EMT markers were 
induced, from 100 μg/ml 
to 300 μg/ml on the ex- 
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nodules (Figure 6A). The α-smooth muscle 
actin (α-SMA) was used as a marker of hepatic 
stellate cells, and the immunohistochemistry 
staining showed that hepatic stellate cells were 
localized at these E-cadherin down-expressed 
sites (Figure 6B). These α-SMA+ cells were des-
min+ (Figure 6C) but not CD31+, which therefore 
excludes the possibility of intratumor endothe-
lial cells. This suggests that hepatic stellate 

cells can enhance hepatoma cells to undergo 
EMT in a fibrotic liver. To further confirm the role 
of collagen type I in vivo, its deposition in the 
hepatoma mice with or without fibrosis model 
was stained. In the TAA-ML1 group (lower rows), 
the E-cadherin expression was loss in the area 
with high expression of α-SMA+ hepatic stellate 
cell at the margin of tumor, and the collagen 
type I deposition in the area with the expres-

Figure 5. The collagen type I in HSC conditioned medium induced EMT. A. Morpho-
logical change of ML1 cells after 24 h of 100-300 μg/ml collagen type I treatment; 
B. Immunobloting of E-cadherin, N-cadherin, Slug and b-actin in ML1 cells. C. siRNA 
was used to knockdown fibronectin or collagen type I expression in HSC-T6 cells, 
and culture supernatant was collected to treat ML1 cells for 24 h. The morphologi-
cal changes of ML1 cells are shown in 200x magnification, and immunobloting of 
E-cadherin, N-cadherin, Slug and collagen type I. The knockdown efficiency was 
confirmed by western blotting of collagen type I expression in conditioned medium. 



HSC triggers HCC EMT by collagen type I

759	 Am J Cancer Res 2014;4(6):751-763

Figure 6. Hepatic stellate cells were localized around E-cadherin down-expressed tumor region in the liver fibrosis combined with hepatoma model. A. E-cadherin 
(red) is highly expressed in DAPI (blue) condensed tumor region (dot line) harvested from hepatoma bearing (ML1) BALB/c mice. In the fibrosis combined with hepa-
toma (TAA-ML1) mice liver, E-cadherin is down-expressed in front parts of the tumor region as indicated by an arrow. (200x); B. The hepatic stellate cells in tumor 
were stained with α-smooth muscle actin (α-SMA, green). Anti-E-cadherin (red), anti-CD31 (purple, triangle), and DAPI (blue) were also stained. The tumor regions 
with high α-SMA expressed cells were E-cadherin down-expressed; C. These cells were desmin+ but CD31-. (600x) The images were representative to 5-7 mice in 
each group; D. The mice liver with hepatoma (ML1) or hepatoma combined with fibrosis (TAA-ML1) were collected and sliced into 5 μm sections. Immunofluores-
cence staining of α-smooth muscle actin (α-SMA, green), E-cadherin (red), collagen type I (red), and DAPI (blue) in liver tissue section. The dotted line shows the 
tumor area. Arrowhead indicates the α-SMA highly expressed cells, and arrow indicates the α-SMA+ cells with lower expression.
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sion of α-SMA+ hepatic stellate cells (Figure 
6C). In the ML1 group, α-SMA+ cells were also 
observed in the tumor nodules, but the expres-
sion level was lower than that observed in TAA-
ML1 mice. The E-cadherin expression was 
mostly expressed within entire tumor nodule, 
and the α-SMA+ cells did not express E-cadherin 
and located inside the tumor, with co- expres-
sion of collagen type I. Based on these data, we 
concluded that collagen type I released from 
activated hepatic stellate cells during fibrosis 
can contribute to EMT induction in hepatoma.

Discussion

The HSCs are important in liver fibrosis forma-
tion, but their interaction with tumor cells is still 
unclear. In this study we found that HSCs can 
trigger hepatoma cells to undergo EMT through 
the effect of collagen type I, and subsequently 
enhance tumor metastasis. Using the hepatic 
stellate cell line HSC-T6 conditioned medium 
that also can induce morphological change in 
the hepatoma cell line ML1, down-expression 
of epithelial marker E-cadherin, and induction 
of transcription factor Slug. In liver fibrosis and 
hepatoma coexisting model, the E-cadherin 
was down expressed around HSCs within tu- 
mors. In NOD/SCID mice subcutaneous tumor 
model, we demonstrated the metastatic effect 
of HSCs. We further identify that collagen type I 
released from HSCs during fibrosis is contrib-
uted to EMT in enhancing metastasis of he- 
patoma.

HSCs presenting around tumors have been 
reported in several studies. The conditioned 
medium of hepatocellular carcinoma cell can 
trigger HSCs activation, proliferation, and cell 
migration [20, 21]. This indicates that tumors 
can stimulate HSCs to form stoma which then 
help tumor growth. On the other hand, the acti-
vated HSCs can also affect tumor behavior. The 
B7-H1 expressed on HSCs can inhibit the im- 
mune response against tumors, and contrib-
utes to tumor progression [11, 22]. The culture 
supernatant of HSCs has been reported to 
enhance hepatoma cell proliferation and migra-
tion activity [10]. The activated HSCs can se- 
crete pro-angiogenic factor, such as angiopro-
tein-1, to promote tumor metastasis [23], and 
they also can promote focal adhesion forma-
tion of tumor cells to enhance tumor growth 
[24]. In clinical practice, the presence of acti-
vated HSCs near a tumor area is related to poor 
patient survival [13]. Our data shows that 

increased infiltrative active HSCs are correlat-
ed with higher postoperative recurrence rate. 
These studies reveal the importance of the 
interaction between HSCs and tumor cells. 

The CM from cultured HSC-T6 cells can trigger 
ML1 cell morphological change, down-expres-
sion of epithelial marker E-cadherin and up-
expression of transcription factor Slug, which 
implies induction of EMT. However, the mesen-
chymal marker N-cadherin did not up-express 
under conditioned medium treatment, suggest-
ing a partial EMT (p-EMT) response. This phe-
nomenon has been reported in several studies, 
such as hepatocyte growth factor (HGF) could 
induce MDCK cells to express Slug without 
down-expression of E-cadherin [25]. TGF-β also 
could induce keratinocyte to undergo partial 
EMT, showing down-expression of epithelial 
marker without up-expression of mesenchymal 
marker [26]. Although the mesenchymal fea-
tures did not increase in the partial EMT 
response, the migration activity of transformed 
cells was still enhanced. 

Activated HSC can secrete TGF-β to promote 
liver fibrosis, while TGF-β is known as a potent 
EMT inducer. Both TGF-β and CM of HSC-T6 can 
induce EMT of ML1 cells, but the effects on 
ML1 were different. First, in the morphological 
change of ML1, CM could induce a more 
stretched out spindle-like shape and these 
cells still grouped together. In contrast, TGF-b 
resulted in being an elongated shape with each 
cell separated from each other. Secondly, the 
CM of HSC-T6 could induce up-expression of 
Slug, while TGF-β mainly induced expression of 
Twist. Thirdly, the proliferation status of ML1 
cells was inhibited after CM of HSC-T6 treat-
ment, but not with TGF-β. These results sug-
gest that HSC-T6 can trigger hepatoma cells to 
undergo EMT different from the influence of 
TGF-β.

When ML1 cells were treated with CM of HSC-
T6, the cell proliferation was inhibited. This 
similar result was observed by using TGF-β to 
induce EMT in mammary epithelial cells [27]. 
The cells tended to delay the proliferation rate 
during the transition process. Despite the pro-
liferation being inhibited in the in vitro model, 
the nodule number was increased in the TAA-
ML1 mice in our previous report [4]. When 
using a subcutaneous tumor model, the mixing 
of HSC-T6 with ML1 showed an enhanced 
migration activity. Both of the in vivo models 
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showed similar results. We suggest that the 
hepatoma acquired invasiveness through EMT 
induction is more important than temporal pro-
liferation inhibition.

Several proteins secreted from activated HSCs 
are related to EMT induction, including TGF-b, 
hepatocyte growth factor (HGF) [28], epider- 
mal growth factor (EGF) [29], and collagen type 
I [30]. The proteomic analysis revealed that 
some extracellular matrix elements were major 
components in the HSC-T6 conditioned medi-
um, including collagen type I and fibronectin. 
We found that treating ML1 cells with collagen 
type I could trigger a similar effect to CM, when 
using siRNA to down-express the collagen type 
I expression in HSC-T6, the EMT induction of 
CM was reversed, the E-cadherin expression 
level was increased and Slug induction was 
decreased. In collection, our study suggests 
that collagen type I contributes to HSC induced 
EMT. 

The HSCs share several features with pancre-
atic stellate cells (PSCs), such as extracellular 
matrix and growth factor production. Both 
kinds of stellate cells promote tissue fibrosis 
formation. Previous reports showed that PSCs 
could induce EMT of pancreatic cancer cells. 
PSCs harvested from patients co-cultured with 
tumor cells could induce snail expression and 
down expression of E-cadherin, and enhance 
tumor migration ability [31, 32]. Interestingly, 
the PSC induction of tumor cell EMT was not 
TGF-β dependent, and this result is similar to 
our observation. Therefore, the interaction be- 
tween stellate cells and tumor is not specific for 
liver tissue.

The EMT phenomenon was detected in HCC 
patients. The malignance of HCC is correlated 
with snail or twist expression, and patients with 
snail or twist expression had poor survival rate 
[33]. The EMT induction is also detected with 
Slug expression in HBV, HCV, and alcohol relat-
ed tumor cases [34], indicating that EMT induc-
tion is not limited to a particular type of HCC 
patient. There are more metastasis in HBV 
related HCC in clinical observations [35], HBV 
infection can induce more activated HSCs via 
paracrine effect and causes more collagen pro-
duction [36]. In conclusion, the activated HSCs 
can enhance metastasis through EMT induc-
tion. To further elucidate the interaction be- 
tween HSCs and tumor cells could help for 
future therapy of HCC.
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