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ABSTRACT

Tumor-associated macrophages, crucial components of the microenvironment
in hepatocellular carcinoma, hamper anti-cancer immune responses. The aim of the
present study was to investigate the effect of sorafenib on the formation of the tumor
microenvironment, especially the relationship between polarized macrophages and
hepatocytes. Macrophage infiltration was reduced in patients with hepatocellular
carcinoma who were treated with sorafenib. In vitro, sorafenib abolished polarized
macrophage-induced epithelial mesenchymal transition (EMT) and migration of
hepatocellular carcinoma cells but not normal hepatocytes. Moreover, sorafenib
attenuated HGF secretion in polarized macrophages, and decreased plasma HGF in
patients with hepatocellular carcinoma. Additionally, sorafenib abolished the polarized
macrophage-induced activation of the HGF receptor Met in hepatocellular carcinoma
cells. Our findings suggest that sorafenib inhibits polarized macrophage-induced EMT
in hepatocellular carcinoma cells via the HGF-Met signaling pathway. These results
contribute to our understanding of the immunological mechanisms that underlie the
protective effects of sorafenib in hepatocellular carcinoma therapy.

INTRODUCTION

Hepatocellular carcinoma is the fifth most commonly
occurring solid tumor worldwide, with relatively high and
increasing incidence as well as frequent relapse and dismal
prognosis [1]. Tumor-associated macrophages located in
hepatocellular carcinomas increase tumor recurrence after
liver resection and reduce patient survival [2, 3]. Tumor-
associated macrophages represent polarized macrophages
that are opposed to the actions of the pro-inflammatory
macrophages [4]. Hence, interference with macrophage
polarization may shift macrophage function from cancer
facilitating to cancer suppressing, suggesting a potential
approach for clinical therapy.

Sorafenib (Nexavar) is the first oral multikinase
inhibitor well-known for its influence on tumor signaling
and vasculature. This compound was recently approved
for use in hepatocellular carcinoma [5]. Sorafenib blocks
receptor tyrosine kinase signaling and inhibits downstream
Raf serine/threonine kinase activity, thereby inhibiting the
proliferation and survival of tumor cells [6]. However, the
effect of sorafenib on the interaction between macrophages
and hepatocytes remains elusive.

Epithelial-mesenchymal transition (EMT) is a
developmental cellular program in which polarized
epithelial cells lose epithelial properties, reduce
intercellular adhesions, and acquire mesenchymal
characteristics [7]. This phenotypic change is important
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in the development of the invasive and metastatic
potentials of cancer progression [8—10]. Generally, a
wide variety of factors can stimulate EMT progression,
including transforming growth factor-B (TGF-p),
hepatocyte growth factor (HGF), and interleukin-6
(IL-6). Among these cytokines, TGF-B is considered
to be the most important activator of EMT, and IL-6
can interact with TGF-p to facilitate EMT [11, 12].
Through activating the Met signaling pathway, HGF
(also known as a scattering factor) modifies the tumor
microenvironment to facilitate cancer progression [13].

In this study, we found that macrophage infiltration
was reduced in patients with hepatocellular carcinoma
who were administered sorafenib. Sorafenib suppressed
polarized macrophage-induced EMT and cellular
migration of hepatocellular carcinoma cells. After
treatment with sorafenib, HGF secretion was decreased in
macrophages, which reduced the polarized macrophage-
conditioned medium-induced activation of HGF-Met
signaling in hepatocellular carcinoma cells but not in
normal liver cells. In addition, patients with hepatocellular
carcinoma also showed decreased HGF concentrations
after sorafenib treatment. The discrepant reaction of
hepatocellular carcinoma cells and normal liver cells to
polarized macrophage-conditioned medium might be due
to different expression levels of the HGF receptor Met.
These results contribute to elucidating the immunological
mechanisms that lead to the protective effects of sorafenib
in hepatocellular carcinoma therapy.

Fibrpnectin

RESULTS

Effects of sorafenib therapy in a representative
patient with hepatocellular carcinoma

A 65-year-old man with hepatocellular carcinoma
received sorafenib therapy. After thirty weeks of
treatment, a computed tomography scan showed that
the size of his tumor had shrunk. We performed paired
liver biopsies (i.e., before and after sorafenib treatment)
in this patient to evaluate changes in the infiltration of
macrophages. A histological examination showed that
the number of tumor-infiltrating CD68" macrophages
was reduced after sorafenib therapy. In addition, the
expression levels of the EMT-related proteins fibronectin
and vimentin were also decreased after sorafenib therapy
(Figure 1).

Sorafenib suppresses polarized macrophage-
induced EMT in hepatocellular carcinoma cells

To elucidate the influence of sorafenib on
macrophages, we stimulated the human monocyte cell
line THP1 with PMA, and then seeded the cells on 12-
well plates for 24 h to generate polarized macrophage.
Real-time PCR was performed to analyze pro-apoptotic
genes in polarized macrophages treated with or without
sorafenib. The results showed that sorafenib treatment did
not increase pro-apoptotic gene expression in polarized

Rl

Figure 1: Hepatic biopsy samples obtained from a patient with hepatocellular carcinoma before and after 30 weeks
of sorafenib therapy. Immunohistochemistry stained liver samples were obtained before and after sorafenib therapy to determine the
expression of CD68" infiltrating macrophages and the EMT-related proteins fibronectin and vimentin (x200).
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macrophages (Supplementary Figure 1). These data
demonstrated that 3 h of sorafenib treatment would not
suppress the survival of polarized macrophages.

We then cultured the human liver carcinoma cell
line HepG2 and the normal human liver cell line HL7702
with the supernatant from polarized macrophages. After
48 h, HepG2 cells exhibited morphological changes
characteristic of EMT in which the scattering of the cells
increased and their shape elongated. By contrast, the
morphological changes in HL7702 cells were insignificant.
More importantly, after treatment with sorafenib, the
supernatant from polarized macrophages did not alter the
morphology of HepG2 cells (Figure 2).

Along with these morphological alterations, the
mRNA expression of the EMT-related genes Vimentin,
Snail, and Slug decreased in HepG2 cells when polarized
macrophages were pretreated with sorafenib (Figure
3A) [14]. Furthermore, the supernatant from polarized
macrophages pretreated with sorafenib did not increase the
mRNA expression of EMT-related genes in HL7702 cells
(Figure 3A). Cadherin switching, which is characterized
by the downregulation of E-cadherin and upregulation of
N-cadherin, is one of the most important features of EMT
[15]. Sorafenib treatment inhibited mRNA expression
of N-cadherin, and the mRNA level of E-cadherin was
upregulated. These data suggest that sorafenib treatment

mock

suppresses the cadherin switching that was induced by
polarized macrophages.

Consistent with the mRNA changes, the supernatant
from polarized macrophages decreased protein expression
levels of two epithelial markers (the adherens junction
protein E-cadherin and the tight junction protein ZO-
1) in HepG2 cells, whereas the expression levels of the
intermediate filament proteins vimentin, E-cadherin
regulation proteins Snail and Slug, and N-cadherin were
upregulated. These effects were reversed when polarized
macrophages were pretreated with sorafenib (Figure
3B and statistical analysis in Supplementary Figure 2).
Additionally, EMT-related mRNA and protein expression
were not notably changed in HL7702 cells cultured with
the supernatant from polarized macrophages treated or
untreated with sorafenib. These data indicate that polarized
macrophage-induced EMT is suppressed by sorafenib only
in hepatocellular carcinoma cells.

Sorafenib inhibits polarized macrophage-
induced cellular migration of hepatocellular
carcinoma cells

The data above demonstrated that sorafenib inhibited
polarized macrophage-induced EMT in hepatocellular
carcinoma cells. We next investigated whether the influence

HL7702

Figure 2: Sorafenib treatment counteracts polarized macrophage-induced EMT in HepG2 cells. THP! cells were
stimulated with PMA for 3 h, washed twice to remove PMA, and seeded on 12-well plates (1 x 10° cells/well) for 24 h to generate polarized
macrophages. Sorafenib or DMSO (mock) was added to cells for 3 h. This treatment was followed by a medium exchange and stimulation
with LPS (1 ng/mL) for 24 h. HepG2 and HL7702 cells were photographed and cell morphology was evaluated 48 h after culturing with the
supernatant of polarized macrophages. Polarized macrophage (M®) culture conditions: mock, DMSO; M®, DMSO + LPS; M® + SORA,

sorafenib (1.2 pg/mL) + LPS. Arrows indicate elongated cells.
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of sorafenib on polarized macrophages leads to an inhibition
of the cellular migration of hepatocellular carcinoma cells.
As shown in Figure 4A, the results of the wound healing
assay revealed that stimulation of polarized macrophages
increased the cellular migration of HepG2 cells but not of
HL7702 cells. However, the cellular migration of HepG2
cells was significantly decreased when macrophages
were pretreated with sorafenib, and this effect was not

observed in HL7702 cells (Figure 4A). Furthermore,
transwell experiments revealed that polarized macrophages
stimulation increased the number of migrated HepG2 cells,
and this effect could be blocked by pretreating macrophages
with sorafenib (Figure 4B). As before, the same effects were
not observed in HL7702 cells. These results suggest that
sorafenib inhibits the macrophage-induced cellular migration
of hepatocellular carcinoma cells.
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Figure 3: Sorafenib inhibits polarized macrophage-induced EMT-related gene and protein expression in HepG2 cells.
HepG2 and HL7702 cells (2 x 10° cells/well) were seeded in 6-well tissue culture dishes. After the cells incubated for 24 h, the medium

was exchanged with the supernatant of polarized macrophages

(M®) that had been stimulated under the following conditions: mock,

DMSO; M®, DMSO + LPS; M® + SORA, sorafenib (1.2 pg/mL) + LPS. HepG2 and HL7702 cells were collected 48 h after the medium

exchange. A. Quantitative PCR analysis of relative mRNA level

s (Rel mRNA) of EMT-related genes N-cad, E-cad, Vimentin, Snail, and

Slug in HepG2 and HL7702 cells. Values are normalized to the housekeeping gene Gapdh in the same sample and expressed as fold change
in comparison with mock group. Data are expressed as mean + SD, *P <0.05; **P < 0.01. B. Western blot analysis of EMT-related proteins
vimentin (D21H3), N-cadherin, ZO-1 (D1D12), Snail (C15D3), Slug (C19G7), and E-cadherin. GAPDH was used as a loading control.
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Sorafenib changes cytokine production in
polarized macrophages

We also analyzed cytokine secretion of polarized
macrophages, which could stimulate the EMT progression.
Changes in the mRNA expression of EMT-related
cytokines in macrophage treated with or without sorafenib
were evaluated by real-time PCR. Compared with
untreated controls, sorafenib markedly inhibited mRNA
expression of HGF without significantly decreasing the
mRNA expression of TGF-B1 (Figure 5A). However,
changes in other EMT-related cytokines, EGF, IL-10, and
IL-6, were not consistent with the morphologic changes
occurring during EMT (data not shown).
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Because HGF and TGF-B1 can be secreted not
only by macrophages but also by hepatocytes, the mRNA
expression levels of HGF and TGF-B1 in HepG2 and
HL7702 cells were also evaluated. As shown in Figure
5B, the mRNA expression of HGF in macrophages was
143-fold higher than that in HepG2 cells and 3,232-fold
higher than that in HL7702 cells. However, the differences
in TGF-B1 mRNA expression between macrophages
and hepatocytes (HepG2 and HL7702 cells) were not
remarkable (Figure 5B). We also used an ELISA to analyze
the HGF protein expression level in the macrophage-
conditioned medium. These results were consistent with
those for the HGF mRNA expression (Figure 5C). Based
on these results, we concluded that sorafenib inhibits the
HGF secretion of polarized macrophages.
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Figure4: Polarized macrophages pretreated with sorafenib inhibit cellular migration of HepG2 cells. A. SubconfluentHepG2
and HL7702 cells were scratched with a plastic pipette tip and incubatedwith the supernatant of polarized macrophages (M®) that were
stimulated under the following conditions: mock, DMSO; M®, DMSO + LPS; M® + SORA, sorafenib (1.2 pg/mL) + LPS. The results of
this wound healing assay were photographed and measured. B. HepG2 and HL7702 cells transmigrate toward sorafenib-treated polarized
macrophage cultures. *P < 0.05, **P < 0.01, and ***P < 0.001 for the indicated comparisons.
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Sorafenib therapy effects in patients with
hepatocellular carcinoma

To verify the results we obtained from in vitro
experiments, we collected plasma from patients before
and after sorafenib therapy. Table 1 showed the clinical
and laboratory findings of patients with hepatocellular
carcinoma who received sorafenib therapy for 12 and

A HGF
1.61 *dk
* %%
< i
Z 10l
Z 1.0
S
©
& o5
()} .
(] 0.3 1.2
B HGF
3501
w] CJO W03 m12
< 2501
= 2001
X 150-
E 1001 ’l|
e 5o -
1.5 7
os] ‘ ‘“ ’l‘
0.5
TAM HepG2 HL7702
C 1800; .
- *%
-
£ 1200 T
()]
R
G
T 600+
0 v
0 0.3 1.2

Rel mRNA

Rel mRNA

o
Cu

24 weeks. A statistical analysis revealed that 12 or
24 weeks of sorafenib therapy did not alter alanine
transaminase, aspartate aminotransferase, and bilirubin
levels (Figure 6A), and 12 weeks of sorafenib therapy
had no significant inhibition on alpha-fetoprotein (AFP)
and HGF. However, after 24 weeks of therapy, the
concentration of HGF in patient plasma was markedly
reduced, which is consistent with the decrease also
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Figure 5: Cytokine profiles in a transwell system containing polarized macrophages, HepG2, and HL.7702 cells. Polarized
macrophages (12-well plate, 1 x 10° cells/well) were treated with sorafenib or DMSO (mock) for 3 h. The medium was then changed and
stimulated with LPS (1 ng/mL) for 24 h. Transwells (0.4 um pores) containing 1 x 10° HepG2 or HL7702 cells were subsequently placed
on top of the cultured macrophages for 24 h. A. Quantitative PCR analysis of relative mRNA (Rel mRNA) levels of HGF and TGF-p1/
TGFBI1 in polarized macrophages. Results were expressed as fold amplification over 0 group following normalization with Gapdh. Data
were expressed as mean = SD, ***P < (.001. B. Comparison of mRNA expression of HGF and TGF-B1/TGFBI1 in polarized macrophages,
HepG2, and HL7702 cells. Results were expressed as fold amplification over HepG2 0 group following normalization with Gapdh. Data
were expressed as mean + SD. C. Polarized macrophages were treated with sorafenib or DMSO (mock), and then stimulated with LPS
(1 ng/mL) for 24 h. The secretion of cytokines into the culture supernatants was determined by ELISA. Polarized macrophage cultured
conditions: 0, DMSO + LPS; 0.3, sorafenib (0.3 pg/mL) + LPS; 1.2, sorafenib (1.2 pg/mL) + LPS. **P < 0.01.
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Table 1: clinical and laboratory findings of the patients with hepatocellular carcinoma accepted sorafenib

therapy
No. Gender Age ALT (IU/L) AST (IU/L) Bilirubin (umol/L) AFP (ng/mL) HGF (ng/mL)
Before After After Before After After Before After After Before After After Before After  After
12W  24W 12W 24w 12W  24W 12W  24W 12w 24W
1 M 72 134 126 118 148 138 125 2986 2578 27.54 356 299 221 1060 760 690
2 M 73 112 117 119 124 131 137 19.65 21.52 2043 278 324 289 1450 1030 890
3 M 61 89 82 87 96 90 99 16.80  17.31 1843 321 456 378 1310 1290 1070
4 F 54 157 146 141 148 139 131 20.65 1998 18.65 753 574 432 2980 2050 1780
5 M 63 107 115 111 102 121 116 31.89  29.57 27.68 401 332 278 1950 1670 1890
6 M 59 96 102 95 113 124 120 26.13  28.67 2793 299 213 167 1780 2070 2210
7 M 65 171 158 147 169 152 157 3572  39.45 37.81 534 327 287 1930 1670 1450
8 M 62 81 95 87 92 108 98 2478  26.83 2556 356 301 325 1210 970 1040
9 M 71 96 112 107 105 117 121 28.93 3478 3572 364 314 243 1080 1240 1320
10 F 48 128 135 132 139 143 152 2497 2859 2693 447 385 356 2010 1650 1340
11 M 53 136 127 131 142 120 127 2678 2573 2749 621 592 504 1720 1320 1280
12 F 68 103 99 95 114 107 100 19.73 1894 21.67 406 428 367 1630 1580 1190
13 M 43 56 63 58 65 70 74 1575 1672 1872 275 248 197 1470 1520 1640
14 M 45 81 92 86 94 99 91 21.94 19.64 2475 307 265 186 1210 1320 1290
15 M 67 73 68 71 87 92 89 17.81 1834 21.51 374 407 398 1690 1310 1060
16 F 61 132 127 125 146 152 141 3276 29.67 2743 584 498 356 1850 1560 1430
17 F 56 147 151 142 162 153 160 21.62 2356 2493 625 629 567 1320 1160 980
18 F 67 164 129 120 172 147 130 39.87 3582 30.76 471 389 456 2050 1780 1530
19 M 49 178 158 153 181 169 157 4535 4071 3859 871 643 521 1750 1690 1580
20 F 45 97 103 95 106 119 115 2748 2894 3043 369 428 336 1530 1440 1320
21 M 69 62 59 60 69 72 76 1695 17.69 14.83 175 131 125 670 750 720
22 M 54 128 116 103 135 118 109  39.67 37.81 33.57 561 535 595 1430 1520 1570
23 M 74 136 142 130 146 158 140 4583 4157 3932 711 524 561 1640 1460 1520
24 M 81 56 61 67 63 59 68 1596 18.01 1743 342 456 489 2010 1740 1690
25 M 46 80 78 71 86 89 95 1795 1989 2146 574 365 313 1320 1350 1240
26 F 62 82 87 93 75 91 93 21.83  20.02 23.74 329 287 241 1060 890 670
27 F 57 92 102 98 64 78 81 29.73 3125 3584 481 385 351 1530 1240 980
28 M 45 67 65 60 81 76 80 1582 1636 19.67 123 163 189 720 560 430
29 M 67 85 87 79 94 90 83 2085 2356 1945 275 305 242 590 430 560
30 M 74 73 79 84 85 91 87 16.72  17.83 1887 386 267 232 980 780 640

observed in AFP (Figure 6B). These results demonstrate
that sorafenib therapy inhibits HGF secretion in patients
with hepatocellular carcinoma.

Sorafenib attenuates HGF-Met signaling in
hepatocellular carcinoma cells previously activated
by polarized macrophage-conditioned medium

Aberrant HGF-Met activation reportedly promotes
tumor cell proliferation and metastasis via growth
factor receptors and other oncogenic receptor pathways
[13], and we found that sorafenib markedly inhibited
HGF expression in polarized macrophages. To further
investigate whether sorafenib inhibits macrophage-
induced EMT and migration of hepatocellular carcinoma

cells via the HGF-Met signaling pathway, we used
real-time PCR to examine mRNA expression of HGF
receptor Met and the TGF-B receptor TGFBR2 in
HepG2 and HL7702 cells cultured with the supernatant
from polarized macrophages. The results indicated that
after being cultured with the supernatant of polarized
macrophages, Met expression in HepG2 cells was 9.28-
fold higher than that in HL7702 cells (Figure 7A).
When polarized macrophages were pretreated with
sorafenib, the expression of Met in HepG2 cells was
significantly decreased. By contrast, this phenomenon
was not observed in HL7702 cells (Figure 7A). We
also examined TGFBR2 expression in HepG2 and
HL7702 cells. The data showed that the expression of
TGFBR2 in HL7702 cells was 1.79-fold higher than that
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in HepG2 cells. However, sorafenib treatment did not
inhibit TGFBR2 expression in either HepG2 or HL7702
cells (Figure 7A).

We also used western blot analysis to examine
the activation of HGF-Met signaling in HepG2 and
HL7702 cells (Figure 7B and statistical analysis in
Supplementary Figure 3). Met protein expression was
not significantly altered in HepG2 cells regardless of
whether the polarized macrophages were treated with
sorafenib. Because the Met signaling pathway depends
mainly on Met phosphorylation, we examined the
expression of phosphorylated Met. The expression levels
of phosphorylated Met at two sites, pMet Y 1234/1235
and pMet Y1349, in HepG2 cells were increased
after stimulation with the supernatant of polarized
macrophages, and sorafenib pretreatment decreased the
protein expression levels of pMet Y 1234/1235 and pMet
Y 1349. By contrast, Met, pMet Y 1234/1235, and pMet
Y 1349 protein expression levels were not significantly
changed in HL7702 cells whether or not the polarized
macrophages were treated with sorafenib. Taken
together, these results indicate that sorafenib blocks only
polarized macrophage-activated HGF-Met signaling in
hepatocellular carcinoma cells.

DISCUSSION

In this study, we investigated whether sorafenib
could affect hepatocellular carcinoma microenvironment
and alter the interaction between macrophages and
hepatocytes. We found that sorafenib suppressed
macrophage infiltration in a patient with hepatocellular
carcinoma (Figure 1). We used in vitro experiments to
demonstrate that polarized macrophage couldinduce
EMT (Figure 2 and 3) and cellular migration (Figure 4)
in HepG?2 cells, which is a type of human hepatocellular
carcinoma cell. This effect was not observed in HL7702
cells, a normal human liver cell, suggesting that sorafenib
decreased the tumor microenvironment formation
and inhibited the promoting effect of macrophages on
EMT and migration of hepatocellular carcinoma cells.
Moreover, the effect of sorafenib on the relationship
between macrophages and normal hepatocytes was much
smaller.

Previous studies have reported that macrophage-
derived cytokines stimulate the progression of EMT.
Thus, we examined the cytokines activating EMT in
polarized macrophages. Among these cytokines, TGF-$1
is considered to be the most important activator of EMT,
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Figure 6: Sorafenib therapy reduces plasma HGF and alpha-fetoprotein concentrations in patients with hepatocellular
carcinoma. The plasma from patients with hepatocellular carcinoma was collected before and after sorafenib therapy. A. Alanine
transaminase, (ALT), aspartate aminotransferase (AST), and bilirubin levels were analyzed before and 12 or 24 weeks after sorafenib
therapy. B. Alpha-fetoprotein and HGF concentrations were determined before and after 12 or 24 weeks of sorafenib treatment. *P < 0.05.
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inducing EMT through various pathways [28, 37—40].
In addition, TGF-B1 can interact with other cytokines to
regulate the progression of EMT, such as IL-6, IL-10, and
EGF [12, 52-54]. Thus, we investigated the expression
of these cytokines in polarized macrophages. However,
the expression levels of IL-6, IL-10, and EGF were not
consistent with the morphological changes in EMT
(data not shown), and the expression of TGF-f1 was
not significantly altered (Figure 5A). Only the secretion
of HGF was consistent with EMT (Figure 5A and 5C).
In addition, the mRNA expression level for HGF in
macrophages was 100-fold higher than that in HepG2 or
HL7702 cells (Figure 5B). These data revealed that HGF
stimulated EMT through paracrine modes of action.

HGEF is a pleiotropic growth factor originally isolated
from rat platelets [55]. It is the most potent growth factor
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for hepatocytes, and its receptor Met is also expressed on
normal hepatocytes [56]. Aberrant HGF-Met activation
has been observed in many tumors, promoting cellular
proliferation and metastasis via growth factor receptors
and other oncogenic receptor pathways to facilitate cancer
progression [13, 57]. The results of the present study
demonstrated that sorafenib attenuated HGF secretion
in polarized macrophages (Figure 5). Sorafenib also
inhibited polarized macrophage-induced Met activation in
hepatocellular carcinoma cells (Figure 7), suggesting that
sorafenib inhibited macrophage-induced EMT and migration
of hepatocellular carcinoma cells via the HGF-Met signaling
pathway. The expression of Met was much lower in HL7702
cells than that in HepG2 cells (Figure 7B), which was one
reason that polarized macrophages could not induce EMT
and cellular migration in HL7702 cells.
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Figure 7: Polarized macrophages pretreated with sorafenib inhibit HGF-Met signaling in HepG2 cells. A. HepG2 and HL7702
cells (2 x 10° cells/well) were cultured with the supernatant of polarized macrophages that were stimulated under the following conditions: 0,
DMSO + LPS; 0.3, sorafenib (0.3 pg/mL) + LPS; 1.2, sorafenib (1.2 pg/mL) + LPS. Quantitative PCR analysis of relative mRNA (Rel mRNA)
expression levels for the HGF receptor MET and the TGF-B1 receptor TGFBR2 in HepG2 and HL7702 cells. Data were expressed as fold
amplification over HepG2 0 group following normalization with Gapdh. Data were expressed as mean = SD, *P < 0.05. B. HepG2 and HL7702
cells were cultured with the supernatant of polarized macrophages (M®) that were stimulated under the following conditions: mock, DMSO;
M®, DMSO + LPS; M® + SORA, sorafenib (1.2 pg/mL) + LPS. HGF-Met signaling-related proteins pMet (Tyr1234/1235; D26), pMet
(Tyr1349; 130H2), and Met (D1C2) were analyzed by western blot. GAPDH was used as a loading control.
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The mRNA levels of HGF and Met in
hepatocellular carcinoma are markedly increased
compared with those in common liver cells [58]. A
high serum HGF concentration is associated with poor
prognosis after hepatic resection, and the serum HGF
concentration represents the degree of the carcinogenic
state of the liver in patients with chronic hepatitis C
virus infection and cirrhosis [59-61]. Our findings
showed plasma HGF and AFP concentrations were
also reduced in patients receiving sorafenib therapy
(Figure 6B), consistent with the results from our in vitro
experiments. This effect of sorafenib, together with its
anti-angiogenic activity, can contribute to additional
clinical benefits against metastatic and aggressive
phenotypes in patients with hepatocellular carcinoma.

MATERIALS AND METHODS

Patients and follow-up

The liver biopsy specimens were obtained from
the Second Affiliated Hospital of Chongqing Medical
University. The patients’ plasma was from Affiliated
Provincial Hospital of Anhui Medical University. The
HCC diagnosis was according to the standard of American
Association for the Study of Liver Diseases. The patient
inclusion followed the following criteria: (a) diagnosed
as advanced hepatocellular carcinoma; (b) computed
tomography detection could define tumor morphology;
(c) no other primary tumor; (d) no combination with
other radiotherapy or chemotherapy. The initial dose of
sorafenib was 800 mg daily, and the dosage was adjusted
according to the patient's condition.

Informed consent was obtained from all subjects.
The study protocol conformed to the ethical guidelines
of the 1975 Declaration of Helsinki. We also obtained
approval for this study from our institutional ethics
committees.

Cell lines

THP1, HepG2 cells were obtained from American
Type Culture Collection (ATCC, Manassas, VA). HL7702
cells were obtained from Cell bank of Chinese Academy of
Science (Shanghai, China). Cells were cultured according
to the manufacturer’s instructions.

Cell culture and treatment

Human liver cell line HL7702 and human liver
carcinoma cell line HepG2 were cultured in RPMI 1640
medium (Hyclone, Logan, UT, USA) with 10% fetal
bovine serum (FBS), 100 units/ml penicillin, 100 mg/
ml streptomycin medium (Hyclone), and incubated in a
humidified incubator containing 5% CO2 at 37°C. Human
monocyte cell line THP1 was stimulate with phorbol

myristate acetate (PMA) (0.1uM, Invitrogen, Carlsbad,
CA) for 3 hours, and then washed twice to remove PMA
and seeded on 12-well plates (1x10° cells/well) for 24 hours
to generate polarized macrophages (Supplementary Figure
1). Sorafenib (Nexavar, BAY 43-9006, Germany) or DMSO
(Sigma-Aldrich, St. Louis, MO, USA) carrier (mock) was
added to cell culture for 3 hours. Treatment was followed by
a medium exchange and stimulate with LPS (1ng/mlSigma-
Aldrich, St. Louis, MO) for 24 hours. The supernatant of
polarized macrophage was collected and centrifugated at
15,294xg for 15 min to remove cell debris.

Wound healing assay

The method used for the wound healing assay
has been previously described [62]. Briefly, the cells
were plated onto 24-well plates and incubated in RPMI
1640 medium containing 10% FBS until they reached
subconfluence. Wound healings were introduced to the
subconfluent cell monolayer, using a plastic pipette tip.
The cells were then cultured with the supernatant of
polarized macrophage. After 24 hours, the wound healing
area was photographed using a light microscope (IX71;
Olympus). The wound distance from edge to edge was
measured and averaged from 5 points per 1| wound area,
using Imagine Pro Plus software. The 2 wound areas were
evaluated in an experiment and the experiment was done
in triplicate.

Transwell and migration assay

Polarized macrophage (12-well plate, 1x10°¢ cells/
well) treated with sorafenib or mock for 3 hours, and then
the medium was exchanged. Transwells (0.4um pores;
Corning Inc., Corning, NY, USA) carrying 1x10° HepG2
or HL7702 cells were subsequently placed on top of the
cultured macrophage for 24 hours. Migration assays were
modified by 8 um pore transwells (Corning) carrying 2x10*
HepG2 or HL7702 cells. The cells to be analyzed (2x10*
cells/well) were seeded onto the upper chambers, and the
upper chambers were placed into the lower chambers of
24-well culture dishes containing macrophage treated or
untreated with sorefenib. After incubation for 36 hours,
the media in the upper chambers were aspirated and the
nonmigrated cells on the inner sides of the membranes were
removed using a cotton swab. The cells that had migrated
to the outer side of the membranes were stained with 0.1%
crystal violet stain solution, and then counted using a light
microscope. Migrated cells were averaged from 5 fields per
1 chamber and 3 chambers were used on 1 experiment.

Quantitative real-time polymerase chain reaction
(real-time qPCR)

Total RNA was extracted from cells using Trizol
(Invitrogen, Carlsbad, CA). M-MLV Transcriptase
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(Invitrogen) was wused for reverse transcription.
Quantitative real-time PCR was performed using
Premix Ex Taq (Takara, Japan). The expression levels
of target genes were normalized to the housekeeping
gene Gapdh and the results were calculated by AACt
[63]. The primers used for real-time PCR are listed in
Supplementary Table 1.

Enzyme linked immunosorbent assay (ELISA)

The supernatant cytokines were quantified by ELISA
for HGF (R&D Systems) according to the manufacturer’s
instructions.

Morphologic analysis

HepG2 and HL7702 cells (2x10° cells/well) were
seeded in 6-well tissue culture dishes. Twenty-four hours
after incubation, the medium was exchanged with the
supernatant of polarized macrophage. After 48 hours,
the cells were analyzed using a light microscope (IX71;
Olympus).

Western blot

Western blot analysis was performed as previously
described [64]. Briefly, total cell lysates were prepared,
and proteins were separated by SDS-PAGE and then
transferred to the Immunobilon-P transfer membranes
(Millipore, Billerica, Massachusetts). The membranes
were washed, blocked, and incubated with the specific
primary anti-human antibodies against Vimentin
(D21H3), N-Cadherin, ZO-1(D1D12), Snail(C15D3),
Slug(C19G7), E-Cadherin, pMet(Tyr1234/1235)(D26),
pMet(Tyr1349)(130H2), Met(D1C2) and GAPDH,
followed by incubation with HRP-labeled anti-rabbit
secondary antibody (all from Cell Signaling Technology,
Beverly, MA).

Immunohistochemistry

Immunohistochemistry analysis was performed
as described previously [64]. Primary anti-human
antibodies against CD68 (PG-M1), Fibronectin and HRP
labeled secondary antibodies were from Dako (Glostrup,
Denmark); Primary antibody Vimentin (D21H3) was from
Cell Signaling Technology (Beverly, MA).

Statistical analysis

All data are presented as mean + standard deviation
(SD). Comparisons were made with Student’s t test. All
experiments were replicated two or three times, with
similar results. P < 0.05 was considered statistically
significant.

ACKNOWLEDGMENTS

We would like to thank Pro. Zhe-Xiong Lian for
experimental support, and all our colleagues for valuable
discussions.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

GRANT SUPPORT

Financial support provided by the National
Basic Research Program of China (973 Program-
2010CB945300, 2013CB944900), the National Natural
Science Foundation of China (No. 81402474, 81571540,
81272398), the Anhui Provincial Natural Science
Foundation (No. 1508085QH169, 1408085MKL71),
and the Chongqing Natural Science Foundation
(cstc2012j;A10088)

REFERENCES

1. El-Serag HB. Hepatocellular carcinoma. N Engl J Med.
2011;365:1118-27.

2. Zhu XD, Zhang JB, Zhuang PY, Zhu HG, Zhang W, Xiong
YQ, Wu WZ, Wang L, Tang ZY, Sun HC. High expression
of macrophage colony-stimulating factor in peritumoral
liver tissue is associated with poor survival after curative
resection of hepatocellular carcinoma. J Clin Oncol. 2008;
26:2707-16.

3. Zhou J, Ding T, Pan WD, Zhu LY, Li L, Zheng LM.
Increased intratumoral regulatory T cells are related
to intratumoral macrophages and poor prognosis in
hepatocellular carcinoma patients. Int J Cancer. 2009;
125:1640-8.

Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nat Rev Cancer. 2004; 4:71-8.

5. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E,
Blanc JF, de Oliveira AC, Santoro A, Raoul JL, Forner A,
Schwartz M, Porta C, Zeuzem S, et al. Sorafenib in advanced
hepatocellular carcinoma. N Engl ] Med. 2008; 359:378-90.

6. Wilhelm S, Carter C, Lynch M, Lowinger T, Dumas J,
Smith RA, Schwartz B, Simantov R, Kelley S. Discovery
and development of sorafenib: a multikinase inhibitor for
treating cancer. Nat Rev Drug Discov. 2006; 5:835-44.

7. Thiery JP, Sleeman JP. Complex networks orchestrate
epithelial-mesenchymal transitions. Nat Rev Mol Cell Biol.
2006; 7:131-42.

8. Peinado H, Olmeda D, Cano A. Snail, Zeb and bHLH
factors in tumour progression: an alliance against the
epithelial phenotype? Nat Rev Cancer. 2007; 7:415-28.

9. Hugo H, Ackland ML, Blick T, Lawrence MG, Clements
JA, Williams ED, Thompson EW. Epithelial--mesenchymal

www.impactjournals.com/oncotarget

38302

Oncotarget



and mesenchymal--epithelial transitions in carcinoma
progression. J Cell Physiol. 2007; 213:374-83.

26.

Ryder M, Ghossein RA, Ricarte-Filho JC, Knauf JA, Fagin
JA. Increased density of tumor-associated macrophages

10. Tsuji T, Ibaragi S, Hu GF. Epithelial-mesenchymal is associated with decreased survival in advanced thyroid
transition and cell cooperativity in metastasis. Cancer Res. cancer. Endocr Relat Cancer. 2008; 15:1069-74.
2009; 69:7135-9. 27. Steidl C, Lee T, Shah SP, Farinha P, Han G, Nayar T,
11. Yamada D, Kobayashi S, Wada H, Kawamoto K, Marubashi Delaney A, Jones SJ, Igbal J, Weisenburger DD, Bast MA,
S, Eguchi H, Ishii H, Nagano H, Doki Y, Mori M. Role of Rosenwald A, Muller-Hermelink HK, Rimsza LM, Campo
crosstalk between interleukin-6 and transforming growth E, Delabie J, Braziel RM, Cook JR, Tubbs RR, Jaffe ES,
factor-beta 1 in epithelial-mesenchymal transition and Lenz G, Connors JM, Staudt LM, Chan WC, Gascoyne
chemoresistance in biliary tract cancer. Eur J Cancer. 2013; RD. Tumor-associated macrophages and survival in classic
49:1725-40. Hodgkin's lymphoma. N Engl J Med. 2010; 362:875-85.
12. Abulaiti A, Shintani Y, Funaki S, Nakagiri T, Inoue M, 28. Nawshad A, Lagamba D, Polad A, Hay ED. Transforming
Sawabata N, Minami M, Okumura M. Interaction between growth factor-beta signaling during epithelial-mesenchymal
non-small-cell lung cancer cells and fibroblasts via transformation: implications for embryogenesis and tumor
enhancement of TGF-beta signaling by IL-6. Lung Cancer. metastasis. Cells Tissues Organs. 2005; 179:11-23.
2013; 82:204-13. 29. Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-
13. Gentile A, Trusolino L, Comoglio PM. The Met tyrosine mesenchymal transitions in development and disease. Cell.
kinase receptor in development and cancer. Cancer 2009; 139:871-90.
Metastasis Rev. 2008; 27:85-94. 30. Wu Y, Deng J, Rychahou PG, Qiu SM, Evers BM, Zhou
14. Moreno-Bueno G, Portillo F, Cano A. Transcriptional BPH. Stabilization of Snail by NF-kappa B Is Required for
regulation of cell polarity in EMT and cancer. Oncogene. Inflammation-Induced Cell Migration and Invasion. Cancer
2008; 27:6958-69. Cell. 2009; 15:416-28.
15. Wheelock MJ, Shintani Y, Maeda M, Fukumoto Y, Johnson 31. Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou
KR. Cadherin switching. J Cell Sci. 2008; 121:727-35. AY, Brooks M, Reinhard F, Zhang CC, Shipitsin M,
16. Llovet JM. Updated treatment approach to hepatocellular Campbell LL, Polyak K, Brisken C, Yang J, Weinberg RA.
carcinoma. J Gastroenterol. 2005: 40:225-35 The epithelial-mesenchymal transition generates cells with
o ' ties of stem cells. Cell. 2008; 133:704-15.
17. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer properties 0. stemm eelis Cé o 7 o
statistics, 2002. CA Cancer J Clin. 2005; 55:74-108. 32. Yaﬁg 1, We‘“zergflz’* ]?p“he“al‘“;esemhymal ”a‘?S“]l)O“’
18. Quail DF, Joyce JA. Microenvironmental regulation of tumor ?:tet]le chgzs_r(l): 88 1‘; zgve opment and tumor metastasis. Dev
progression and metastasis. Nat Med. 2013; 19:1423-37. 3 vl ’ M’Ch.' k "G EMT. th el d
. t . t! t 1
19. Joyce JA, Pollard JW. Microenvironmental regulation of celllnilzf/asi,on gzsc:rnMetastas;s I:e(\:/y ;S 0;62(;;’1 2113 3cancer
metastasis. Nat Rev Cancer. 2009; 9:239-52. 34 Polvak K B bere RA. Transii .b T i 1'.1 q
. . t t t
20. Sica A, Allavena P, Mantovani A. Cancer related olyak K, Weinberg ‘r‘aI.1s1 rons e. ween epithelial an
. . . mesenchymal states: acquisition of malignant and stem cell
inflammation: the macrophage connection. Cancer Lett. traits. Nat Rev Cancer. 2009: 9:265-73
2008; 267:204-15. ; ez eet e D i
21. Lin EY, Pollard JW. Role of infiltrated leucocytes in tumour 35. Gocheva V, Zeng W, Ke D, 1r.ns.tra » helmfiecxe o
Peters C, Hanahan D, Joyce JA. Distinct roles for cysteine
growth and spread. Br J Cancer. 2004; 90:2053-8. . . ; . .
cathepsin genes in multistage tumorigenesis. Genes Dev.
22. Tse JC, KillurilR. Mec_:l}anismsd of met_astajsis: epfithelial- 2006; 20:543-56.
to- t t t t t
o.mesenc.: ymat franst 1on. and comribution of tumor 36. Orlichenko LS, Radisky DC. Matrix metalloproteinases
microenvironment. J Cell Biochem. 2007; 101:816-29. . . .. .
) stimulate epithelial-mesenchymal transition during tumor
23. Shabo I,. Stal ;), (];llsz(;n H, Dore Sk,1 Svanvik J. Breast cancer development. Clin Exp Metastasis. 2008; 25:593-600.
t
fxfrf:?gri © ;1 di ,tailtniacr(fr) ::ge :Iclzvrerzlger Zlec?t)i 0; 37. Bhowmick NA, Ghiassi M, Bakin A, Aakre M, Lundquist
s e' ec 1o cally €18 courrence educed patie CA, Engel ME, Arteaga CL, Moses HL. Transforming
survival. Int J Cancer. 2008; 123:780-6. . . .
] growth factor-beta 1 mediates epithelial to mesenchymal
24. Ho CC, Liao WY, Wang CY, Lu YH, Huang HY, C}.len transdifferentiation through a RhoA-dependent mechanism.
HY, Chan WK, Chen HW, Yang PC. TREM-1 expression Mol Biol Cell. 2001 12:27-36.
in tumor-associated ma.crop.hages and clinical outcome in 38. Gal A, Sjoblom T, Fedorova L, Imreh S, Beug H,
lung cancer. Am J Respir Crit Care Med. 2008; 177:763-70. .
) Moustakas A. Sustained TGF beta exposure suppresses
25. Chen JJ’. Lin YC, Yao PL, Yuan A, Chen HY, Shun Smad and non-Smad signalling in mammary epithelial
CT, Tsai MF, Chen CH, Yang PC. Tumorjassomated cells, leading to EMT and inhibition of growth arrest and
macrophages: the double-edged sword in cancer apoptosis. Oncogene. 2008; 27:1218-30.
progression. J Clin Oncol. 2005; 23:953-64.
www.impactjournals.com/oncotarget 38303 Oncotarget



39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Bakin AV, Tomlinson AK, Bhowmick NA, Moses HL,
Arteaga CL. Phosphatidylinositol 3-kinase function is
required for transforming growth factor beta-mediated
epithelial to mesenchymal transition and cell migration. J
Biol Chem. 2000; 275:36803-10.

Vincent T, Neve EP, Johnson JR, Kukalev A, Rojo F,
Albanell J, Pietras K, Virtanen I, Philipson L, Leopold PL,
Crystal RG, de Herreros AG, Moustakas A, Pettersson RF,
Fuxe J. A SNAILI1-SMAD3/4 transcriptional repressor
complex promotes TGF-beta mediated epithelial-
mesenchymal transition. Nat Cell Biol. 2009; 11:943-50.

Lu Z, Ghosh S, Wang Z, Hunter T. Downregulation of
caveolin-1 function by EGF leads to the loss of E-cadherin,
increased transcriptional activity of beta-catenin, and
enhanced tumor cell invasion. Cancer Cell. 2003; 4:499-515.
Brabletz T, Jung A, Reu S, Porzner M, Hlubek F, Kunz-
Schughart LA, Knuechel R, Kirchner T. Variable beta-
catenin expression in colorectal cancers indicates tumor
progression driven by the tumor environment. Proc Natl
Acad Sci U S A. 2001; 98:10356-61.

Radisky DC, Levy DD, Littlepage LE, Liu H, Nelson CM,
Fata JE, Leake D, Godden EL, Albertson DG, Nieto MA,
Werb Z, Bissell MJ. Raclb and reactive oxygen species
mediate MMP-3-induced EMT and genomic instability.
Nature. 2005; 436:123-7.

Franci C, Takkunen M, Dave N, Alameda F, Gomez S,
Rodriguez R, Escriva M, Montserrat-Sentis B, Baro T,
Garrido M, Bonilla F, Virtanen I, Garcia de Herreros A.
Expression of Snail protein in tumor-stroma interface.
Oncogene. 2006; 25:5134-44.

Bates RC, Mercurio AM. Tumor necrosis factor-alpha
stimulates the epithelial-to-mesenchymal transition of human
colonic organoids. Mol Biol Cell. 2003; 14:1790-800.

Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S,
Siebels M, Negrier S, Chevreau C, Solska E, Desai AA,
Rolland F, Demkow T, Hutson TE, Gore M, Freeman
S, Schwartz B, Shan M, Simantov R, Bukowski RM.
Sorafenib in advanced clear-cell renal-cell carcinoma. N
Engl J Med. 2007; 356:125-34.

Zhu AX, Clark JW. Commentary: Sorafenib use in patients
with advanced hepatocellular carcinoma and underlying
Child-Pugh B cirrhosis:
Oncologist. 2009; 14:67-9.
Pinter M, Sieghart W, Graziadei I, Vogel W, Maieron A,
Konigsberg R, Weissmann A, Kornek G, Plank C, Peck-
Radosavljevic M. Sorafenib in unresectable hepatocellular

evidence and controversy.

carcinoma from mild to advanced stage liver cirrhosis.
Oncologist. 2009; 14:70-6.

Yau T, Chan P, Ng KK, Chok SH, Cheung TT, Fan
ST, Poon RT. Phase 2 open-label study of single-agent
sorafenib in treating advanced hepatocellular carcinoma
in a hepatitis B-endemic Asian population: presence of
lung metastasis predicts poor response. Cancer. 2009;
115:428-36.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS,
Luo R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H,
Liu J, Wang J, Tak WY, Pan H, Burock K, Zou J, Voliotis
D, Guan Z. Efficacy and safety of sorafenib in patients
in the Asia-Pacific region with advanced hepatocellular
carcinoma: a phase III randomised, double-blind, placebo-
controlled trial. Lancet Oncol. 2009; 10:25-34.

Wilhelm SM, Carter C, Tang L, Wilkie D, McNabola A,
Rong H, Chen C, Zhang X, Vincent P, McHugh M, Cao
Y, Shujath J, Gawlak S, et al. BAY 43-9006 exhibits broad
spectrum oral antitumor activity and targets the RAF/MEK/
ERK pathway and receptor tyrosine kinases involved in
tumor progression and angiogenesis. Cancer Res. 2004;
64:7099-1009.

Martin FT, Dwyer RM, Kelly J, Khan S, Murphy JM,
Curran C, Miller N, Hennessy E, Dockery P, Barry FP,
O'Brien T, Kerin MJ. Potential role of mesenchymal stem
cells (MSCs) in the breast tumour microenvironment:
stimulation of epithelial to mesenchymal transition (EMT).
Breast Cancer Res Treat. 2010; 124:317-26.

Uttamsingh S, Bao X, Nguyen KT, Bhanot M, Gong J, Chan
JL, Liu F, Chu TT, Wang LH. Synergistic effect between
EGF and TGF-betal in inducing oncogenic properties of
intestinal epithelial cells. Oncogene. 2008; 27:2626-34.
Liu CY, Xu JY, Shi XY, Huang W, Ruan TY, Xie P, Ding
JL. M2-polarized tumor-associated macrophages promoted
epithelial-mesenchymal transition in pancreatic cancer
cells, partially through TLR4/IL-10 signaling pathway. Lab
Invest. 2013; 93:844-54.

Nakamura T. Hepatocyte growth factor as mitogen,

motogen and morphogen, and its roles in organ

regeneration. Princess Takamatsu Symp. 1994; 24:195-213.
Birchmeier C, Gherardi E. Developmental roles of HGF/
SF and its receptor, the c-Met tyrosine kinase. Trends Cell
Biol. 1998; 8:404-10.

Scagliotti GV, Novello S, von Pawel J. The emerging role
of MET/HGF inhibitors in oncology. Cancer Treat Rev.
2013; 39:793-801.

Yang H, Magilnick N, Noureddin M, Mato JM, Lu
SC. Effect of hepatocyte growth factor on methionine
adenosyltransferase genes and growth is cell density-
dependent in HepG2 cells. J Cell Physiol. 2007; 210:766-73.
Mizuguchi T, Nagayama M, Meguro M, Shibata T, Kaji S,
Nobuoka T, Kimura Y, Furuhata T, Hirata K. Prognostic
impact of surgical complications and preoperative serum
hepatocyte growth factor in hepatocellular carcinoma
patients after initial hepatectomy. J Gastrointest Surg. 2009;
13:325-33.

Chau GY, Lui WY, Chi CW, Chau YP, Li AF, Kao HL,
Wu CW. Significance of serum hepatocyte growth factor
levels in patients with hepatocellular carcinoma undergoing
hepatic resection. Eur J Surg Oncol. 2008; 34:333-8.
Yamagamim H, Moriyama M, Matsumura H, Aoki H,
Shimizu T, Saito T, Kaneko M, Shioda A, Tanaka N,

www.impactjournals.com/oncotarget

38304

Oncotarget



62.

Arakawa Y. Serum concentrations of human hepatocyte
growth factor is a useful indicator for predicting the
occurrence of hepatocellular carcinomas in C-viral chronic
liver diseases. Cancer. 2002; 95:824-34.

Tanaka K, Arao T, Maegawa M, Matsumoto K, Kaneda
H, Kudo K, Fujita Y, Yokote H, Yanagihara K, Yamada
Y, Okamoto I, Nakagawa K, Nishio K. SRPX2 is
overexpressed in gastric cancer and promotes cellular
migration and adhesion. Int J Cancer. 2009; 124:1072-80.

63.

64.

Zhou R, Wei H, Sun R, Tian Z. Recognition of double-
stranded RNA by TLR3 induces severe small intestinal
injury in mice. J Immunol. 2007; 178:4548-56.

Deng YR, Ma HD, Tsuneyama K, Yang W, Wang YH, Lu
FT, Liu CH, Liu P, He XS, Diehl AM, Gershwin ME, Lian
ZX. STAT3-mediated attenuation of CCl4-induced mouse
liver fibrosis by the protein kinase inhibitor sorafenib. J
Autoimmun. 2013; 46:25-34.

www.impactjournals.com/oncotarget

38305

Oncotarget



