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Most hepatocellular carcinomas (HCCs) develop in the context of chronic liver

inflammation. Oxidative stress is thought to play a major role in the pathogene-

sis of HCC development. In this study, we examined whether cold-inducible RNA-

binding protein (Cirp) controls reactive oxygen species (ROS) accumulation and

development of HCC by using murine models of hepatocarcinogenesis and

human liver samples. Cirp expression, ROS accumulation, and CD133 expression

were increased in the liver of tumor-harboring mice. Cirp deficiency reduced pro-

duction of interleukin-1b and interleukin-6 in Kupffer cells, ROS accumulation,

and CD133 expression, leading to attenuated hepatocarcinogenesis. Thioaceta-

mide treatment enhanced hepatic expression of CD133 and phosphorylated signal

transducer and activator of transcription 3 (STAT3), which was prevented by

treatment with the antioxidant butylated hydroxyanisole. Intriguingly, the risk of

human HCC recurrence is positively correlated with Cirp expression in liver. Cirp

appears to play a critical carcinogenic function and its expression might be a use-

ful biomarker for HCC risk prediction.

H epatocellular carcinoma is the most common form of liver
cancer and the third leading cause of cancer deaths world-

wide, and is usually associated with a very poor prognosis.(1) In
addition to chronic exposure to toxic chemicals, chronic infec-
tions with hepatitis B virus or hepatitis C virus as well as non-
alcoholic steatohepatitis are the major risk factors for HCC.(2,3)

Oxidative stress is thought to play a major role in the pathogen-
esis of cancer development.(4,5) The great majority of HCC
cases arise in the setting of chronic liver disease and usually
present when that disease process is at a cirrhotic stage, a final
irreversible stage of chronic inflammation.(6,7) Progression of
chronic liver disease is associated with hepatocyte death and a
subsequent inflammatory response, both of which involve ROS
accumulation in the liver.(8) Thus, the risk of hepatocarcinogen-
esis depends on background liver factors. However, the underly-
ing molecular mechanisms linking ROS and cancer remain to
be fully explored.
The concept that tumors are maintained by dedicated stem

cells, the so-called cancer stem cell hypothesis, has attracted
much interest. According to this hypothesis, cancer cannot
be viewed as simple monoclonal expansions of functionally
equal tumor cells. Instead, only a small minority of tumor
cells, the cancer stem cells or tumor-initiating cells, have the
ability to maintain the malignant population.(9,10) CD133, a

transmembrane glycoprotein, is a valuable marker of cancer
stem cells.(11) Sox2, a member of the Sox HMG box family of
transcription factors, has been shown to participate in repro-
gramming of adult somatic cells to a pluripotent stem cell state
and has been implicated in tumorigenesis in various
organs.(12,13) In the malignant transformation of foregut basal
progenitor cells, Sox2 cooperates with inflammation-mediated
STAT3 activation.(14)

The chemical thioacetamide (TAA) can induce liver cirrho-
sis and cancer of the bile ducts when given to rats over a per-
iod of several months.(15) Previously, we found that mice
given TAA for 10 months develop HCC rather than cholangio-
cellular carcinoma subsequent to appearance of liver fibrosis,
thus providing a model that closely mimics the natural history
of human chronic liver disease.(16) In addition, the histology of
the TAA-exposed rat liver was reported to resemble human
liver cirrhosis.(17) Thus, the mouse TAA model may be suit-
able for studying the relationship between inflammation and
hepatocarcinogenesis and allows studies to be carried out that
are of relevance to human chronic liver disease such as
hepatitis C virus-related liver disease and non-alcoholic
steatohepatitis.
Cold-inducible RNA-binding protein (Cirp, also called Cirbp

and hnRNP A18), originally identified as the first mammalian
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cold shock protein,(18) is induced by cellular stresses such as
UV irradiation and hypoxia.(19–21) and is suggested to mediate
the preservation of neural stem cells.(22) In response to the
stress, Cirp, which migrates from the nucleus to the cytoplasm,
affects post-transcription expression of its target mRNAs(23–25)

and functions as a damage-associated molecular pattern mole-
cule that promotes inflammatory responses when expressed
extracellularly.(26) Cirp also affects cell growth and cell death
induced by TNF-a or genotoxic stress.(27,28) Recently, Cirp
was found to link inflammation and tumorigenesis in colitis-
associated cancer.(29) However, the involvement of Cirp in
HCC development is not well understood.
Here we examined whether Cirp plays a role in tumorigene-

sis in the liver by using Cirp-deficient (Cir�/�) mice and found
that Cirp increases ROS accumulation and CD133 expression,
leading to enhanced liver tumorigenesis. This represents the
first report of the functional link between Cirp and hepatocar-
cinogenesis.

Materials and Methods

Mice and treatment. The generation of Cirp�/� mice has
been described previously.(30) The animals showed neither
gross abnormality nor hepatic inflammation. Sex- and age-
matched C57BL ⁄6 WT and Cirp�/� mice (8–12 weeks old)
were given 0.03% TAA (Sigma, St. Louis, MO, USA) in
drinking water. After 2 and 10 months on normal chow, mice
were killed and analyzed for presence of fibrosis and HCCs.
Wild-type mice were fed either butylated hydroxyanisole-con-
taining (0.7%) or regular chow and treated with TAA for
8 weeks. Two-week old male WT and Cirp�/� mice were
injected i.p. with 25 mg ⁄kg DEN (Sigma). After 8 months on
normal chow, mice were killed and their livers were removed
and analyzed for the presence of HCCs. Kupffer cells were
isolated as described before.(31)

Biochemical and immunochemical analyses. Real-time qPCR,
immunoblotting, and immunohistochemistry were previously
described.(18,29,32) Reverse transcription–PCR was carried out
with primers for mouse Cirp, 50-gaggactcagcttcgacacc-30 and
50-ctccctgtcctttaccacca-30 and mouse CD133, 50-tcaaagggaccca-
gaaactg-30 and 50-gccttgttcttggtgttggt-30. Antibodies used were:
anti-actin (Sigma); anti-Sox2, anti-STAT3, anti-phospho-
STAT3 (Cell Signaling Technology, Danvers, MA, USA);
anti-PRMO1 (CD133; Abnova, Newmarket, UK); and anti-8-
OHdG (Japan Institute for the Control of Aging, Shizuoka,
Japan). Anti-Cirp antibody was described before.(30) Protein
oxidation was assessed by the OxyBlot Protein Oxidation
Detection Kit (Merck Millipore, Billerica, MA, USA). Immu-
nohistochemistry was carried out using ImmPRESS reagents
(Vector Laboratories, Burlingame, CA, USA) according to the
manufacturer’s recommendations. Hydroxyproline content was
assessed using Hydroxyproline Assay Kit (BioVision, Milpitas,
CA, USA).

Human tissue samples. Hepatocellular carcinoma tissues and
non-cancerous liver tissues were obtained from 12 patients
who had undergone curative hepatectomy for HCC at the
Kinki University Hospital (Osaka-Sayama, Japan). The speci-
mens used were routinely processed, formalin-fixed, and paraf-
fin-embedded. After H&E staining, all samples were diagnosed
as HCC. The HCC and non-cancerous specimens were frozen
and stocked at �80°C. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and was
approved by the institutional review boards. Written informed

consent was obtained from all patients for subsequent use of
their resected tissues.

Statistical analysis. Data are presented as means � SEM.
Differences were analyzed by Student’s t-test. P values <0.05
were considered significant.

Results

Attenuated hepatocarcinogenesis in Cirp�/� mice. Hepatocellu-
lar carcinoma is a paradigm for inflammation-induced cancer,
as it most frequently develops on grounds of chronic hepati-
tis, consecutive cellular damage, and compensatory regenera-
tion.(6) Wild-type and Cirp�/� mice were given 0.03% TAA
in drinking water. After 8 weeks of TAA treatment, we
observed inflammation and formation of fibrotic septa.(18)

Wild-type and Cirp�/� mice given TAA for 10 months
developed severe inflammation, fibrosis, and well-differenti-
ated HCCs (Figs 1a,S1a). Tumor sizes and numbers were
considerably smaller in Cirp�/� mice relative to similarly
treated WT mice (Fig. 1b). However, no significant difference
in liver fibrosis was found between WT and Cirp�/� mice
(Fig. S1b).

Cirp deficiency attenuated ROS accumulation in TAA-treated

liver. Cirp expression was increased in the liver of tumor-har-
boring mice given TAA for 10 months (Fig. 1c). A causal link
between oxidative stress and cancer was proposed.(4,16,33)

When mice were given TAA for 10 months, WT livers had
significantly higher levels of oxidized protein than Cirp�/� liv-
ers (Fig. 1d). Immunohistochemical analysis showed that 8-
OHdG-specific signals were observed in periportal cells
(Fig. 1e), including but not limited to Kupffer cells (Fig. S2),
and suggested that ROS accumulation was attenuated in Cirp�/

� mice (Fig. 1e).
Decreased expression of phosphorylated STAT3, Sox2, and

CD133 in Cirp�/� mice. Accumulation of ROS, which was
enhanced by Cirp (Fig. 1d,e), activates the transcription factor
STAT3 through src homology-containing phosphatase 1 ⁄ 2
inactivation in the absence of IKKb.(34) Deletion of Cirp
decreased expression of phosphorylated STAT3 in non-treated
and TAA-treated livers (Fig. 2). Activation of STAT3 is
required for liver cancer stem cell expansion and HCC forma-
tion.(34,35) Correspondingly, Cirp�/� mice were found to have
lower levels of Sox2 and CD133 protein than WT mice
(Fig. 2a,b). Immunohistochemical analysis was carried out to
identify the cells expressing Sox2 in the liver. In the normal
liver, neither hepatocytes nor inflammatory cells expressed
Sox2 protein, whereas in TAA-treated livers, Sox2 was
expressed in periportal parenchymal cells. Deletion of Cirp
decreased the number of Sox2-positive cells in TAA-treated
livers (Fig. 2c). Cirp deficiency was associated with decreased
CD133 mRNA levels both in livers and tumors (Fig. 2e).
However, the direct causal link between STAT3 and cancer
stem cells has not been established in this study. The reduced
stem cell marker expression seen in Cirp�/� mice would be
due to the secondary effects associated with reduced STAT3
activation and inflammation. Thus, Cirp-mediated STAT3 acti-
vation in inflammatory cells might regulate cancer stem cell
expansion through augmented inflammatory response in the
liver.
To evaluate the contribution of oxidative stress to CD133

upregulation in the liver, we placed a group of mice on
chow diet supplemented with the antioxidant butylated
hydroxyanisole. Mice kept on this diet showed a significant
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reduction in expression of CD133 and phosphorylated
STAT3 (Figs 2f,S3). Thus, CD133 expression is upregulated
at least partially through mechanisms that may depend on
ROS accumulation.

Cirp deficiency attenuated proinflammatory cytokine produc-

tion in Kupffer cells. We confirmed that Cirp was mainly
expressed in the resident liver macrophages called Kupffer
cells when mice were given TAA for 10 months (Fig. 3a).
Cirp disruption significantly inhibited production of IL-1b
and IL-6 in Kupffer cells (Fig. 3b) and attenuated inflamma-
tory response and hepatocyte death (Fig. 3c–e). To examine
the effect of Cirp on acute liver injury, serum ALT was
measured in mice given TAA for 2 months. No significant

difference was found between WT and Cirp�/� mice
(Fig. 3c). Chronic inflammation results in accumulation of
ROS.(16) Cirp would induce liver inflammation by enhancing
cytokine production in Kupffer cells, leading to ROS accu-
mulation.

Cirp deficiency inhibited DEN-induced hepatocarcinogene-

sis. After DEN injection on postnatal day 14, WT mice
develop well-differentiated HCCs but have neither chronic
inflammation nor fibrosis in the liver.(32,33,36) Tumor numbers
and sizes were smaller in Cirp�/� mice relative to similarly
treated WT mice, but the difference in tumor size was not sig-
nificant between WT and Cirp�/� mice (Fig. 4a,b). Cirp

(a)
(b)

(c) (d)

(e)

Fig. 1. Attenuated hepatocarcinogenesis in Cirp�/� mice. (a) Wild-
type and Cirp�/� mice were treated with thioacetamide (TAA) for
10 months. Typical examples of macroscopic tumorigenesis in the TAA
model are shown. In the lower panels, liver tumor sections were
examined using H&E staining. Scale bar = 200 lm. (b) Numbers and
maximum sizes of tumors in mice were determined (WT mice, n = 8;
Cirp�/� mice, n = 8). Results are means � SEM. *P < 0.05 versus WT
mice. (c) WT mice were treated with TAA for 2 or 10 months (mo) and
liver RNA was extracted from non-cancerous tissues (liver) and tumors.
Relative mRNA amounts of Cirp were determined by real-time quanti-
tative PCR and normalized to the amount of actin mRNA. The amount
of mRNA in untreated liver was given an arbitrary value of 1.0. Results
are means � SEM (n = 5). *P < 0.05 versus non-treated liver. (d) Ly-
sates of non-tumor liver tissue from TAA-treated mice were extracted
at the indicated time points and assessed by immunoblotting and
quantified using image analysis software. The amount of protein oxi-
dation in untreated liver was given an arbitrary value of 1.0. Results
are means � SEM (n = 4). *P < 0.05 versus WT mice. (e) Representative
immunostaining images of non-tumor and tumor tissues with anti-8-
hydroxy-20-deoxyguanosine antibody.

(a) (b)

(c)

(d) (e) (f)

Fig. 2. Decreased expression of phosphorylated (p-)STAT3, Sox2, and
CD133 in Cirp�/� mice. Wild-type and Cirp�/� mice were treated with
thioacetamide (TAA) for 10 months. (a, b) Homogenates of tumors (a)
and non-tumor liver tissues (b) were gel-separated and immunoblot-
ted with the indicated antibodies. Representative data are shown.
Cont., non-treated liver. (c) Representative immunostaining images of
non-tumor tissues with anti-Sox2 antibody. Cont., non-treated liver.
(d) The p-STAT3 ⁄ actin ratio was measured. Quantification of Western
blot bands was carried out using densitometry. *P < 0.05 compared
with WT mice. (e) RNA was extracted from tumors and non-tumor tis-
sues. Relative mRNA amounts of CD133 were determined by real-time
quantitative PCR and normalized to the amount of actin mRNA. The
amount of mRNA in untreated liver was given an arbitrary value of
1.0. Results are means � SEM (n = 6 per group). *P < 0.05 compared
with WT mice. (f) WT mice were fed either butylated hydroxyanisole
(BHA)-containing (0.7%) or regular chow and treated with TAA for
8 weeks. Relative amounts of mRNA were determined by real-time
quantitative PCR and normalized to the amount of actin mRNA. The
amount of CD133 mRNA in untreated liver was given an arbitrary
value of 1.0. Results are means � SEM (n = 4). *P < 0.05 compared
with mice fed regular chow.
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expression was increased in the liver of tumor-harboring mice,
but not in tumors (Fig. 4c). Wild-type mice had significantly
higher levels of oxidized protein than Cirp�/� mice (Fig. 4d).
Cirp�/� tumors were found to have lower levels of CD133
protein than WT tumors (Fig. 4e). There was no significant
difference in Sox2 expression between WT and Cirp�/�

tumors (data not shown).
Association between risk of HCC recurrence and Cirp expres-

sion in human liver. Intrahepatic HCC development after hepa-
tectomy is caused by de novo HCC development and ⁄or
metastasis from the resected HCCs. The risk of the former
depends on background liver factors, such as liver fibrosis,
whereas the risk of the latter mainly depends on the character-
istics of the resected HCCs.(37) Enhanced ROS accumulation
in non-cancerous liver was associated with increased risk for
HCC recurrence after hepatectomy.(16) In mouse models, Cirp
is involved in ROS accumulation and enhances de novo HCC
development. We examined whether this hypothesis is applica-
ble to humans. Immunohistochemical analysis showed that
Cirp was mainly expressed in the periportal areas (Fig. 5a). In
patients with HCC recurrence after hepatectomy, Cirp expres-
sion levels in the non-tumor tissues were significantly higher
than in those without HCC recurrence (Figs 5b,c,S4). These

data, coupled with the contribution of Cirp to tumorigenesis in
mice, suggest that elevated Cirp expression in inflammatory
cells is associated with increased risk of human HCC develop-
ment or recurrence.

Discussion

Hepatic progenitor cells are bipotential cells residing in normal
liver. Their proliferation is observed in reactive conditions of
the liver and in primary liver cancers. Hepatic progenitor cells,
found in the periportal areas, are believed to represent liver
stem cells. After genetic deregulation of the self-renewal path-
way, liver stem cells may transform into cancer stem
cells.(10,38) Here we found that Cirp disruption decreased
expression of cancer stem cell marker CD133 in the non-
tumorous liver and tumor of tumor-harboring mice and inhib-
ited tumorigenesis. Cirp might promote hepatocarcinogenesis
through cancer stem ⁄progenitor cell expansion.

(a)

(b) (c)

(d) (e)

Fig. 3. Cold-inducible RNA-binding protein (Cirp) deficiency attenu-
ated proinflammatory cytokine production in Kupffer cells. (a) Immu-
nohistochemistry was carried out on liver sections of thioacetamide
(TAA)-treated WT mice. Cells stained with indicated antibodies were
identified by confocal microscopy. (b) Production of interleukin (IL)-1b
and IL-6 mRNA was measured by real-time quantitative PCR in Kupffer
cells from WT and Cirp�/� mice. The amount of mRNA in hepatocytes
was given an arbitrary value of 1.0. Results are means � SEM (n = 4).
*P < 0.05 compared with WT mice. (c) ALT levels in serum were deter-
mined after 2 and 10 months (mo) of TAA treatment. Results are
means � SEM (n = 5). *P < 0.05 compared with WT mice. (d, e) Extent
of hepatocyte apoptosis was determined by TUNEL staining. Results
are means � SEM (n = 6). *P < 0.05 compared with WT mice.

(a)
(c)

(b) (d)

(e)

Fig. 4. Cold-inducible RNA-binding protein (Cirp) deficiency inhibited
DEN-induced hepatocarcinogenesis. WT and Cirp�/� mice were
injected with diethylnitrosamine (DEN) injection (25 mg ⁄ kg) and killed
8 months later. (a) Representative livers of WT and Cirp�/� mice. (b)
Tumor number (>0.5 mm) and tumor size in livers of WT (n = 8) and
Cirp�/� mice (n = 8). Data are means � SEM. *P < 0.05 compared with
WT mice. (c) Liver RNA was extracted from non-treated livers (Cont.),
non-tumor tissues, and tumors. Relative mRNA amounts of Cirp were
determined by real-time quantitative PCR and normalized to the
amount of actin mRNA. The amount of mRNA in untreated liver was
given an arbitrary value of 1.0. Results are means � SEM (n = 5).
*P < 0.05 compared with non-treated liver (Cont.). (d) Lysates of non-
tumor liver tissue from DEN-injected mice were extracted, assessed by
immunoblotting, and quantified using image analysis software. The
amount of protein oxidation in untreated liver was given an arbitrary
value of 1.0. Results are means � SEM (n = 4). *P < 0.05 versus WT
mice. (e) Lysates of non-treated liver (Cont.), tumor, and non-cancer-
ous liver tissue were assessed by immunoblotting with the indicated
antibodies.
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Reactive oxygen species and cellular oxidant stress are
associated with cancer, and elevated ROS level is a hallmark
of highly invasive cancer and high risk for HCC recur-
rence.(18,39,40) By contrast, there is a hypothesis that keeping
ROS levels low within cancer stem cells or tumor-initiating
cells is an important feature of stemness and offers protection
against the cell toxicities of ROS.(41,42) However, in prolifera-
tive neural stem cells, high levels of ROS regulate self-
renewal by driving PI3K ⁄AKT signaling.(43) After Apc loss,
Lgr5+ intestinal stem cell ⁄progenitor cell expansion is a criti-
cal process during colorectal tumor initiation and is dependent
on RAC1-driven ROS production.(44) In the absence of
p38MAPK, upregulation of Sox2 expression is dependent on
ROS accumulation.(16) Thus, the role of ROS in stem cell
maintenance, cellular transformation, and cancer stem cell
survival appears to be contextually and tissue-specific. Our
data suggest that Cirp disruption downregulated hepatic
CD133 expression partially through reduced ROS accumula-
tion.
Cold-inducible RNA-binding protein released into the circu-

lation stimulates the release of TNF-a from macrophages
through Toll-like receptor 4 and nuclear factor-jB activation,
and triggers an inflammatory response to hemorrhagic shock
and sepsis.(26) Cirp promotes the development of intestinal
inflammation and colorectal tumors through regulating apopto-
sis and production of TNF-a and IL-23.(29) In bone marrow-
derived macrophages, expression of IL-1b was decreased in
the absence of Cirp.(29) Here we have shown that Cirp upregu-
lated expression of IL-1b and IL-6 in Kupffer cells, resident
liver macrophages. Given that chronic liver inflammation
results in ROS accumulation in the liver,(16) the production of
proinflammatory cytokine would be one of mechanisms by
which Cirp regulates ROS accumulation. It should be noted,
however, that the direct causal link between Cirp and ROS

production has not been established in this study. In this
regard, the reduced ROS accumulation seen in the absence of
Cirp might be due to the secondary effects associated with
reduced inflammation. Consistently, 8-OHdG-positive cells
were mainly found in the periportal areas where many inflam-
matory cells are located.
In inflammatory bowel disease, chronic inflammation upre-

gulates Cirp expression and a major site of Cirp action is an
inflammatory cell.(29) The relative proportion of inflammatory
cells is lower in HCC tissues than in the surrounding liver tis-
sues. Consistently, Cirp expression was increased in the liver
of tumor-harboring mice given TAA for 10 months, but not in
tumors. Deletion of Cirp decreased expression of phosphory-
lated STAT3 in TAA-treated livers but not in tumors, which is
also caused by the decreased proportion of inflammatory cells
in tumors. Additionally, in tumor cells, the main cellular com-
ponent of HCC tissues, STAT3 activation could be regulated
independently of Cirp expression. STAT3 is required for liver
cancer stem cell expansion.(34,35) Cirp-mediated STAT3 activa-
tion in inflammatory cells might regulate cancer stem cell
expansion through augmented inflammatory response in the
liver.
Hepatocellular carcinoma is an appropriate target for surveil-

lance programs for early cancer detection. Currently, liver
ultrasonography combined with serum a-fetoprotein measure-
ment is the standard method of HCC surveillance. However,
such a surveillance program has several limitations, including
low sensitivity, high cost, and suboptimal adherence to the sur-
veillance.(45) The ability to reliably predict an individual’s risk
of HCC, such that surveillance strategies could be appropri-
ately personalized, would represent a substantial advance in
surveillance programs. A number of molecular markers predic-
tive for HCC have been reported,(45,46) but are not yet feasible
for practical management. Here we showed that Cirp expres-
sion was significantly increased in non-cancerous liver samples
from patients with post-operative recurrence in the future. Fur-
thermore, in two murine HCC models, Cirp expression was
found to increase in livers of tumor-harboring mice. Cirp
expression could be a marker for predicting the risk of HCC
development. Hypoxia that is enhanced in chronic inflamma-
tory diseases upregulates Cirp expression by a mechanism that
involves neither hypoxia-inducible factor-1 nor mitochon-
dria.(21) This may be one explanation for Cirp induction in the
liver. However, the exact mechanisms by which Cirp expres-
sion is upregulated in the liver remain to be elucidated.
Recently, Cirp was reported to be released into the circula-
tion.(26) The analysis of the Cirp level in the serum may
increase the identification rate of patients with a higher risk of
HCC development. A future large-scale study of Cirp in
patients with chronic hepatitis at different stages will be cru-
cial to determine whether the Cirp expression in the serum is
able to predict the risk of cancer and prognosis of patients with
chronic liver disease.
In summary, Cirp could enhance tumorigenesis by control-

ling ROS accumulation and might be associated with stem cell
maintenance. Modulation and measurement of Cirp expression
might hold promise for advanced treatment and personalized
management in patients with chronic liver disease.
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Fig. 5. Association between risk of hepatocellular carcinoma (HCC)
recurrence and cold-inducible RNA-binding protein (Cirp) expression
in human liver. (a) Representative immunostaining images of non-
tumor and HCC tissues with anti-Cirp antibody. Scale bar = 100 lm.
(b) Lysates of non-cancerous liver tissue from patients who underwent
partial hepatectomy for HCC with (+) or without (�) HCC recurrence
in the future were extracted and assessed by immunoblotting with
the indicated antibodies. Representative data are shown. (c) Cirp pro-
tein levels in the liver were quantified using image analysis software.
Results are means � SEM (n = 6 per group). *P < 0.05 versus patients
without HCC recurrence.
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Abbreviations

Cirp Cold-inducible RNA-binding protein
DEN Diethylnitrosamine
HCC Hepatocellular carcinoma

IL Interleukin
8-OHdG 8-hydroxy-20-deoxyguanosine
qPCR Quantitative PCR
ROS Reactive oxygen species
STAT3 Signal transducer and activator of transcription 3
Sox2 Sex determining region Y-box 2
TAA Thioacetamide
TNF Tumor necrosis factor
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. (a) Thioacetamide treatment induced liver fibrosis in mice. (b) Mice were treated with thioacetamide (TAA) for 10 months. No significant
difference in hydroxyproline contents was found between WT and Cirp�/� mice.

Fig. S2. Immunohistochemistry was carried out on liver sections of thioacetamide (TAA)-treated WT mice.

Fig. S3. Treatment with the antioxidant decreased protein level of phosphorylated STAT3.

Fig. S4. Representative immunostaining images of non-tumor livers of patients with (a–c) and without (d–f) hepatocellular carcinoma recurrence.
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