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ABSTRACT

Suppression of hepatocyte proliferation
through RORa-mediated

IL-6R signaling pathway

Ju-Yeon Kim
College of Pharmacy
The Graduate School

Seoul National University

Nonalcoholic fatty liver disease (NAFLD) is classified into simple
steatosis and steatohepatitis, which can progress to hepatocellular
carcinoma. Fat accumulation within hepatocytes results in ROS
production and triggers liver inflammation In an inflammatory region
of liver, IL-6, which is one of the major inflammtory cytokines, binds
to membrane-bound IL-6R on hepatocyte and IL-6R stimulation leads
to the activation of JAK/STATS, and induces upregulation of genes
involved in compensatory proliferation. Therefore, inhibition of IL-6R
signaling is important for regulation of liver malignancy. Retinoic acid
receptor related orphan receptor a (RORa) is related various liver
metabolism diseases including NAFLD. Recently, It is reported that
RORa could be a potential tumor suppressor gene in liver cancer, but
the specific mechanism is elusive. To identify the IL-6 signaling

component regulated by RORa, I wused RORa overexpression



adenovirus in primary mouse hepatocytes. The data showed that ROR
a overexpression decreased expression of IL-6Ra. Moreover, I
observed that RORa overexpression decreased the activation of JAK?2
and STATS3, the downstream factors of IL-6Ra. Also, Chromatin
Immunoprecipitation followed by sequencing (ChIP-seq) in public
database showed five RORa binding signals on the intron region of
IL-6Ra gene, and it was identified that RORa bound to one of the
five region followed by histone deacetylation by ChIP assay. Next, I
tested effects of RORa after partial hepatectomy model. I found that
upregulation of IL-6R signaling resulted in facilitating hepatocyte
proliferation in liver—specific RORa knockout mice. Also, activation of
IL-6R signaling increased  diethylnitrosamine (DEN)-induced
tumorigenesis in liver-specific RORa knockout mice. These findings
revealed that RORa is a novel therapeutic target for compensatory

proliferation—induced liver cancer.

Key Words : RORa, IL-6Ra, partial hepatectomy,

Diethylnitrosamine
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I. INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a spectrum of liver
disease ranging from liver steatosis and steatohepatitis, and
hepatocellular carcinoma (Starley et al., 2010). Accumulation of lipid
within hepatocyte induces reactive oxygene species, resulting in
hepatocyte apoptosis which leads to the recruitment and activation of
inflammatory cells (Sakaguchi et al, 2011). Substances released by
dying hepatocytes and proinflammatory cytokines produced by
immune cells give r1ise to inflammation-driven compensatory
proliferation, which plays an important role in hepatocellular
carcinoma (HCC) development (Baffy et al., 2013). HCC is the fifth
most common cancer and the second most common cause of
cancer-related deaths. In less developed countries, more than 80% of
HCCs are typically caused by chronic hepatitis B and C. However, in
developed countries including the United States, Japan, Canada, and
Europe, the incidences of chronic hepatitis B and C are decreasing
whereas that of NAFLD is increasing (Michelotti et al., 2013). Despite
NAFLD increases the risk of liver cancer, the mechanism of
NAFLD-induced HCC is still elusive.

IL-6, a multifunctional cytokine produced predominantly by
activated macrophages, is not only involved in immune responses but
in cell survival, apoptosis, and proliferation . IL-6 binds to the IL-6
receptor a (IL-6Ra) subunit and subsequently induces dimerization of
gpl30, which is associated with IL-6Ra, and initiates intracellular
signaling (Hunter et al, 2015). IL-6 signals trigger activation of
JAK/STAT, MAPK, and PISK/AKT. In particular, STATS3, the major
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mediator of IL-6 signaling, is closely related to many cancers through
transcriptional regulation of cell proliferation and survival-related-gene
(Mauer et al, 2015). IL-6 levels are elevated in steatohepatitis
patients (Dogru et al., 2008), and also HCC patients show a high
serum level of IL-6 (Metwaly et al., 2012). Obesity, one of the major
risk factor for NAFLD, is also associated with high risk of liver
cancer (calle et al.,2004), and it is demonstrated that IL-6 is required
for the development of obesity-induced HCC (Park et al, 2010).
Moreover, Naugler et al. showed DEN-induced tumorigenesis was
markedly reduced in IL-6 null mice. These observations suggest that
IL-6 could be a key linker between early event NAFLD and liver
tumorigenesis. Thus, IL-6 signaling pathway seems to be an
important target for the HCC treatment.

Retinoic acid receptor related orphan receptor a (RORa) is one of
the nuclear hormone receptor superfamily that mediates various
physiological actions in many tissues. RORa is activated by ligand
binding followed by nucleus translocation (Jetten et al. 2009). Notably,
it 1s well-known that RORa plays a pivotal role in liver diseases.
RORa attenuates many metabolic diseases, including NAFLD and
artherosclerosis (Kim et al., 2012). Also, it was demonstrated that
RORa regulates expressions of inflammatory cytokines, including TNF
a and IL-1B in kupffer cells, the liver residence immune cells. (Han
et al., 2014). According to overall and disease—free survival in HCC
patients, patients with low RORa expression had shorter overall and
disease—free survival rates than patients with high expression (Fu et
al.,, 2014). This results indicate that RORa could have the potential to
suppress HCC development. But the specific mechanism of RORa
-mediated HCC suppression remains unknown. In this s_ltudIy, I
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demonstrated the tumor suppressive effect of RORa through

regulation of IL-6R signaling.



Kupffer cell

Hepatoprotection
(anti-apoptosis,
anti-necrosis)

Figure 1. IL-6/STATS3 signaling pathway in liver

The schematic illustration of IL-6/STATS3 signalling. IL-6 is produced
by kupffer cells through the nuclear factor (NF)-kB pathway. IL-6
binds to the IL-6 receptor on hepatocyte, which interacts with two
subunits of gpl30, and activates Janus kinase (JAK). Activated JAK
triggers downstream signaling pathway including the
mitogen-activated protein kinase (MAPK) pathway and the signal
transducer and activator of transcription (STAT)3 pathway. The
STATS3 transcription factor dimerizes and translocates to the nucleus.
In the liver, nuclear STAT3 activates transcription of
proliferation-related genes and anti-apoptotic genes (Adopted from

Taub et al., 2004).
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Figure 2. Physiological functions and roles in diseases of RORa
RORa is activated by ligand binding and binds as monomer to
ROREs consisting of consensus core motif. RORa interacts with
co—activators or co-repressors and regulates target genes expression.
RORa is related to various physiological processes and many diseases
including metabolic syndrome, cancer, autoimmune disease, and

inflammatory responses (Adopted from Jetten et al., 2009).



II. PURPOSE OF THE STUDY

The roles of IL-6 signaling are well-known in various
inflammation—driven diseases including cancers. Various drugs that
block the IL-6 signaling are worldwide used in clinical practice.
Drugs that target IL-6, IL-6R, or downstream signaling blocker show
strong efficacy in many diseases. In the case of liver cancer,
however, only IL-6 downstream signaling blocker shows efficacy in
HCC patients. Because the signaling blocker is a multitargeting
kinase inhibitor resulting in suppression of other signaling pathways,
it 1s nessesary to find new target for inhibiting IL-6 signaling
pathway. Nuclear receptor RORa is a potential tumor suppressor of
HCC, but the mechanism is not fully understood. In the previous
study, we found out that RORa suppressed phosphorylation of
STAT3, one of the mediators of IL-6 signaling. In this study, I
aimed to identify the IL-6 signaling component which is regulated by
RORa. To investigate how RORa regulates IL-6 signaling pathway, I
used RORa overexpression and ChIP assay approach in primary
mouse hepatocytes. Moreover, to test the roles of RORa in HCC
development, 1 evaluated hepatocyte proliferation after partial
hepatectomy and assessed HCC prgression after diethylnitrosamine
injection in liver—specific RORa knockout mice. The present study
aims to demonstrate the tumor suppressive effect of RORa through

regulation of the IL-6R signaling.



. MATERIALS AND METHODS

1. Liver-specific RORa knockout mice

Liver—specific RORa knockout mice were generated in previous study.
Briefly, the RORa flox/flox embryo, in which the exon 4 of the ROR
a allele was flanked with loxP sites, was obtained from the Institut
Clinique de la Souris (Illkirch, France) and the mutant mouse was
generated by in vitro fertilization (Korea Research Institute of
Bioscience and Biotechnology). RORa flox/flox mice were intercrossed
with Alb-Cre mice to produce liver-specific RORa knockout mice.
They were housed in an air—conditioned room at a temperature of

22-24C and a humidity of 37-64%, with a 12 h light/dark cycle.

2. Cell culture and cell treatment

Primary mouse hepatocytes were isolated from eight-to—ten-week-old,
male C57BL/6N mice (Orient bio, Korea). The liver perfusions were
done by collagenase type IV (Sigma aldrich, St Louis, MO). The cells
were plated at collagen—coated plates and maintained under 5% CO-
at 37C in Medium 199/EBSS (M199/EBSS; SH30253.01; Hyclone;
USA) supplemented with 10% fetal bovine serum (FBS, Welgene),
dexamethasone, HEPES. Mouse IL-6 (406-ML-005) was obtained
from R&D system. Human RORal recombinant adenovirus

constructions were described previously (Kim et al., 2012).

3. Partial hepatectomy
The surgery was Kkidnly provided by prof. Seong JK (Seoul National

University, Korea). Briefly, Animals were anesthetized using
b
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1soflurane followed by ligation and resection of median and left liver
lobe. For sham operation, mice were anesthetized and subject to
laparotomy, and then the wound was closed. 3 h or 24 h later, mice

were sacrificed and the remnant lobes were harvested.

4. Diethylnitrosamine-induced hepatocellular carcinoma

For inducing  hepatocellular = carcinoma, two-week-old male
liver-specific RORa knockout mice and flox/flox littermates were
administrated 25 mg/kg of diethylnitrosamine (DEN; NO756; Sigma
aldrich, MO, St Louis) by inraperitoneal injection and sacrificed at 10
months after injection. Animal experiments were conducted in
accordance with guidelines of Seoul National University Animal Care

and Use Committee.

5. Chromatin immunoprecipitation assay

ChIP assays were performed as described previously (Kim et al,
2012). Briefly, nuclear lysates were sonicated, and the lysates were
immunoprecipitated using specific antibodies and normal IgG
antibodies for overnight at 4°C. DNA was extracted by
phenol-chloroform extraction and amplified by PCR using specific
primer as described in Table 1. PCR products were resolved in 2.5%

agarose gel.

6. Western blot assay

Cells were washed with cold 1xPBS and harvested with a RIPA lysis
buffer (25 mM Tris-HCI, 150 mM NaCl, 0.1% sodium dodecyl sulfate,
1% Triton X-100, 1% deoxycholate, 5 mM EDTA) supplement with a
protease inhibitor cocktail (11.836.153.001, Roche, Switzerland) and a

3 " i
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phosphatase inhibitor (4906845001, Roche, Switzerland), using a cell
scraper. After 30 minutes of incubation on ice, lysates were
centrifuged at 14,000 rpm for 10 minutes, 4C. Supertenant was
seperated and quantified through BCA Protein Assay Kit (23225,
Pierce, USA). Protein samples were loaded in a 6%-10% gel. After
SDS-polyacrylamide gel electrophoresis, proteins were transferred
onto a 045 pm polyvinylidene difluoride (PVDF) membrane by
semi—dry transfer method. 5 w% non-fat dry milk in PBS with 0.196
Tween-20 (PBS-T) was used for blocking membrane for 1 hours
under room temperature. After blocking, membranes were incubated
in primary antibodies in 5 ww2% non—fat dry milk in PBS-T overnight
in 4C. Membranes were washed 3-times with PBS-T and incubated
secondary antibodies for 1 h under room temperature. Amersham ECL
solution (RPN2106, GE healthcare, USA) was used for detection after

washing 3-times with PBS-T for remove antibodies.

7. Quantitative real-time polymerase chain reaction (qRT-PCR)

Total RNA isolation was done by EASY-BLUE™ Total RNA
Extraction Kit (Intron Biotechnology, Korea) according to the
manufacturer’s protocol. Extracted total RNA was
reverse—transcripted to synthesize cDNA wusing M-MLV reverse
transcriptase (28025-013, Invitrogen). qRT-PCR was performed using
SYBR Green PCR master mix (4367659, Applied Biosystems). The

resulting AC; values were normalized with 18s rRNA.

8. Statistical analyses
All data were statistically analyzed by using GraphPad Prism 5

(GraphPad Software, USA). Statistical analyses were performed using
b
— -i!
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non-parameteric Mann-Whitney U test or paired t-test for

comparisons of data. P < 0.05 denotes statistical significance.
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Table 1. Primer sequences used for quantitative RT-PCR and

ChIP analysis

Product
Gene RT-PCR Primer sequences length
(bp)

-6R Forward 5 -ATC CTC TGG AAC CCC ACA C-3' 63
mIL-6Ra
Reverse 5 -GAA CTT TCG TAC TGA TCC TCG TG-3’

Forward 5 -GTC CCT GAA GCC TGA GAG TG-3'
Reverse 5'-CTT GAT ACC ATT GCC TCC GT-3'

Forward 5 -GAT GGC GGT GTT AGA CAT GA-3'
Reverse 5'-TGC TGA ATG AAT CTG CGA AA-3’

Forward 5 -TCC ACA CCT CTC CGA AGC AA-3'
Reverse 5 -CAT GCT GAT GGC CTG TGT CA-3'

Forward 5 -TCG TTA CCT CCA AAG GCT GCT C-3'
Reverse 5'-ATG GCG GTG TCT GGC TAT TCA-3’

Forward 5 -GTA ACC CGT TGA ACC CCA TT-3'
Reverse 5 -CCA TCC AAT CGG TAG TAG GG-3'

- Forward 5 CTT AGA GGT CTT TGC CTC CTG-3 "
n
o 6; Reverse 5-CAC TCT CTG CTC TTC TGA TAC AT-3'

i a
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IV. RESULTS

1. RORa suppresses IL-6 signaling pathway through regulation
of IL-6Ra in primary hepatocyte

In previous study, we found that RORa inhibited phosphorylation of
STATS3. In order to identify a component of IL-6 signaling pathway
regulated by RORa, the factors regulating phosphorylation of STATS3
were screened. Overexpression of RORa reduced the mRNA
expression level of IL-6Ra in primary hepatocyte, but did not affect
the mRNA expression level of JAKI1, JAK?2, Src, Abl. Then, the
overexpression of RORa decreased the protein expression level of
IL-6Ra. Phosphorylation of JAK? and STATS3, the downstream genes
of IL-R6, were also decreased. These results indicate that RORa
inhibits IL-6 signaling pathway through transcriptional regulation of

IL-6Ra in primary hepatocyte.

2. Binding of RORa to IL-6Ra intron represses transcriptional
activity

To investigate how RORa regulates transcription of IL-6Ra, public
RORa ChIP-seq data sets were analyzed. Five ChIP-seq peaks were
detected in the intron region of mouse IL-6Ra. ChIP analysis
performed on the five ChIP-seq signals confirmed that RORa was
bound to a specific intron region. The ChIP analysis also revealed
that the level of acetylation at histone H3, a marker of transcriptional
activation, was decreased. These data indicate that RORa is bound to
the intron region of IL-6Ra and downregulates transcriptional

activity.

S 12 - =



3. Hepatocyte proliferation is facilitated in liver-specific RORa
KO mice

70 % partial hepatectomy (PHx) is one of the most studied model of
liver regeneration. During liver regeneration, hepatocyte proliferation is
strongly induced through IL-6 signaling pathway. To investigate the
effect of RORa on hepatocyte proliferation, I employed the murine
model of 70 % PHx in liver-specific RORa knockout (LKO) mice, in
which exon 4 of the KOFRa allele was deleted. At 3 h after PHx,
PHx-induced IL-6Ra expression, JAK? and STAT3 phosphorylation
were observed, indicating that IL-6R signaling was activated after
PHx. Notably, under basal conditions, IL-6Ra expression and
phosphorylation of JAK?Z were higher in LKO liver when compared to
flox/flox liver. However, because of elevated basal IL-6R signaling
activity in LKO liver, no further increase of IL-6Ra expression, JAK?2
and STAT3 phosphorylation were detected after PHx.

Next, to examine the impact of RORa deficiency upon PHx-induced
proliferation, PCNA immunostaining was performed. Expression of
PCNA, one of the major proliferation marker, was more increased in
LKO mice, indicating that hepatocyte proliferation is facilitated in
LKO Iliver. Taken together, RORa deficiency could increase hepatocyte

proliferation through upregulation of IL-6R signaling activity.

_13_



4, Diethylnitrosamine-induced tumorigenesis is increased in
liver-specific RORa KO mice

To further verify the role of RORa in hepatocellular carcinoma (HCC)
development, I assessed Diethylnitrosamine (DEN) -induced HCC
using RORa LKO mice. DEN, a chemical -carcinogen, induces
inflammatory response following compensatory proliferation and finally
results in the development of HCC. Male mice were injected with
DEN 2 weeks after birth. Macroscopically, nodules were detected on
both flox/flox and LKO liver 10 months after DEN injection.
However, LKO mice exhibited increased maximal tumor size relative
to flox/flox control. In order to investigate the role of IL-6 signaling
in HCC progression, I examined the level of IL-6Ra, pJAKZ and
pSTATS3. Indeed, at 10 months after DEN administration, I observed
inductions in IL-6Ra expression, JAK2 and STAT3 phosphorylation in
flox/flox liver. These data indicate that DEN-induced tumorigenesis is

increased in LKO liver through the IL-6R signaling.
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Figure 3. RORa decreases the expression of IL-6R in the
primary mouse hepatocytes

Primary mouse hepatocytes were infected by 10 moi Ad-GFP and
Ad-RORal adenovirus for 24 h. Total RNA isolated from cells was
used to quantitative real-time PCR analysis of mRNA for IL-6Ra,
JAK1, JAK2, Src, Abl. Data represent the means £ SEM (n=3). *p <
0.05.
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Figure 4. RORa inhibits IL-6R signaling in the mouse primary
hepatocytes

Mouse primary hepatocytes were infected by 10 moi Ad-GFP and
Ad-RORal adenovirus for 24 h and treated with vehicle, mouse IL-6
0.5 ng/ml for 4 h. The expression level of protein was measured by
western blotting analysis (Top). The level of IL-6Ra, pJAK2,
PSTAT3 to B-actin was quantified by the Image] software (Bottom).
Data represent the means £ SEM (n=3). *p < 0.05, *#*p < 0.0005



79 kb

Figure 5. Binding of RORa to IL-6Ra intron region repressees
the transcription of IL-6Ra

Schematic representations of mouse RORa ChIP-Seq signals on
IL-6Ra gene (Top). Mouse primary hepatocytes were infected by 10
moi Ad-GFP and Ad-RORal adenovirus for 24 h. DNA binding of
RORa to the second proximal ChIP-Seq signal among five signals on
IL-6Ra intron region was analyzed by ChIP assay. DNA fragments
that immunoprecipitated by anti-RORa or anti-AcH3K9 antibody were
amplified by PCR wusing primers for the second proximal signal

(Bottom).
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Figure 6. Expression of IL-6R signaling components at 3 h after
partial hepatectomy

Liver-specific RORa knockout mice and age matched flox/flox mice
littermates underwent 70 9 partial hepatectomy. Animals were
sacrificed 3 h after surgery (n=5 per group). The expression level of
protein was measured by western blotting analysis (Top). The level
of IL-6Ra, pJAK2, pSTAT3 to B-actin was quantified by the Image]
software (Bottom). Data represent the means = SEM (n=3). #p <
0.05, **p < 0.005, N.D. : Not detected.

- 18 - =



_RORa™ . .« .  RORa" Alb-Ere- -
; ~ .: : 5 1 ~ 2 A L h ‘.‘.-_a.,
S T o T b ’ 2 . &
PCNA Svo . en ™ Tom (Te gt 2 W o el A i
r .\""--',, = ..". _.‘ PN .)\;_\ i
e % . L3 o ¢ - \ ¢ @
i & @ }-" -
& A 1 ( [} ‘ ®
' = \ [ ] o L d
i' » L) N 0 ’,ﬂl A e u{ 'y
B
PHx 0h PHx 24h PHx 0h PHx 24h
- — - - - e = | PCNA
o - . — ——— | Actin
Flox/Flox LKO
PCN
= [ control
B PHx
Z
§2
£
A
Flox LKO

Figure 7. Hepatocyte proliferation is facillitated in liver—specific
RORa knockout mice 24 h after partial hepatectomy

(A) Representative immunohistochemistry staining of liver after
partial hepatectomy. (B) The expression level of protein was
measured by western blotting analysis (Top). The level of PCNA to

B-actin was quantified by the Image] software (Bottom). Data

represent the means * SEM (n=6"8). #x*p < 0.0005
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Figure 8. Expression of IL-6R signaling components at 10
months after DEN injcetion

25 mg/kg DEN was injected using intraperitoneal (I.P.) injection to
liver-specific RORa knockout mice and age matched flox/flox mice
littermates. Animals were sacrificed 10 months after injection (n=273
per group). The expression level of protein was measured by western
blotting analysis (Top). The level of IL-6Ra, pJAK2, pSTAT3 to B
—actin was quantified by the Image] software (Bottom). Data

represent the means + SEM (n=273).
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Figure 9. Liver-specific RORa knockout mice increase
DEN-induced liver tumorigenesis

Representative microscopic pictures of liver from LKO mice and
flox/flox littermates 10 months after DEN injection (Top). Maximal
tumor size (diameter) in liver of LKO mice and flox/flox littermates
10 months after DEN injection (bottom). Data represent the means =

SEM (n=273).
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Figure 10. Schematic illustration of the effects of activated
IL-6R signaling in liver-specific RORa knockout mice
In liver-specific RORa knockout mice, IL-6R signaling is activated,

which results in facilitate hepatocyte proliferation after partial

hepatectomy and increases DEN-induced HCC.
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V. DISCUSSION

IL-6 is a multifunctional cytokine which plays an important role in
various biological activities. IL-6 1is involved in the cellular
proliferation and survival as well as the immune response. IL-6 is an
important factor in many inflammation-driven cancers including liver
cancer. IL.-6-deficient mice show lower incidence of HCC tumor than
wild-type mice after injection of diethylnitrosamine (Naugler et al.,
2007), and Giannitrapani et.,, al showed a significant increase in IL-6
level as the stage of HCC became severe. Therefore, blocking of
IL-6 signaling would be a good therapeutic target for HCC.
Strategies to specifically block IL-6 signaling include neutralizing
antibodies to IL-6, IL-6R, JAK inhibitors, and downstream signaling
inhibitors (Hunter et al., 2015). Among the IL-6 signaling blockers,
only the signaling inhibitor, sorafenib, is widely used for HCC
treatment (Llovet et al.,, 2008). But, there are several side effects in
the therapeutic treatments. Thus, it is necessary to develope other
strategies for the inhibition of IL-6 signaling.

RORa is a multifunctional nuclear receptor regulating -circadian
rhythm, development, metabolism, immune and inflammation response
(Jetten et al., 2009). RORa is also involved in cellular proliferation
and tumorigenesis in several tissues (Kim et al., 2011, Lee et al.,
2010). In our previous studies, we revealed that RORa attenuated
hepatic steatosis by regulating AMPK activity (Kim et al., 2012).
Also, we identified the fact that RORa induces anti-oxidative stress
enzymes and decreases steatohepatitis through reducing inflammatory

response (Han et al., 2014). Recently, it was demonstrated that RORa
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reduced hepatoma cell growth through regulation of glucose
metabolism (Byun et al., 2015).

We previously showed that overexpression of RORa suppressed
phosphorylation of STATS3, the major mediator of IL-6 signaling in
mouse primary hepatocyte. In contrast, it showed that the level of
STAT3 phosphorylation increased in primary hepatocyte from
liver—specific RORa knockout mice. These data indicate that RORa
may regulate upstream components of STAT3 in IL-6 signaling.

In this study, I demonstrated that RORa reduced transcription of
IL-6Ra, and eventually could suppress hepatocyte proliferation and
DEN-induced liver tumorigenesis. I clearly showed that RORa
expression decreased IL-6Ra expression and inhibited IL-6R
downstream signaling in primary mouse hepatocytes (Figure 4).
Also, I discovered that RORa bound to the intron region of mouse
IL-6Ra (Figure 5). Because ROR response element (RORE) is not
found on the RORa binding region, I suggested the action of RORa
could be mediated by other transcriptional factors. HNF4a and
FOXP1, the two transcriptional factor whose putative response
elements exist within the RORa binding region were selected by
motif analysis. HNF4a i1s expressed at high levels in the liver, and
regulates the large number of hepatocyte-specific genes (Walesky et
al.,, 2015). FOXP1 is widely expressed in many tissues and especially
in the liver, and it regulates glucose metabolism and cellular
proliferation (Zou et al., 2015, Wang et al., 2016). The further RORa
-mediated mechanism that suppresses the expression of IL-6Ra
should be studied further. After partial hepatectomy and DEN
injection, IL-6R signaling was well activated in flox/flox control mice.

However, it was hard to detect in liver—specific RORa knockout mice
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owing to upregulation of basal IL-6R signaling. Given the importance
of IL-6R signaling in HCC, RORa could be a novel therapeutic target

for treatment of liver cancer.

A 2l &F 7
o 1 = H“”'r 1~



REFERENCES

Baffy G. Hepatocellular Carcinoma in Non-alcoholic Fatty Liver
Disease: Epidemiology, Pathogenesis, and Prevention. ] Clin Transl
Hepatol. 2013;1:131-7.

Byun JK, Choi YK, Kang YN, Jang BK, Kang K], Jeon YH, Lee
HW, Jeon JH, Koo SH, Jeong WI, Harris RA, Lee IK, Park KG.
Retinoic acid-related orphan receptor alpha reprograms glucose

metabolism in glutamine-deficient hepatoma cells. Hepatology.
2015;61:953-64.

Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological

evidence and proposed mechanisms. Nat Rev Cancer. 2004;4:579-91.

Dogru T, Ercin CN, Erdem G, Sonmez A, Tapan S, Tasci I
Increased hepatic and circulating interleukin-6 levels in human
nonalcoholic steatohepatitis. Am J Gastroenterol. 2008 ;103:3217-8.

Fu RD, Qiu CH, Chen HA, Zhang ZG, Lu MQ. Retinoic acid
receptor-related receptor alpha (RORalpha) is a prognostic marker for

hepatocellular carcinoma. Tumour Biol. 2014;35:7603-10.

Giannitrapani L, Cervello M, Soresi M, Notarbartolo M, La Rosa M,
Virruso L, D’Alessandro N, Montalto G. Circulating IL-6 and sIL-6R
in patients with hepatocellular carcinoma. Ann N Y Acad Sci.
2002;963:46-52.

Hunter CA, Jones SA. IL-6 as a keystone cytokine in health and

3 y 1 |
"':I'H-_E _'H.I.-_ ] |I ;-

_26_



disease. Nat Immunol. 2015 ;16:448-57.

Jetten AM. Retinoid-related orphan receptors (RORs): critical roles in
development, immunity, circadian rhythm, and cellular metabolism.
Nucl Recept Signal. 2009;7:e003.

Kim EJ, Yoon YS, Hong S, Son HY, Na TY, Lee MH, Kang H],
Park J, Cho W], Kim SG, Koo SH, Park HG, Lee MO. Retinoic acid
receptor-related orphan receptor a-induced activation of adenosine
monophosphate—-activated protein kinase results in attenuation of
hepatic steatosis. Hepatology. 2012;55:1379-88.

Kim H, Lee JM, Lee G, Bhin J, Oh SK, Kim K, Pyo KE, Lee ]S,
Yim HY, Kim KI, Hwang D, Chung J, Baek SH. DNA
damage-induced RORa is crucial for pb3 stabilization and increased
apoptosis. Mol Cell. 2011;44:797-810.

Lee JM, Kim IS, Kim H, Lee JS, Kim K, Yim HY, Jeong J, Kim JH,
Kim JY, Lee H, Seo SB, Kim H, Rosenfeld MG, Kim KI, Baek SH.
RORalpha attenuates Wnt/beta—catenin signaling by
PKCalpha-dependent phosphorylation in colon cancer. Mol Cell.
2010;37:183-95.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E. Sorafenib in
advanced hepatocellular carcinoma. N Engl ] Med. 2008;24,359:378-90.

Mauer J, Denson JL, Briining JC. Versatile functions for IL-6 in

metabolism and cancer. Trends Immunol. 2015;36:92-101.

Metwaly HA, Al-Gayyar MM, Eletreby S, Ebrahim MA,
El-Shishtawy MM. Relevance of serum levels of interleukin—-6 and

syndecan—1 in patients with hepatocellular carcinoma. Sci Pharm. 2012

3 y 1 |
"':I'H-_E _'H.I.-_ ] |I ;-

- 27 - m



;80:179-88.

Michelotti GA, Machado MV, Diehl AM. NAFLD, NASH and liver
cancer. Nat Rev Gastroenterol Hepatol. 2013;10:656-65.

Naugler WE, Sakurai T, Kim S, Maeda S, Kim K, Elsharkawy AM,
Karin M. Gender disparity in liver cancer due to sex differences in
MyD&8-dependent IL-6 production. Science. 2007;317:121-4.

Park EJ, Lee JH, Yu GY, He G, Ali SR, Holzer RG, Osterreicher CH,
Takahashi H, Karin M. Dietary and genetic obesity promote liver
inflammation and tumorigenesis by enhancing IL-6 and TNF
expression. Cell. 2010;140:197-208.

Sakaguchi S, Takahashi S, Sasaki T, Kumagai T, Nagata K.
Progression of alcoholic and non-alcoholic steatohepatitis: common
metabolic aspects of innate immune system and oxidative stress.
Drug Metab Pharmacokinet. 2011;26:30-46.

Starley BQ, Calcagno C]J, Harrison SA. Nonalcoholic fatty liver
disease and hepatocellular carcinoma: a weighty connection.
Hepatology. 2010;51:1820-32.

Taub R. Liver regeneration: from myth to mechanism.

Walesky C, Apte U. Role of hepatocyte nuclear factor 4a (HNF4a) in
cell proliferation and cancer. Gene Expr. 2015;16:101-8.

Wang X, Sun J, Cui M. Downregulation of FOXP1 Inhibits Cell

Proliferation in Hepatocellular Carcinoma by Inducing G1/S Phase Cell
Cycle Arrest. Int J Mol Sci. 2016;17. pii: E1501.

_28_



Zou Y, Gong N, Cui Y, Wang X, Cui A. Forkhead Box P1 (FOXP1)
Transcription Factor Regulates Hepatic Glucose Homeostasis. J Biol
Chem. 2015;290:30607-15

X _a‘l:__-_' =1 =
gg 1-_f]]|”'r 1~



FE&A o Astsle FY ANzAYE HAHS T HACIA Signal
transducer and activator of transcription 3 (STAT3)E &A3A#A 7F
MEL] AF T BAH 2280 #HoJsit), agjeg olglsk IL-6 Al

EAY AL AAT & Avhd Hohd GAE FH BE USE

HkEd AASS 239 oy tAbd 3P AgkS gAdva o4y
A5 Aol A RORa®] FeFAle] 7FeA & H o
ofz] SHAstA wrslA A &k E Aol =
RORa7} IL-6 Alzdd A4S 2det= 7|HdE 1t¥3stal RORa 3F 5
o4  knockout "}F2E o83 partial hepatectomy EE
diethylnitrosamine (DEN) %= %t¢t R dlox RORa®] ae] ths}o
ATt WA, IL-6/STAT3 Aladg Ao HFoAddttr L&zl
IL-6Ra, JAKI1, JAK2, Src, abl & IL-6Ra®] mRNA ®&o] RORael
o3 it AS Ikt ®3 RORaol 93 IL-6Ra & i
© JAK2, STAT39 <4tsl A& Fhtsts A #EsY. =3, =

.

¥ =19 Chromatin Immunoprecipitation followed by sequencing
(ChIP-seq) Hl°o]lH #4& E3 RORa’} IL-6Rae] JEE F o A3t
7b AE Ag Felskda, dAE o B9lel RORa7l 2 §ata

Ns 7
S=E & opEst dejus AL FAsr. thF o R partial



hepatectomyS 33t91<S w IL-6R signaling?] &43E T HAXE
9] F2]o] RORa 7t 594 knockout w204 t©] F7}%

01
gelatdth T3 RORa 7t 5°]% knockout mh$-2xol A &4 315 o]
z

ftlo

it

singalingS AT F ASE FHAL, HAEZ AAESE FESIIS o
RORa THAE F2]S JA = &

3
AE Sl o3 d3te e g e Thede AAE &

Ean

F29 : RORa, IL-6Ra, partial hepatectomy, Diethylnitrosamine
3 ¥ 2015-21869

-~ 31 - =



	Ⅰ.INTRODUCTION
	Ⅱ.PURPOSE OF THE STUDY
	Ⅲ.MATERIALS AND METHODS
	1.Liver-specific RORα knockout mice
	2.Cell culture and cell treatment
	3.Partial hepatectomy
	4.Diethylnitrosamine-induced hepatocellular carcinoma
	5.Chromatin immunoprecipitation assay (ChIP assay)
	6.Western blot assay
	7.Quantitative real-time polymerase chain reaction (qRT-PCR)
	8.Statistical analyses

	Ⅳ.RESULTS
	1.RORα suppresses IL-6 signaling pathway through regulation of IL-6Rα in primary hepatocyte
	2.Binding of RORα to IL-6Rα intron represses transcriptional activity
	3.Hepatocyte proliferation is facilitated in liver-specific RORα KO mice
	4.Diethylnitrosamine-induced tumorigenesis is increased in liver-specific RORα KO mice

	Ⅴ.DISCUSSION
	REFERENCES
	국문초록


<startpage>10
Ⅰ.INTRODUCTION 1
Ⅱ.PURPOSE OF THE STUDY 6
Ⅲ.MATERIALS AND METHODS 7
 1.Liver-specific RORα knockout mice 7
 2.Cell culture and cell treatment 7
 3.Partial hepatectomy 7
 4.Diethylnitrosamine-induced hepatocellular carcinoma 8
 5.Chromatin immunoprecipitation assay (ChIP assay) 8
 6.Western blot assay 8
 7.Quantitative real-time polymerase chain reaction (qRT-PCR) 9
 8.Statistical analyses 9
Ⅳ.RESULTS 12
 1.RORα suppresses IL-6 signaling pathway through regulation of IL-6Rα in primary hepatocyte 12
 2.Binding of RORα to IL-6Rα intron represses transcriptional activity 12
 3.Hepatocyte proliferation is facilitated in liver-specific RORα KO mice 13
 4.Diethylnitrosamine-induced tumorigenesis is increased in liver-specific RORα KO mice 14
Ⅴ.DISCUSSION 23
REFERENCES 26
국문초록 30
</body>

