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igure legends

) Flgurc 1. The OS and DFS curves of patients who underwent repeat Hx, or salvage
- V]ZDLT for recurrent HCC are illustrated. There was no significant difference in OS rate
f—O 1714); the 5-year OS rate in the salvage LDLT group was 75%, and that in the

f;é,%erepeat Hx group was 61%. The DFS rate in the repeat Hx group was significantly worse

E SR

gﬁ (p=0.0002), and the 5-year DFS rate in the salvage LDLT group reached 81%, but that

e repeat Hx group remained quite low at 16%.

re 2. The OS and DFS curves of Child-Pugh A patients with repeat Hx, Child-Pugh

@ pdnents with repeat Hx, and patients with salvage LDLT for recurrent HCC are

&é

ﬂlustmted The impact of division of the repeat Hx group accordma to Child-Pugh

classification was not certain.

%%s% repeat Hx, patients with grade B liver damage who underwent repeat Hx, and patients
x} > 333

=
.

salvage LDLT for recurrent HCC are illustrated. The impact of division of the

4 0001) rate of patients with grade B liver damage who underwent tepeat Hx were

sniticantly worse, and 5-year OS rate remained quite low at 20%, and there were no
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Table 1. Comparisons of patientvackground characteristics Page 22 of 28

Variables Re(zi(;j} é—;x Salv?g:elg_;) LT p-values
Age 68.2+9.6 56.2+5.6 <.0001
Male/Female 99/47 10/3 0.7562
BMI 229=%3.1 245+3.1 0.0911
DM (%) 36 (25%) 2 (15%) 0.7350
Esophageal varices (%) 35 (24%) 12 (92%) <0001
HBs-Ag (+) (%) 27 (18%) 4 (31%) 0.5454
HCV-Ab (+) (%) 100 (68%) 9 (69%) 1.0000
PIt (x104/ul) 12647 8.2+37 0.0014
T-bil (mg/dl) 0.7+0.3 24+01 <0001
Alb (g/dL) 4004 2.9+0.6 <0001
ALT (TU/L) 37.0+277 491+26.2 0.1332
PT (%) 90.1+137 58.8+14.9 <0001
Child A (%) 140 (96%) 1(8%) <0001
Liver damage A 118 (81%) 1(8%) <0001

* Abbreviations: Hx; hepatectomy, LDLT; living donor liver transplantation, BMI; Body Mass Index,
DM; Diabetes Mellitus, HBS-Ag; Hepatitis BYelrusisusfirre drtigen, HCV-Ab; Hepatitis C antibody,
Pit; Platelet count, T-bil; Total bilirubinyailb; palbumin.RTzProthrombin time, ALT. Alanine aminotransferase.
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Table2. Comparison of the short-term surgical outcomes

Variables R?E:efzé};x Saiv?r?flé;b LT p-values
Surgical outcomes
Operation time (min) 229.1+97.7 862.9+194.4 <0001
Blood loss (g) 596.3+764.9 24690.0+£59014 4 <.0001
Trasfusion (%) 26 (18%) 13 (100%) <0001
Post-operative courses
Mortality (%) 0 (0%) 1(7.7%) 0.0818
Morbidity (%) 38 (31%) 8 (62%) 0.0111
Hospital stay (days) 20+22 35x21 0.0180

* Abbreviations: Hx; hepatectomy, LOLT; living donor liver fransplantation.
John Wiley & Sons, Inc.
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Table 3. Comparison of tumor-related factors

Variables R?E:ef;rél—)ix Salv(c:\ iel :;')DLT p-values
Tumor diameter (cm) 19+09 25+11 0.0598
Tumor number 1.3+05 4.0+5.1 <0001
Poorly dif. (%) 25 (17%) 4 (31%) 0.4448
vp (+) (%) 81 (55%) 7 (54%) 0.8561
im (+) (%) 16 (11%) 4 (31%) 0.1059
Stage III or IVA (%) 55 (38%) 8 (62%) 0.2371
AFP (ng/ml) 235.2+953.8 854.3+3010.9 0.0861
DCP (mAU/ml) 1945+545.2 142.2+170.1 0.2013
le (+) (%) 89 (61%) 13 (100%) 0.0191

* Abbreviations: Hx: hepatectomy, LDLT; living donor liver transplantation,
Poorly dif.; Poorly differentiated, vp; pathalogical portal venous infiltration,
im; pathological intrahepatic metastasis, AFP; d-fefogcromin, DCP; des-y carboxy prothrombin,

H . . . Jothin Wiley & Sons, |
ic; histological cirrhosis. v
This article is protected by copyright. Al rights reserved.
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Table 4. Our treatment strategy for rec. HCC

/\

[Intra-hepatic| [Extra-hepatic]
Nodular type Multiple type| |Resectable |Unresectable |
¢ 3 nodules > 4 nodules
/ \
Liver damage Liver damage
A B,C

l

*ReET:aA’r Hx *E«;lvageTL'SLT | _LPD | |*Resection]
epeat Hx
EFA * DFS21 year
LPD * vp 0/1

* AbbrevigtionssHechepatectomy, LDLT; living donor liver transplantation,
this ariele i proecRY 5o RAGIO N GAHGNGY, gblation, LPD: Lipiodolization
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Silent information regulator 1 (SIRT1) is a nicotinamide adenine dinucleotide
(NAD*)-dependent protein deacetylase. In mice, mSirt1 deficiency causes the
onset of fatty liver via regulation of the hepatic nutrient metabolism pathway. In
this study, we demonstrate SIRT1 expression, activity and NAD" regulation using
noncancerous liver tissue specimens from hepatocellular carcinoma patients with
non-B non-C {NBNC) hepatitis. SIRT1 expression levels were higher in NBNC
patients than in healthy donors, while SIRT1 histone H3K9 deacetylation activity
was suppressed in NBNC patients. In the liver of hepatitis patients, decreased
NAD* amounts and its regulatory enzyme nicotinamide phosphoribosyltransfer-
ase expression levels were observed, and this led to inhibition of SIRT1 activity.
SIRT1 expression was associated with HIF1 protein accumulation in both the
NBNC liver and liver cancer cell lines. These results may indicate that the NBNC
hepatitis liver is exposed to hypoxic conditions. In HepG2 cells, hypoxia induced
inflammatory chemokines, such as CXCL10 and MCP-1. These inductions were
suppressed in rich NAD* condition, and by SIRT1 activator treatment. In conclu-
sion, hepatic SIRT1 activity was repressed in NBNC patients, and normalization of
NAD* amounts and activation of SIRT1 could improve the inflammatory condition

in the liver of NBNC hepatitis patients.

doi: 10.1111/cas. 12653

l n Japan, the incidence of infection with hepatitis B virus
(HBV) and hepatitis C virus (HCV) is decreasing. and con-
tinued drug development is contributing to the control of viral
hepatitis-induced hepatocellular carcinoma (HCC).‘” However,
the incidence of non-viral hepatitis (e.g. alcoholic steatohepati-
tis {ASH] and non-alcoholic steatohepatitis [NASH]-induced
HCC) is increasing.'” Globally. the prevalence of non-alco-
holic fatty liver disease ranges between 15 and 30%, and
appears to be on the increase. Therefore, it is likely that there
will be a continued increase in NASH patients. Unfortunately,
the development of drugs to treat these types of hepatitis is yet
to progress. ASH and NASH display similar pathological pro-
cesses, such as steatosis, hepatic inflammation, liver fibrosis,
cirrhosis and hcpatocarcinogcncsis.m To manage ASH and
NASH progression, regulation of the inflammatory responsc
may be beneficial. Indeed, inflammatory chemokine, such as
Cxcll0) or Mcp-1, disrupted animals are resistant to non-viral
hepatitis. > In the liver of ASH patients, CXC chemokine
expression levels are upregulated.'®

An animal model with HCC incidence through NASH-like
pathology has not been fully developed. Recently. however, a
NASH-HCC mouse model, named STAM mice, was developed

@ 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is
not used for commercial purposes.

using neonatal exposure 1o streptozotocin and continuous high-
fat diet feeding.”” STAM mice display diabetes mellitus (DM)
and progression of NASH, such as fatty liver, hepatitis, fibrosis
and high incidences of HCC.”

Silent information regulator 1 (SIRTI) is a nicotinamide
adenine dinucleotide (NAD™)-dependent protein deacetylase. It
deacetylates histones and several proteins.®” For example,
SIRTI deucetylates p53,"” NFE-xB,"Y FOXOs™ and PGC1-
.Y SIRTI is able to either repress or activate the transcrip-
tional activities of these targets, thereby regulating diverse
cell cycle and inflammatory pathways. In the liver of mice,
mSirtl is expressed in the nucleus of periportal hepato-
cytes.!'™ SIRTH deficiency causes the onsct of fatty liver via
regulation of the hepatic nutrient metabolism pathway.!'®
Rescarchers have reported that SIRT1 overexpression or acti-
vator treatment attenuates the progression ol diet-induced
fatty lver, (1416719

SIRTI activity is dependent on the amount of NAD". The
amount of NAD* is regulated by its salvage pathway, which
consists of nicotinamide nucleotide adenylyltransferase 1
(NMNAT1) and nicotinamide phosphoribosyltransferase
(NAMPT).!'”” NAD* metabolism is associated with cancer cell

Cancer Sci | 2015
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biology or metabolic syndromes. ", In the liver. NAMPT
L 2

expression is downregulated as NASH progresses. Glucose
and alcohol metabolism require NAD* @329 Therefore, SIRTI
activation may be restricted by intracellular NAD* decreases.

Alcohol consumption induces a disruption of the hepatic
microenvironment, such as sinusoid narrowing or edema for-
mation, and leads to inhibition of oxygenation of the liver.
Oxygen consumption is increased in alcohol dehydrogenation
by CYP2EL. In the NASH liver, hepatocyte ballooning by lipid
deposition impairs the peripheral microenvironment, which
could cause oxygenation to decrease. Therefore. a hypoxic
condition would be induced in hepatocytes of ASH and NASH
patients. Hypoxia inducible factor (HIF) has been reported as
accumulating in the liver of alcohol-fed mice.*® Hypoxia
enhances inflammatory chemokine cxpression.m” Therefore, a
hepatic bypoxic condition would exacerbate ASH and NASH.
To identify a novel therapeutic target for non-viral hepatitis-
induced tumorigenesis, we analyzed SIRT1 gene expression
and activity in livers of patients with non-B non-C (NBNC)
hepatitis (cither ASH or NASH). Activation of SIRTI may
result in an improvement to the inflammatory condition in the
liver of NBNC hepatilis patients.

Materials and Methods

Human tissue specimens. We retrospectively analyzed mRNA
expression using noncancerous liver tissue from 28 patients
with NBNC hepatitis, 20 HBsAg positive patients as HBV
patients, and 73 patients with chronic HCV infection. Histone
acetylation and NAD*/NADH ratio were analyzed using tis-

sues from 8 NBNC, 9 HBV and 14 HCV patients, whose tis--

- sue samples were available enough for those analyses, among
the patients in this study. Patients in the present study had
undergone a liver resection for HCC between 2003 and 2010
at our institute. For healthy control tissue, we analyzed liver
samples taken from the living donors of the liver transplanta-
tion. The study protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki. Samples were collected fol-
lowing an established protocol approved by the Ethics Com-
mittee of Kyushu University after patients had given their
informed consent. The data does not contain any information
that could lead to the identification of patients.

Measurement of mRNA expression using real-time RT-PCR.
Total RNA was extracted from resected liver tissue or cells
using reagents for RNA extraction, including ISOGEN and
Ethachinmate (Nippon Gene, Tokyo, Japan). Synthesis of first-
strand ¢DNA was performed using the SuperScript 1I First-
Strand synthesis system for gqRT-PCR (Life Technologies,
Tokyo, Japan) according to the manufacturer's protocol. Real-
time RT-PCR was performed using Tagman reagents (Life
Technologies). Gene expression assays were purchased from
Life Technologies.

tmmunohistochemistry. Formalin-fixed paraffin-embedded
3-um  sections were deparatfinized in xylene. rehydrated
through graded ethanol, and rinsed in PBS. Heat-induced epi-
tope retrieval was performed in 10 mM citrate buffer, pH 6.0,
with 1 mM EDTA, at 125°C for 4 min in a pressure boiler.
Endogenous peroxidase activity was blocked by incubation
with 0.3% H,0; for 10 min. Nonspecific antibody binding was
blocked by incubuting the sections with normal goat serum
(Dako, Glostrup, Denmark) for 10 min. The sections were then
incubated with anti-SIRT1 (1:200, Sigma-Aldrich, Tokyo,
Japan)y or HIFI rabbit polyclonal antibodies (1:50, Sigma-
Aldrich) for 30 min and labeled using the Envision Detection

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Asscciation,

www.wileyonlinelibrary.com/journal/cas

System (Dako) for 30 min at room temperature. Sections were
then developed with 3,3’-diaminobenzidine tetrahydrochloride
(DAB plus; Dako) and counterstained with 10% Mayer's
hematoxylin, dehydrated and mounted.

Western blotting. Cells were lysed in Cell Lysis Buffer (Cell
Signaling Technology, Tokyo, Japan) containing Protease
Inhibitor Cocktail (Sigma-Aldrich). Rabbit polyclonal antibod-
ies against HIF1 were purchased from Cell Signaling Technol-
ogy. Rabbit polyclonal antibodies against SIRTL were
purchased from Epitomics (Burlingame, CA, USA). Mouse
monoclonal antibodies against B-actin (AC-13) were purchased
from Sigma-Aldrich. Proteins were detected using an ECL Plus
Western Blotting Detection System (GE Healthcare, Tokyo,
Japan).

Cell culture and reagents. HepG2 and Hep3B cells were cul-
tured in DMEM (Life Technologies) supplemented with 10%
FBS. Cells were subjected to 1% O to create the hypoxic con-
dition. For iron deficiency or iron-rich conditions, HepG2 cells
were incubated with 100 pM  deferoxamine (DFX) (Sigma-
Aldrich) or 50 uM transferrin (Sigma-Aldrich) for 24 h. SIRTI
activator, SRT1720, was purchased from Selleck Chemicals
(Houston, TX, USA). Recombinant TNF protein was obtained
from R&D Systems (Minneapolis, MN, USA). For the high
glucose medium, a DMEM containing 25 mM glucose (Life
Technologies) was used.

Nicotinamide adenine dinucleotide/NADH quantification. Nic-~
otinamide adenine dinucleotide and NADH were extracted
from frozen liver tissue and quantified using a NAD/NADH
Quantitation Colorimetric Kit (BioVision, Milpitas, CA, USA)
according to the manufacturer’s protocol. The NAD'/NADH
ratio was caleulated.

Total histone H3 and acetylated-histone H3K9 quantifica-
tion, Histones were extracted from frozen liver tissue using an
EpiQuik Total Histone Extraction Kit according to the manu-
facturer’s protocol. Total histone H3 and acetylated-histone
H3K9 were quantified using EpiQuik Total Histone H3 Quanti-
fication and EpiQuik Global Acetyl Histone H3K9 Quantifica-
tion Kits, respectively. The acetylated-H3K9 value was
normalized using the amount of total histone H3. These kits
were purchased from Epigentek (Farmingdale, NY, USA).

STAM mice study. STAM mice liver tissue was obtained
from Stelic Institute (Tokyo, Jap;m).m Briefly, pathogen-free
14-day pregnant C57BL/6) mice were purchased from CLEA
Japan (Tokyo, Japan). NASH-HCC was induced in male mice
by a single s.c. injection of 200 pg STZ (Sigma-Aldrich) at
2 days after birth and fed with HFD32 (CLEA Japan) ad (ibi-
nom after 4 weeks of age.

All animal procedures were performed in accordance with
the “Guide for the Care and Use of Laboratory Animals™ pre-
pared by the National Academy of Sciences and published by
the National Institutes of Health (NIH publication 86-23,
revised 1983).

Total RNA extractions and mRNA quantifications were per-
formed. similar to those for human liver tissues.

Statistical analysis. Pearson’s y-test was used for qualitative
variables. Non-parametric Wilcoxon and Student’s r-tests were
used for quantitative variables.

Results

Silent information regulator 1 expression and histone acetyla-
tion in livers of non-B non-C patients. Table | displays the
patients” characteristics in this study. Body muss index and
DM complication rates in NBNC patients were significantly

Cancer Sci | 2015 | 2
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Table 1. Patient characteristics

Factor NBNC (n = 28) HBV (n = 20) HQV (n = 73) P-value (univariate)
Sex, male/female 23/5 1575 58715 0.833
Age, mean years (range) 71 (34-86) 59 (36-81) 70 {55-87) <0.001
BMI (kg/m?), mean L SD 25 &4 23 k3 2 4k3 0.004
ALT {lU/L), mean = SD 35+ 25 38 22 60 + 42 0.003
Albumin (g/dL), mean & SD 3.9 £ 04 39 %04 3.9 £ 04 0.777
Cholesterol {(mg/dL), mean = SD 179 + 35 188 + 38 154 & 31 <0,001
Total-bilirubin (mg/dl), mean + SD 0.8 £ 0.3 0.8 04 0.8+ 04 0.659
DM complication (%) 62 16 26 0.001
Fibrosis stage, F0/1/2/3/4 7/6/4/5/6 3/4/3/3/7 5/13/15/19/21 0.414
Activity grade, A0/1/2/3 4/19/5/0 1/14-5/0 1/18/38/16 <0.001

Fibrosis stage and activity grade were classified according to the New Inuyama Classification. ALT, alanine aminotransferase; BM!, body mass

index; DM, diabetes mellitus,

higher than in viral-hepatitis patients. ALT and the activity
grade in HCV paticnts were higher than in other patients. We
measured SIRTI mRNA expression levels using RT-PCR, and
compared expression levels between healthy donors, NBNC,
HBY and HCV patients, SIRTI mRNA expression levels were
significantly higher in the livers of patients with NBNC hepati-
tis than in HCV infection patients (P < 0.001) and healthy
controls (P = 0.001) (Fig, la), Immunohistochemistry (IHC)
using anti-SIRT! antibodies showed staining to mainly hepatic
parenchymal cellular nuclei in the perivascular area. Represen-
tations of positive sections (Fig. Ib, left panel) and negative
sections (Fig. Lb, right panel) are shown. More vessels showed
staining in NBNC hepatitis patients than in HCV infection
patients (P = 0.005) (Fig. 1c). )

To evaluate SIRT! activity, we detected a SIRT1-targeted
deacetylation site, lysine 9 of histone H3 (H3K9).*” using
total H3 and acetylated-H3K9 specific ELISA. Interestingly,
H3K9 relative acetylation levels were significantly higher in
patients with hepatitis than in the healthy donors (NBNC,
P = 0.005; HBV, P = 0.007; HCV, P = 0.03) (Fig. 1d).

Impairment of nicotinamide adenine dinucleotide salvage path-
way in the liver with hepatitis. In NBNC patients, H3K9 acctyla-
tion levels were increased; however, SIRTI expression levels
were higher than levels in healthy donors. Therefore, the NAD*
salvage pathway and the amount of NAD™ in the liver were ana-
tyzed to clarify the regulation of SIRTT activity in the NBNC
liver. NAMPT mRNA expression levels were significantly lower
in patients with hepatitis than those levels in healthy donors
(NBNC, P < 0.001; HBV, P < 0.001; HCV, P < 0.001). In par-
ticular, NAMPT expression in the NBNC liver was significantly
lower than in HBV (P = 0.004) or HCV (P = 0.04) patients
(Fig. 2a). NMNAT1 mRNA expression levels of healthy donors
and NBNC livers were similar (Fig. 2b). The NAD"/NADH
ratio was measured. The NAD"/NADH ratio was significantly
lower in the hepatitic liver than the ratio for healthy donor livers
(Fig. 2¢). NAD" and NADH amounts could not be measured in
some tissues, The analysis of the NAD"/NADH ratio revealed a
relationship, but not significantly, between healthy donor and
NBNC livers. (Fig. S1) A decrease in NAD™ levels would
impair SIRT1 activity and result in an increase of H3K9 acetyla-
tion. These results indicate a disruption of the NAD™ salvage
pathway in the hepatitis liver,

Induction of silent information regulator 1 expression in the
hypoxic liver. To assess the state of the liver in NBNC patients,
we explored the trigger that induced SIRTI expression. We
cultured human hepatoma HepG2 cells in the medium with
H,0, as a reactive oxygen species, high glucose, transferrin,
tumor necrosis factor (TNF), transforming growth factor-f, or

Cancer Sci | 2015 | 3

SIRT! inhibitor. These treatments did not induce SIRTI
mRNA and protein expression. Chen et al. ™ reported that
hypoxia induces SIRT1 expression in Hep3B cells. In addition
to Hep3B cells, we confirmed SIRT! expression in hypoxic
condition or by iron-chelator treatment in another liver cell
line, HepG2 cells.

An iron chelator, DFX, induce both SIRTI protein and
mRNA expression (Fig. 3a and data not shown). DFX also
induced HIFI protein accumulation (Fig. 3a. left panel); there-
fore, we examined whether the hypoxic condition induces
SIRTI expression.

SIRTI expression was induced in HepG2 cells cultured in
1% O (Fig. 3b,c). The hypoxic condition also induced SIRTI
expression in another hepatome cell, Hep3B (Fig. 3d). We
then detected HIFI protein in liver tissue using IHC. HIF1 was
observed to accumulate in the nuclei of hepatic parenchymal
cells in the perivascular arca (Fig. S2a, upper panels).

HIF1 positive cells were also stained with SIRT1 antibodies
(Fig. S2a, lower panels) in comparison with the serial sections.
All HIF! positive tissue sections were also positive for SIRTI,
and 12 sections of the 22 HIFT negative scctions were stained
with SIRT! untibodics (Fig. S2b).

These results suggest that SIRTT expression is associated
with the accumulation of HIF| in the liver of NBNC hepatitis
patients,

Impact of nicotinamide adenine dinucleotide and silent infor-
mation regulator 1 on chemokine expression in the hypoxic con-
dition. CXCL10 deficiency or neutralization antibodies
attenuate non-viral hepatitis in mice. Therefore, we investi-
gated whether CXCLI0 increases in the livers of NBNC
patients in this study. CXCLI0 expression levels in some of
the healthy donors were under the detection limit. Expression
levels were higher in livers of NBNC patients than in livers of
healthy donors (P = 0.04) (Fig. 4a).

HepG2 cells were then incubated in 1% O,. The medium
included either high or low glucose. Intracellular NAD* and
CXCL10 expression levels were measured. The NAD*/NADH
ratio showed a decrease in the 1% O, condition with high glu-
cose (Fig. 4b). CXCL10 expression levels showed a decrcase in
the 1% O, condition with low glucose (rich NAD" condition).
SIRTI activator, SRT1720,%%*% inhibiicd CXCLI0 induction
most effectively (Fig. 4¢). SRT1720 treatment also inhibited
TNF-induced CXCL10 expression in HepG2 cells (Fig. 4d).

Another hepatitis-related chemokine, Mcp-1, was induced in
the liver of STAM mice (Fig. $3a) and alcohol-fed mice.*”
Therefore, MCP-1 expression in HepG2 cells incubated in the
hypoxic condition was analyzed. MCP-1 expression was more
strongly induced in the high glucose medium than in the low

@ 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

690




Original Article
SIRT1 in non-B non-C hepatitis

@

(@)

SIRT1 mRNA expression
£=0,002
P=0.001
[}
3 o 4
[
.
g ced
*®
g o
& -~
° O
3
g L rY]
] .
« L
®
.
o ¥ ¥ 1] ¥
Healthy NBNC HBV HCV
donor (n=28) (n=20) (n=73)
(n=10)
(c)
80 - P=0.005
£ 60 §
3 8
® =
= @
2 8
7 40 2
g 3
e ®
24 o
@ 20 3
=
¢ T T
NBNC HCV
(n=28) (n=29)
Fig. 1.

www.wileyonlinelibrary.com/journal/cas

NBNC NBNG
positive negative
tissue tissue
NBNC
positive
tissue
P=0.03
[ P=0.007 ‘
P =0.005
1.5 o .
. . .
. (3 .
. .
1254 o % als eS¢
. .
. ') oy .
3
c. * «*
1.0 f —8
.
.
084d o hd
0.5 -l.
o T T T T
Healthy NBNC HBY HCV
donor n=8) (n=9) (n=14)
(n=9)

Silent information regulator 1 (SIRT1) expression and histone acetylation in the livers. (a) Comparison of hepatic SIRT1 mRNA expression

levels between healthy donors, non-B non-C (NBNC), hepatitis B virus (HBV) and hepatitis C virus (HCV) patients. (b) Hepatic SIRT1 protein expres-
sion in NBNC patients determined by immunohistochemistry (IHC). Representative images of positive sections (left panels) and negative sections
(right panel). (¢} Comparison of SIRT1 positive tissue rates by IHC in fiver between NBNC and HCV. (d) Comparison of intrahepatic H3K9 relative
acetylation levels between healthy donors, NBNC, HBV and HCV patients. H3K$ relative acetylation is determined by calculating the acetylated-

histone H3K9/total histone H3 ratio.

slucose medium, as with CXCLIO expression (Fig. de).
SRTI1720 treatment also attenuated MCP-1 expression induced
by hypoxia (Fig. 4e). Normalization of the NAD*/NADH ratio
and activation of upregulated SIRTI could improve the inflam-
matory condition in the liver of NBNC hepatitis patients.

Discussion

Several previous studies have reported an association
between SIRT1 and liver disease. For example, in mice stud-
ies, it has been reported that liver-specific mSirtl deficiency
promotes fatty liver development;'”’ and mSirtl forced-

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

expression improves fatty liver progression.‘”’ However. the
role of SIRTI in the liver with non-viral hepatitis is still
unknown.

In this present study, we demonstrate SIRT expression, activ-
ity and NAD™ regulation using noncancerous liver tissue speci-
mens from NBNC patients. We observed that hepatic SIRTI
expression levels in NBNC patients increased compared with
healthy donors or in case of HCV infection (Fig. 1a). Recently,
in vitro studies have shown that SIRT1 expression is repressed
by HCV replication. and SIRT1 inhibition contribute to HCV
replication.**?' HCV replication may also be associated with
low expression levels of SIRT! in clinical liver tissue.
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100 1M deferoxamine (DFX) for 24 h. SIRT1 and HIF12 protein expression levels were detected by western blotting (left panels). Total RNA was
extracted and SIRTT mRNA was measured by reai-time RT-PCR (right graph). Relative expression of non-treated celis (NT) is shown. (b, ¢} HepG2
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Silent information regulator 1 {SIRT1) expression in hypoxic condition. (a) HepG2 cells were treated with 50 uM transferrin (TF) or

were detected by western blotting.

SIRT! expression is upregulated and, therefore, we hypothe-
sized that STRTI contributes to hepatic inflammation or HCC
incidence. To clarify whether SIRTT activity is uplcgnldted,
histone H3K9, the SIRTI-targeted deacetylation site™” 7 and
acetylation levels were determmed Unexpectedly, histone
H3K9 acetylation levels were higher in NBNC patients than
levels observed in healthy donors (Fig. 1d). This indicates a
repression of SIRT! activity in NBNC patients.

NAMPT expression (that converts nicotinamide [NAM] into
nicotinamide moncnucleotide)'” levels were significantly
lower in hepatitis patients than in healthy donors (Fig. 2a).
Therefore, we could not measure the NAM amount in the liver
tissue, although the NAM amount in the hepatitic liver would
be increased. The amount of NAD" was also significantly

Cancer Sci | 2095 | S

lower (Fig. 2¢). NAD" is indispensable in SIRT1 a«.uvny, and
NAM is a SIRT! inhibitor.®* SIRT! inactivation in the hepat-
itic fiver would be caused by NAD* shortage and NAM accu-
mulation.

We measured hepatic mNampt and mSirtl exgxremon levels
using a NASH animal model (STAM mice) 7 to anal yze
whether or not there is an association between the expression
of mNampt and mSirtl and disease progression. Mcp-1 and
Collal expression levels, inflammation and fibrosis progres-
sion markers in this model”, showed an increase compared
with control mice (Fig. S3a). mNampt expression showed a
significant decrease in the livers of 12-week-old STAM mice
(P =0.02) (Fig. S3a). These results indicate that NASH-like
hepatitis progression is associated with a reduction in mNampt

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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expression. mSirtl expression was also measured in STAM
mice. A slight but insignificant increase in 16- and
20-week-old mice was observed (Fig. S3b). SIRT! static
expression in STAM mice would be an interesting observation.
The cause of SIRTI induction might be independent of the
cause of NAMPT decrease. Analysis using another NASH
model with HCC incidence may be needed to address the
SIRT! induction mechanism in vivo. As an alternative hypoth-
esis. decreased levels of mNampt expression could be followed
by increased levels of SIRTT expression to compensate for the
impairment of SIRT1 activity.

We then explored how SIRT1 induction occurred in. the
NBNC liver. We treated HepG2 cells with transferrin or DFX.
DFX induced STIRT1 expression (Fig. 3a). The hypoxic condi-
tion induced SIRTL expression (Fig. 3b—d). Therefore, we

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

focused on HIFI protein, because accumulation of HIFI pro-
tein was observed in DFX-treated and hypoxia-exposed cells.
Several liver sections from NBNC patients were stained with
HIF1 antibodies. HIF! positive blood vessels were also posi-
tive for SIRTL expression (Fig. §2). In HepG2 cells, DNA
damage inducers moderately increased SIRT! expression (data
not shown). DNA damage or other stimuli may associate with
SIRT1 expression in HIF! negative tissues.

In the ASH and NASH liver the microenvironment is
impaired and oxygenation is decreased. This results in a hyp-
oxic condition with HIF1 protein accumulating in hepatocytes
of NBNC paticnts. Therefore, HepG2 cells were exposed to
hypoxic and low NAD" conditions (Fig. 4b) and CXCL10 and
MCP-1 expression were induced (Fig. 4c.e). Improvement in
the NAD"/NADH ratio was achieved by culturing cells in low
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glucose which suppressed the expression of these chemokines.
Treatment  with  SIRT!  activator  SRTI1720  even  more
significantly reduced expression (Fig, dee). In the aleohol-
induced hypoxic liver, a HIF-1 activation in  hepatocytes
results in liver abnormalities, and livcr-t;pcciﬁc deletion of
HIF-1 contributes 10 hcpatm,yw\ protection  from alcohol-
induced liver i mjur) " SIRT1 suppresses HIF-1 activity via a
HIF-1 deacetylation™ and, therefore, SIRT1 expression would
be induced to maintain the liver function in response to hyp-
oxic condition. However, SIRTI activity is inhibited by the
impairment of the NAD*/NADH ratio due to excess alcohol
or nutrient metabolism in NBNC hepatitis, and that may lead
to the exacerbation of hepatic inflammation or abnormalities.
CXCLJO expression was higher in livers of NBNC patients
than in livers of healthy donors (Fig. 4a). CXCLIO deficiency
or neutralization antibodics attenuate non-viral hepatitis in
mice.” Mcp-1 inhibition also improves the hepatitic condi-
tion."”” These results indicate that SIRT! activation by normal-
ization of the NAD"/NADH ratio and SIRT! activator could
improve the inflammatory condition of the liver in NBNC hep-
atitis patients,

A recent report suggests that the SIRTT activator resveratrol
inhibited HBV X protein-induced hepatocarcinogenesis.*> The
present study suggests that NBNC hepatitis and hepatitis B
have in common SIRTI expression, activity and NAD® regula-
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Distinguishing intrahepatic cholangiocarcinoma from poorly
differentiated hepatocellular carcinoma using precontrast and
gadoxetic acid-enhanced MRI

Yoshiki Asayama, Akihiro Nishie, Kousei Ishigami, Yasuhiro Ushijima, Yukihisa Takayama, Nobuhiro Fujita,
Yuichiro Kubo, Shinichi Aishima, Ken Shirabe, Takashi Yoshiura, Hiroshi Honda

PURPOSE -

~ We almed to gain funhar insight in magnetic resonance im-

aging characteristics of mass-forming intrahepatic chofangio-
carcinoma (MICC), its enhancement pattern with gadoxetic
acld contrast agent, and distinction from peﬁtiy differentiat-
ed hepatoce!iuiaf ca:cmcma (pHCC)

METHODS -

Fourteen miCC and 22 pHCC nodules were incl uded in this

study. Two ebservers recorded the tumor shape, intratumeonal
hemarrhage, fat an chemical shilt imaging, signal intensity
at the center of the tumor on T2-weighted image, fibrous
“capsule, enhancement pattern.on arterial phase of dynamic
's‘wdy, fate enhancement three minutes after contrast injec-
tion {dynamic jate phase), contrast uptake on hepatobiliary
phase, apparent diffusion coeﬁicient, vascular invasion, and
mtrahepauc metastasis.

CRESULTS.

Late enhancement was more common in mSCC (n=1 0, 71%)'

than in pHCC (n=3, 14%) (P < 0.001), A fat component was
observed in 11 pHCC cases (50%) versus none of miCC cases
(P =0.002). Fibrous capsulé was observed in 13 pHCC cases

(59%) versus none of miCC cases (P < 0.001). On T2-weight=

ced imagesg hypaintense area was seen at the cenler of the
tumor in 43% of mICC (6/14) and 9% of pHCC (2/22) cases
(P=0.018}, Other parameters were not significantly d;l(ereﬂt
between t the lwo typas of nodules, : i

CONCLUSION

The absence of fat and fibrous capsule, and presence of én-

" hancement at three minutes appear to be most characteristic
for mICC and may help its differentiation from pHCC.
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composed of carcinoma cells that resemble biliary epithelial cells

surrounded by fibrous stroma of various degrees. The Japanese Liver
Cancer Group has classified ICCs into three types: mass-forming, peri-
ductal-infiltrative, and intraductal (1}. The mass-forming type of intra-
hepatic cholangiocarcinoma (miCC) is the most common {60% of all
1CCs) (2) and can show various imaging findings on dynamic computed
tomography (CT) or magnetic resopance imaging (MRI) using extra-
cellular contrast agent (3, 4). Regardless of the findings on the arterial
phase, delayed temporal contrast enhancement is a typical feature of
1CC because of the distribution of extracellular contrast into intratu-
moral fibrous stroma (5).

Intratumoral fat is an important diagnostic clue for hepatocellular
carcinoma (HCC) and is frequently seen in well-differentiated HCCs
(6). However, the frequency of this finding has not been well evalu-
ated in poorly differentiated HCCs (pHCC). From the standpoint of
tumor vascularity, the arterial blood supply significantly decreases as
the histological grade increases in the late stage of HCC development
(7). Thus, pHCC can show hypevascularity or ring-like enhancement,
which sometimes mimics that of mICC. Despite the similarity of imag-
ing findings on the arterial phase, delayed washout of pHCC can enable
its differentiation from mICC when the examination is performed using
an extracellular contrast agent. In spite of their similarities in preoper-
ative imaging, hepatic resection is the only curative option for miCC,
while other treatments such as radiofrequency ablation and transcathe-
ter arterial chemoembolization can be alternative treatment options for
pHCC. Thus, it is important to differentiate mICC from pHCC. Colorec-
tal cancer metastasis is another main differential diagnosis, but usually
it is easily diagnosed from the patients’ history.

Several reports have demonstrated that there is a significant difference
in ADC between benign and malignant lesions and that the mean ADC
of benign lesions is higher than that of malignant lesions (8). Radio-
logically, mICC is expected to be hypointense on Tl-weighted images,
hyperintense with central hypointensity on T2-weighted images, with
no signal drop-off on chemical shift imaging and a low ADC value. Typ-
ically, pHCC is also hypointense on T1-weighted images, hyperintense
on T2-weighted images, with or without signal drop-off on chemical
shift imaging and a low ADC value. Thus, it seems to be difficult to dif-
ferentiate mICC from pHCC on conventional MRI.

Gadoxetic acid, a recently developed hepatobiliary contrast agent,
has become available for detection and characterization of focal hepatic
lesions, and its usefulness has been reported by many researchers (9).

' ntrahepatic cholangiocarcinomas (ICC) are primary liver cancers
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As approximately 50% of the admin-
istered dose of this agent is taken up
by functional hepatocytes, focal liver
lesions without functional hepatocytes
are hypointense (no uptake) on hepa-
tobiliary phase (about 20 minutes after
injection}, in which contrast washout
phenomenon is not valid with hepato-
biliary agents. Thus, even though some
HCC can show the uptake of gadoxetic
acid (10), both mICC and pHCC are
expected to show hypointense lesions
in the hepatobiliary phase, making
them indistinguishable from each oth-
er. Furthermore, the presence of a fi-
brous capsule, a characteristic finding
of classic HCC (11), cannot be evaluat-
ed on hepatobiliary phase. On the oth-
er hand, gadoxetic acid also works as
an extracellular contrast agent for the
first few minutes (12, 13). To the best
of our knowledge, there are no reports
of the late phase (three to five minutes
after contrast injection) imaging fea-
tures of liver tumors on gadoxetic ac-
id-enhanced MRL

The aim of this study was to retro-
spectively determine unenhanced and
gadoxetic-acid enhanced late phase
imaging findings of mICC, with a spe-
cial focus on distinguishing these find-
ings from those of pHCC.

Methods
Patients

We identified 239 consecutive pa-
tients with surgically resected or ex-
planted ICC or HCC at our hospital
from June 2008 to May 2011. Scleros-
ing HCC or mucinous-type ICC pa-
tients were not found in this period.
Eighteen cases of combined HCC and
ICC were excluded. Based on the defi-
nitions provided by the Japanese Liver
Cancer Group (1), 14 cases were mICC
and 25 cases were pHCC. Patients who
had undergone MRI without gadoxet-
ic acid were excluded (three pHCC le~
sions). Thus, a total of 36 patients (14
patients with mICC lesions and 22 pa-
tients with pHCC lesions) were retro-
spectively selected for this study. Clin-
ical data were obtained on serum viral
markers (hepatitis B and hepatitis C),
chronic liver disease, and Child-Pugh
class, Patients with positive serologic
results for hepatitis B surface antigen,
antibody to hepatitis B core antigen, or
anti-hepatitis C virus were considered

to be positive for serum viral markers.
Chronic liver disease was considered
present when the viral marker result
was positive or chronic hepatitis or cir-
rhosis was documented in the medical
records or pathological reports.

Pathological evaluation

Two experienced pathologists (N.F.
and S.I., with four and 13 vears of ex-
perience, respectively) examined the
resected specimens of all 36 cases. All
specimens were fixed with formalin
and cut to a thickness of 5 mm in the
transverse plane, similar to axial MRI
sections. Signs of fibrous capsule and
intratumoral fibrous desmoplasia were
evaluated and compared with MRI
findings.

MRI protocol

MRI sequences are summarized in
Table 1. MRI was performed for all pa-
tients using a superconducting mag-
net operating at 1.5 T (Intera Achieva
Nova Dual; Philips Healthcare) or 3.0 T
(Achieva, Quasar Dual, Philips Health-
care) with a sensitivity-encoding

(SENSE) body coil, including axial in-

phase and out-of-phase TI-weighted
gradient-echo images (chemical shift
imaging, CSI), single-shot T2-weight-
ed spin-echo images with or without
fat suppression, and diffusion-weight-
ed single-shot spin-ccho echo-planar
images. Apparent diffusion coeffi-
cient (ADC) maps were automatically
generated on the operating console
using all three images with b-factors
of 0, 500, and 1000 s/mm?. Dynam-
ic fat-suppressed Tl-weighted gradi-
ent-echo images with a three-dimen-
sional acquisition sequence (T1-high
resolution isotropic volume excitation
[THRIVE]) were obtained using fluoro-
scopic triggering (Bolus Trak, Philips
Medical Systems) before (precontrast)
and at 18-25 s (arterial phase), 55-60
s {portal-venous phase), 90 s {venous
phase), 3 min (dynamic late phase
(14), 10 min, and 20 min following
the administration of gadoxetic acid
(Gadolinium-ethexylbenzyl-dieth-
ylenetriamine pentaacetic acid, Pri-
movist, Bayer). Gadoxetic acid was ad-
ministered as a bolus dose at a rate of
2 mL/s (0.025 mmol/kg body weight)
through an IV cubital line (22-gauge)

cighted spin-echio images; DWI, diffusion
excitation; eTHRIVE, enhanced T1-high
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that was flushed with 20 mL saline us-
ing a power injector,

fmage evaluation

Images of all axial sections of the tu-
mor were evaluated in consensus by two
radiologists (A.N. and K.I. with 17 and
16 years of experience in abdominal
MR, respectively). The reviewers were
blinded to the pathological and clinical
data. Qualitative image analysis includ-
ed assessment of shape, intratumoral
hemorrhage, fat, central hypointensity
on T2-weighted images, fibrous cap-
sule, arterial enhancement pattern, late
enhancement, uptake of contrast on
hepatobiliary phase (20 minutes after
contrast injection), vascular invasion,
and intrahepatic metastasis. The ADC
value was also measured.

Lesion shape was classified as lob-
ulated or round-oval. Intratumoral
hemorrhage was identified by high
signal intensity on CSI without signal
drop-off together with absence of con-
trast enhancement. The presence of fat
was identified by a signal drop-off on
CSI. A fibrous capsule was identified
by a hypointense rim having a thick-
ness of 2 mm or more and encircling
the lesion at the periphery on either
a precontrast gradient-echo image or
T2-weighted images. Rim enhance-
ment seen on the dynamic late phase
was also judged as a fibrous capsule.
The arterial enhancement pattern was
classified as ring-like or other. Late en-
hancement was defined as an area of
gradually increasing intensity on the
dynamic late phase image compared
with that on precontrast and arterial
phases. Positive uptake of contrast on
hepatobiliary phase was qualitatively
defined as higher intensity than those
in the precontrast scan. The ADC value
of each tumor was measured by plac-
ing a region of interest (ROI) on the
ADC map. The largest possible round
or oval RO with an area of at least 0.7
e¢m?® was placed on the solid region
where the ADC was considered to be
the lowest in the entire tumor. Regions
of hemorrhage, degeneration, or ne-
crosis were avoided by referring to the
CSI, T2-weighted images, and contrast
sequences. Nodules that were invisible
on the ADC map were localized on oth-
er MRI sequences and correlated with
the ADC map. When it was difficult to

determine the lowest ADC region visu-
ally, the minimum value was recorded
after placing ROIs on several regions
that the three radiologists judged to
show a low ADC. Other findings such
as capsular retraction, signs of cirrho-
sis, and lymphadenopathy were not
included because these findings were
additional and not inherent,

Statistical analysis

Continuous variables were expressed
as meandstandard deviation (SD) and
were tested using the Student’s t test.
Tumor markers were expressed as me-
dian (minimum and maximum) and
were tested using the Mann-Whitney
U test. Categorical variables were test-
ed using the Fisher's exact test. A dif-
ference with a P value less than 0.05
was considered statistically significant
for all tests. JMP Pro version 11 (SAS
Institute) was used for analyses.

Results
Patient characteristics are shown in
Table 2. We observed a significant dif-

ference in chronic liver disease distri-
bution between the mICC and pHCC
groups (P = 0.006). However, six of
14 cases (42.9%) also had background
liver disease, even in the mICC group.
The two groups had no significant dif-
ference in age, gender, or Child-Pugh
class distribution. There were no cases
of Child-Pugh class C. None of the pa-
tients had large amounts of ascites.
Twenty-six cases (11 mICC and 15
pHCC) were examined by 1.5 T scan-
ner and 10 cases (three miCC and
seven pHCC) were examined by 3.0 T
scanner. Previous investigators report-
ed that 3.0 T MRI is similar to 1.5 T
MURI for various outcomes (15}, thus no
significant difference was to be expect-
ed between 1.5 T and 3.0 T. MRI results
are shown in Table 3. Lobulated shape
was seen in eight mICC cases {57%)
and five pHCC cases (23%), respective-
ty (P =0.036). A fat component was ob-
served in 11 pHCC cases (50%) versus
none of mlCC cases (P =0.002). Fibrous
capsule was observed in 13 pHCC cas-
es (59%) versus none of mICC cases
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