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Table 1 Relationship between clinicopathological features
and expression levels of MYBL2 in 37 hepatocellular carcino-
mas (HCC)

MYBL2 P
Low High
(< median) (> median)
(n=19) (n=18)
Age
<65 6 13 0,013
265 13
Sex
Male 13 14 0.522
Female 6 4
Tumor size
<5 cm 8 11 0.248
25 am 11 7
Tumor differentiation
Well 3 2 0.403
Moderate 11 14
Poorly 5 2
Stage
LI, m 16 12 0.214
w 3 6
HBV infection status
Positive 2 6 0.158
Negative 16 10
Unknown | 2
HCV infection status
Positive 15 11 0.491
Negative 3
Unknown 1 2
Backgroud liver tissue
MNormal 1 1 0.492
Chronic hepatitis 15 11
Liver Cirrhosis 1 4
Linknown 2 2
4 test.

next examined the available data from 37 HCC patients,
whose tumors were divided into high- and low-
expression groups based on where they fell relative to
the median of level of MYBL2 mRNA expression
(Table 1). High expression of MYBL2 was significantly
associated with samples from patients less than 65 years
old as compared with samples from patients 65 and
older. However, we observed no significant link with
any other parameter that was examined, including the
sex of the patient, the size, degree of differentiation, or
stage of the tumor, HBV or HCV infection, or features of
non-tumorous liver samples from these patients.

© 2008 The Japan Society of Hepatology
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Amplification of MYBL2 in HCC

Amplification of chromosomal DNA is one of several
mechanisms capable of activating genes, a phenomenon
that contributes to the development and progression of
cancers, MYBL2 is located at 20q13, where a gain in
DNA copy number is frequently observed in various
tumors,'” including HCC.* Based on this observation,
we decided to determine the MYBL2 copy number in
DNA derived from 21 liver cancer cell lines (20 HCC
cells and the hepatoblastoma line HepG2) using real-
time quantitative PCR. Copy number changes were
counted as gains if the results for a given cell line
exceeded the mean plus twice the standard deviation of
the levels of MYBL2 observed in genomic DNA derived
from four samples of peripheral blood lymphocytes (i.e.
from normal cells). MYBL2 exhibited copy-number gain
in 19 of the 20 lines (Fig. 3A). We then used FISH to
more directly test copy-number gain of MYBL2 in these
cell lines. In JHH-5 cells, a representative example, the
number of FISH signals was higher than normal (ie.
seven signals were detected in single cells; Fig. 3B). In
addition, to ask if MYBL2 was amplified in primary
tumors, we examined 66 primary HCCs for a gain in
copy number. Copy-number gain for MYBL2 was
observed in 36 of the 66 tumors (55%; Fig. 3C). These
findings suggested that copy-number gain of MYBL2 acts
synergistically with transcriptional activity of E2F1 to
upregulate MYBL2 expression in HCCs.

B-Myb downstream genes

To explore B-Myb-inducible genes in HCC, we analyzed
eight genes previously reported to be downstream
targets of B-Myb: CDC2;*' CCNAZ2;* TOP2A (which
encodes DNA topoisomerase [ a);” FGF4 (fibroblast
growth factor 4)* POLA (DNA polymerase a);”
CCND1 (cyclin D1);! CLU (clusterin/Apo]);** and BCL2
(BCL-2).”" Of these, CDC2, CCNA2, TOP2A, FGF4,
POLA, and CCND1 have been implicated in progression
of cell cycle, and CLU and BCL2 appear to be involved in
anti-apoptotic activity. We knocked down expression of
MYBL2 via siRNA in JHH-5 cells (Fig. 4A). Upon siRNA-
mediated knockdown of MYBL2, we observed reduced
expression of only CDC2, CCNA2, and TOP2A among
the eight candidate genes examined (Fig. 4A). These
three genes (CDC2, CCNA2, and TOP2A) were signifi-
cantly over-expressed in 22 primary HCC tumors as
compared with their counterpart non-tumorous tissues
(Fig. 4B); that is, CDC2 was over-expressed in 21 HCC
tumors (95%); CCNA2 in 20 (91%); and TOP2A in
19 (86%). Moreover, expression levels of MYBL2

— 315 —



Hepatology Research 2008; 38: 886-895

(a)

Relative copy numbers

JHH-1
JHH-2
JHH-4
JHH-5
JHH-6
JHH-7
SNU354
SNU368
SMU387
SNU388
SNU423
SNU449
SNU475
huH-1
Huh?
HepG2
Hep3B
HLF

(c)

L

Primary HCC

Relative copy numbers

Li7
HLE

PLC/PRF/5

B-Myb and hepatocellular carcinoma 891

N3 ——|;

N1
N2
N4

il

N1 to N4

Figure 3 Amplification of MYBL2 in hepatocellular carcinoma (HCC). (A) Relative copy number of MYBL2 determined by
real-time quantitative PCR in 21 HCC cell lines and normal peripheral lymphocytes (N1 to N4), Results are presented as the ratio
between MYBL2 and a LINE-1 control, and were normalized such that the average ratio in four normal DNAs (N1 to N4) is 2 (solid
horizontal line), The mean + 2 x SD of normal lymphocytes (dotted line) was used as the cut-off for a copy-number gain. (B)
Representative image of interphase FISH for MYBL2 in JHH-5 cells. In this case, seven twin-spot FISH signals can be observed. (C)
Relative copy number of MYBL2 in 66 primary HCC tumors determined as in (A). Values were normalized such that the average
copy number of MYBL2 in genomic DNA derived from four normal lymphocytes is 2 (solid horizontal line), The mean + 2 x 5D
of normal lymphocytes (dotted line) was used as the cut-off for a copy-number gain,

significantly correlated with those of CDC2, CCNA2,
and TOP2A in 22 primary HCCs (Fig. 4C). These results
suggest that CDC2, CCNA2, and TOP2A are probable
transcriptional targets of B-Myb in HCC.

DISCUSSION

N THE PRESENT study, we examined expression of
E2F1 and candidate E2F1 target genes in primary
HCCs. Our results show that both E2F1 and MYBL2 are

over-expressed in primary HCCs (Figs 1,2B,C) and that
there is a significant correlation between expression of
E2F1 and MYBL2 (Fig. 2D). RNAi-mediated reduction
of E2F1 in HCC-derived cells inhibits expression of
MYBL2 (Fig. 2A). These findings suggest that MYBL2
may be a transcriptional target of E2F1, which could
explain the upregulation of MYBL2 we observed in
HCC. Furthermore, a gain in MYBL? copy-number
was frequently observed in both HCC cell lines and
primary HCC twmors (Fig. 3). Thus, in addition to

© 2008 The Japan Society of Hepatology
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Figure 4 CDC2, CCNA2, and TOP2A are probable transcriptional targets of MYBL2 in hepatocellular carcinoma (HCC). (A)
siRNA-mediated knockdown of MYBL2 in HCC cell lines. JHH-5 cells were treated with 5 nM siRNA targeting MYBL2 (siMYBL2)
or control siRNA (non-silencing), and harvested 48 h after transfection. Untreated cells were maintained under identical experi-
mental conditions. Relative expression of MYBL2 and putative downstream genes were evaluated by real-time quantitative RT-PCR.
Results are presented as the ratio between expression of each gene and a reference (GAPDH) to correct for variation in the amount
of RNA. Relative expression levels were normalized such that the ratio in untreated cells is 1. (B) Relative expression of CDC2,
CCNA2, and TOP2A in paired umor (1) and non-tumor (NT) tissues from 22 patients as determined by real-time quantitative
RT-PCR. (C) Correlation between expression of MYBL2 and that of CDC2, CCNA2, or TOP2A in 22 primary HCC mimors. Pearson’s
correlation coefficient analysis revealed that there was a significant correlation between the level of expression of MYBL2 and that

of each of the three genes.

transcriptional activation of MYBL2 by E2F1, expression
of MYBL2 may also be upregulated in HCC as a result of
amplification of the MYBL2-containin genomic region
in these cells.

Our results are consistent with earlier research.
MYBL2 is frequently amplified in a variety of tumor
types, including breast,”® ovarian,* melanoma,” and
HCC." Moreover, MYBL2 is amplified and over-
expressed in breast cancer cell lines.”” MYBL2 is over-
expressed in prostate metastases relative to localized
tumors."" Elevated expression of MYBL2 is also observed
in advanced neuroblastoma and correlates with a poor
prognosis.* Although the direct role of B-Myb in cancers
is not yet fully established, these lines of evidence,
together with ours, indicate that B-Myb has oncogenic
potential.

We also looked at the relationship between expression
levels of MYBL2 in primary HCCs and clinicopathologi-
cal parameters (Table 1). With the exception of the age
of the patient, no parameter tested, including tumor
size, differentiation or stage, correlated with MYBL2
expression. This may suggest that MYBL2 is upregulated
in early stages of HCC formation.

We next examined transcriptional targets of B-Myb
in HCC. Among the eight candidate genes examined,
only CDC2, CCNA2, and TOP2A were suppressed at the
mRNA level following siRNA-mediated knockdown of
MYBL2 (Fig. 4A). Correspondingly, these three genes are
significantly over-expressed in primary HCC tumors
(Fig. 4B) and expression of the three genes correlates
with MYBL2 expression (Fig. 4C). These results suggest
that CDC2, CCNA2, and TOP2A are downstream targets
of B-Myb. Interestingly, Cyclin A2, which is encoded by
CCNA2, forms a complex with CDC2, whose activity
peaks at the G2/M transition of cell cycle, and CDC2-
cyclin A2 kinase activity is required to enter M phase.
Our results are consistent with the recent findings that
B-Myb, together with E2F1, regulates expression of
genes required for the G2/M phase of the cell cycle, such
as CDC2, cyclin A2, and cyclin B1.#

We found that si-RNA-mediated reduction of E2FI
inhibited expression of MYBLZ, but not CCNA2
(Fig. 2A). However, si-RNA-mediated knockdown of
MYBL2 inhibited expression of CCNA? (Fig. 4A). It is
unclear why reduction of E2F1 did not lead to a decrease
in expression of CCNA2 through a decrease in the
expression of MYBL2. There might be a time lag between
suppression of MYBL2 and CCNA2 expression following
si-RNA-mediated knockdown of E2F1.

Topoisomerase Il o, which is encoded by TOP2A,
forms breaks in double-stranded DNA, allowing strands
to separate during replication. Cyclin A2, CDC2, and
topoisomerase |1 « are all essential for cell cycle progres-
sion. Thus, these genes seem reasonable target for
B-Myb regulation.

We have shown that E2F] is over-expressed in pri-
mary HCC tumors and that MYBL2 expression is also
up-regulated in HCCs, suggesting that MYBL2 is a tran-
scriptional target of E2F1. Frequent amplification of
MYBL2 in HCCs is likely to be an additional mechanism
leading 1o MYBL2 over-expression. Further, the CDC2,
CCNA2, and TOP2A genes may be transcriptional
targets of B-Myb. Our results suggest that B-Myb may
play an important role in initiation or progression {or
both) of HCC and thus, may represent an optimal target
for development of novel therapies for this widespread

tumor type.
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Abstract

High-density single nucleotide polymorphism (SNP) array analysis revealed novel amplification at
1921 in cell lines derived from hepatocellular carcinomas (HCCs), Fluorescence in situ hybridiza-
tion and real-time quantitative polymerase chain reaction studies verified amplification at 1q21. An
increase in copy number at the region was detected in 32 of the 36 primary HCC tumors (89%). To
identify the targets for amplification, we examined 19 HCC cell lines for expression levels of all 26
genes located within the 700-kb amplified region. Five genes were overexpressed in cell lines with
amplification at 1g21. Among these, CREBIL4 (cAMP responsive element binding protein 3-like
4), INTS3 (integrator complex subunit 3), and SNAPAP (SNAP-associated protein) were signifi-
cantly overexpressed in tumors from 18 HCC patients, compared with counterpart nontumorous tis-
sues. The findings suggest that CREB3FL4, INTS3, and SNAPAP are probable targets for the
amplification mechanism and may therefore be involved, together or separately, in the development

or progression of HCCs.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Amplification of DNA in certain chromosome regions
plays a crucial role in the development and progression
of human malignancies, specifically when proto-oncogenic
target genes within those amplicons are overexpressed. On-
cogenes that are often amplified in cancers include MYC,
ERBB2, and CCND/. The initial approach to genome-wide
detection of copy number aberrations in cancers was com-
parative genomic hybridization (CGH) [1]. Using CGH
analyses, we detected novel regions of amplification in var-
ious types of tumor. Within these amplicons, we identified
a number of additional proto-oncogenes that may be upre-
gulated by DNA amplification [2—6]. CGH has limited res-
olution (5—10 Mb), however, in that it detects segmental
copy number changes on metaphase chromosomes [1].

The recent introduction of high-density oligonucleotide
microarrays designed for typing of single nucleotide poly-
morphisms (SNPs) allows for high-resolution mapping of

* Corresponding author. Tel.: 4+-81-75-251-5519; fax: +81-75-251-
0710.
E-mail address: yasuik @koto kpu-m.ac.jp (K. Yasui).

0165-4608/08/S — see front matter © 2008 Elsevier Inc, All nghts reserved,
doi:10.1016/).cancergencyto.2007.09.013

chromosomal amplifications, deletions, and loss of hetero-
zygosity [7—11]. The GeneChip Mapping 100K array set
(Affymetrix, Santa Clara, CA) contains 116,204 SNP loci,
with a mean intermarker distance of 23.6 kb, and enables
detailed and genome-wide identification of DNA copy
number changes [12—14].

In the present study, we identified novel, high-level am-
plification at 1q21 using the Affymetrix GeneChip Map-
ping 100K array analysis against a panel of cell lines
derived from hepatocellular carcinoma (HCC). Worldwide,
HCC is the fifth most common malignancy in men and the
eighth most common in women [15]. Previous CGH studies
of HCC, including ours [3], have revealed that the most fre-
quent copy number gains occur on 1q (58—78%) [16—18].
Gains in 1q21~q23 were identified as a genomic event as-
sociated with the ecarly development of HCC [19]. Recur-
rent gains at 1q21~q23 have been observed in not only
HCC but also in tumors including squamous cell carcino-
mas of the head and neck, lung cancer, desmoid tumors,
and sarcomas [20,21]. These findings suggest that 121 har-
bors one or more proto-oncogenes whose overexpression
following amplification contributes to the initiation or
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progression of HCC. We therefore performed molecular
definition of the 1q21 amplicon. Three genes emerged as
possible targets: CREB3L4, INTS3, and SNAPAP.,

2. Materials and methods
2.1. Cell lines and tumor samples

A total of 19 HCC-derived cell lines were examined:
HLE [22], HLF [22]), PLC/PRF/5 [23], Li7 [24], Huh7
[25], Hep3B [26], SNU354 [27], SNU368 [27], SNU387
[27], SNU398 [27], SNU423 [27], SNU475 [27], JHH-1
(28], JHH-2 [28], JHH-4 [28], JHH-5 [28], JHH-6 [28],
JHH-7 [28], and Huh-1 [29]. All cell lines were maintained
in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% fetal bovine serum. We obtained 36 pri-
mary HCC tumors from patients undergoing surgery at the
hospital of Tokyo Medical and Dental University and Kyoto
University. Genomic DNA was isolated from all cell lines
and primary tumors using the Puregene DNA isolation kit
(Gentra Systems, Minneapolis, MN),

Informed consent and Ethics Committee approval were
obtained before initiation of the study.

2.2. SNP assay

GeneChip Mapping 100K array set (Affymetrix, Santa
Clara, CA) analyses were performed according to the

manufacturer’s instructions. Briefly, 250 ng of genomic
DNA was digested with a restriction enzyme (Xbal or Hin-
dIII), ligated to an adaptor, and amplified by polymerase
chain reaction (PCR) [8,9,30]. Amplified products were
fragmented, labeled by biotinylation, and hybridized to mi-
croarrays. Hybridization was detected by incubation with
streptavidin—phycoerythrin conjugate, followed by scan-
ning, and analysis was performed as described previously
[30,31].

Copy number changes were calculated based on SNP
hybridization signal intensity data from the experimental
sample relative to intensity distributions derived from a ref-
erence set containing > 100 individuals using the Affyme-
rix Chromosome Copy Number Analysis Tool software
and algorithm (CNAT version 2.0; http://www.affymetrix.
com/support/developer/tools/affytools.affy) [32].

2.3. Real-time quantitative PCR

We quantified genomic DNA and mRNA using the real-
time fluorescence detection method. Total RNA was
obtained using Trizol reagent (Invitrogen, Carlsbad, CA).
Residual genomic DNA was removed by incubating RNA
samples with RNase-free DNase I (Takara Bio, Shiga, Ja-
pan) prior to reverse transcriptase PCR. Single-stranded
complementary DNA (¢cDNA) was generated using Super-
Script Il reverse transcriptase (Invitrogen) according to
the manufacturer’s directions. Real-time quantitative PCR

Table 1
Primer sequences used for real-time quantitative polymerase chain (PCR)
Gene Forward primer Reverse primer PCR product size, bp
S$100A6 5GAAGGAGCTGAAGGAGCTGA-Y §CCCTTGAGGGCTTCATTGTA-Y 177
5100A5 5-AGAGCTGTGTCTIGGGGAGA-Y §-CCCTGGTCACTTGTTGTCCT-3 166
S100A4 5. GATGAGCAACTTGGACAGCA-Y 5.CTICCTGGGCTGCTTATCTG- Y 127
51003 5-CGAGGTGGACTTTGTGGAGT- §-GGGCCTCCTAGGTAAAATGG-3 244
5100A2 5-CTTCCTGGGTCTGTCTCTGC-Y 5-TCCCCCTTACTCAGCTTGAA-Y 142
S100A16 5-ATGTTCCTGCCAAATTCCTG-Y 5.GAGAGGTCTCTGCTGCTGCT-3' 142
510014 5-CTGACCCCTTCTGAGCTACG-Y' 5.CCAGAGGGAGTTCTCAGTGC-3 214
5100413 5-TCCAACTGGAACCTIGAACC-¥ 5 -GATCTGGAAGTGGGTGGAGA-3' 155
5100A1 5-“GOGAGACCCTCATCAACGTGT-3' 5-CAGCCACAAGCACCACATAC-Y 215
Clorf77 5"-GOTOGGTAGAGGTCGGGGTAT-Y 5.GCATCCAGGTGTCCTITTGT-3 167
SNAPAP 5'-AGGAACGACTGAGACGGCTA-Y 5-GTAAATTCCCGAATCCAGCA-Y 80
iLF2 5"-COTGGAAAGCCTAAGAGCAC-Y 5-GAAGATTGGGTGGCACTGTT-3 128
NPRI 5'-GCATTGAGCTGACACGAAAA-Y 5".CCTTGACGATGTCATTGGTG-3 219
INTS3 5'-GGTACGGGAACTGGTGAAGA-Y 5-CTGCTCTTCAGGACCCACTC-3 162
SLC27A3 5'-ATACCTGGGAGCGTTTTGTG-¥ §-CCGCTGTCCTGTGTAGTTGA-Y 104
GATAD2B 5-TICTTTGCCCTCTGTGCTTT-3' 5".GGCATCTCGTACCTCTGAGC-3' 21
KIAAD4 76" 5'-CTATGGGCTGTGGTICCTGT-3 5. TGCCCATAGTGTGAGCAGAG-3 17
CRTC2 §-TICAGTGCAGTCCTCAGGTG-3 5-“GCTGAACTGCTCCAGATTCC-¥ 145
SLCI9AI 5'-GOATIGGGGAAGACACTTGA-Y 5“GAAATGGGCTAGGACCAACA-3' 159
CRER3L4 5-GACCAGAAGCTGGGTCTGAG-3 S-TGTTACGTCCTTGTGGGTCA-Y' 7
IT8 5-ACGTATTGTCCCTGCTCACC-¥ 5.GCTGCTCACTGGGAATTAGC-3 165
RABI3 5'-GAGCCATGGGCATIATCCTA-3Y' 5.CCTTCTGCACCTTCCTCTTG-3' 162
RPS27 5"-CGCAAAGGATCTCCTTCATC-3' 5-CGTTTGTGCATGGCTAAAGA-3' 148
NUP2IOL 5-CTUTOAACAGAGGUCTGACA-Y 5 -GCTCAATGGCATGCTCTACA-3 96
TPM3 5-GGGTTTGAAGCTGCTGTCTC-Y 5.CCACAAACCCAAAGCAAAGT-Y 137
Clorf89 5-ATGCAGGACACCATGGTACA-3' §-TCCTGCTGGTACTGCTGATG-Y 13
* The approved gene symbol for the KIAAO476 gene is now DENNDYE (hup:/www.g org). For simplicity, the previ bol is d
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10ol, Green lines show copy number gains; red lines correspond to losses of genomic material. (B) Map of 1921 amplicon. The graph represents the copy
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a probe for Nl in gitu hybr (FISH), and the STS marker (RH12271) used for real-time quantitative polymemse chain reaction (PCR) are
shown, according to the UCSC genome database (hitp://genome.ucsc.edw/). (C) Rep ive FISH images using BAC RP11-1115K24 on metaphase chro-
mosomes from SNU36E cells. The image shows strong homogeneously staining region signals on a marker chromosome. (D) Copy numbers at the STS
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experiments were performed with the LightCycler system
using FastStart DNA Master Plus SYBR Green | (Roche
Diagnostics, Penzberg, Germany) according to the manu-
facturer’s protocol, Primers used for PCR (listed in Table 1)
were designed using Primer3 version 0.4 (hup:/frodo,wi.
mit.edu/cgi-bin/primer3/primer3_www.cgi) on the basis of
sequence data obtained from the U.S. National Center for
Biotechnology Information Entrez Gene database (hitp://
www.ncbi.nlm.nih.gov/). GAPDH [33] and long interspersed

nuclear element 1 (LINE-1) [Sf] were used as endugfmuns Ty re— Nﬁl
controls for mRNA and genomic DNA levels, respectively. ymphocyte

Relative copy number
D - N WD ~Nw D O

Fig. 2. Copy number gain at 1421 in primary HCC tumors, Copy number
at the STS marker locus RH12271 in 36 primary HCC tumors and lour

24. Fluorescence in situ hybridizasion normal peripheral blood lymphocytes were determined by real-time guan-
y 5 o o ) z titative PCR with reference to LINE-| controls. Values are normalized
Fluorescence in 5I|lu hybndl'zalmn ‘(FIISH) experiments ks e e o SorTas S TINA deived Friacs: Foast

ee pcrforrnl:d using bacterial anlﬁcm! l;:hmm(l}soml: normal lymphocytes has a value of 2 (solid horizontal line). The mean

(BAC; RP11-1115K24) as a probe, as described previously 4+ 2 % SD of normal lymphocytes was used to determine the cutoff value

[2]. Briefly, the probe was labeled with biotin-16-dUTP for copy number gain (dotted horizontal line).
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(Roche Diagnostics) by nick translation and was hybridized a strong homogeneously staining region (HSR), indicating
to metaphase chromosomes. Hybridization signals for bio- high-level amplification (Fig. 1C). Furthermore, we deter-
tin-labeled probes were detected using avidin—fluorescein mined gene dosage at the STS marker RH12271 (Fig. 1B)
(Roche Diagnostics). locus present within the amplicon by real-time quantitative

PCR using DNA dernived from 19 HCC cell lines. Amplifica-
tion at the locus was observed in SNU368 cells (Fig. 1D).
These findings confirmed amplification at 1g21 in SNU368

3. Results cells,
3.1. Detection of 1q21 amplicon in HCC cell lines by
SNP array analysis 3.2, Amplification of 1g21 locus in primary HCC tumors
In the course of investigating DNA copy number aberra- To determine whether the 1q21 region was amplified in
tions in HCC cell lines by high-density SNP microarray primary tumors, we examined copy numbers at STS marker

(Affymetrix GeneChip Mapping 100K array), we found RHI2271 in 36 primary HCCs by real-time quantitative
that SNU368 cells exhibited high-level amplification at PCR. Copy number changes were rated as gains if they ex-

1921 (Figs. 1A, 1B). The extent of this amplicon was esti- ceeded the mean plus 2 standard deviations of the levels in
mated to be 700 kb (between Affymetrix SNP_A-1737869 normal genomic DNA derived from four peripheral blood
and SNP_A-1662365). FISH analysis in SNU368 cells, us- lymphocytes. The locus was amplified in 32 of the 36

ing BAC RP11-1115K24 as a probe (Fig. 1B), revealed tumors (89%) (Fig. 2).
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3.3. Identification of candidate target genes in 121
amplicon

To explore candidate target genes involved in 1g21 am-
plification, we determined the expression levels of all 26
genes within the amplicon in our panel of 19 HCC cell lines
by real-time quantitative reverse transcriptase PCR. Five
genes (Clorf77, SNAPAP, INTS3, CRTC2, and CREB3L4)
were found to be overexpressed in SNU368 cells showing
amplification at 121, as shown in Figure 3. In several other
lines, one or more of those five genes was overexpressed
without amplification. These findings suggested that the
five genes are candidate targets for 1q21 amplification.

34. Upregulated expression of CREB3LA4, INTS3,
and SNAPAP in primary HCC tumors

We determined the expression levels of the five candi-
date genes in paired tumor and nontumor tissues from 18
HCC patients using real-time quantitative reverse transcrip-
tase PCR. CREB3LA4, INTS3, and SNAPAP were signifi-
cantly overexpressed in 14 (78%), 14 (78%), and 13 (72%)
of the tumors, respectively, compared with their counterpart
nontumorous tissues (Wilcoxon signed-rank test; P = 0.006,
P = 0.015, and P = 0.014, respectively) (Fig. 4). On the
other hand, expression of Clorf77 or CRTC2 was not upre-
gulated in HCC tumors. These results suggest that
CREB3LA, INTS3, and SNAPAP are probable target for the
1921 amplicon.

4. Discussion

The high-density SNP array analysis successfully identi-
fied high-level amplification in the narrow region at 1q21 in
HCC cell lines (Figs. 1A, 1B). Frequent amplification in
this region has been observed not only in HCC cell lines
but also in primary HCC tumors (Figs. 1D, 2). Possible on-
cogenes such as ETV3 (alias PE-1) [34], MUCI [35], and
NTRK1 (alias TRK') [36] are located within 1g21. Three
growth-related genes located in 1q21, HAXJ, SHCI, and
CKSIB, were shown to be upregulated in HCC tumors,
compared with the nontumorous tissues [37]: however,
the positions of these genes were outside the amplicon
we detected. The results of subsequent experiments suggest
that CREB3L4, INTS3, and SNAPAP are probable targets
for the amplicon among the 26 genes examined; the three
transcripts were overexpressed in SNU368 cells that ex-
hibited amplification (Fig. 3) and were significantly upregu-
lated in primary HCC tumors, compared with their
nontumorous counterparts (Fig. 4).

CREB3L4 (cyclic AMP responsive element binding pro-
tein 3-like 4), also referred to as AIbZIP [38], belongs to
the CREB/ATF family of transcriptional factors. In hu-
mans, CREB3L4 transcripts are detected exclusively in
the prostate, as well as in prostate and breast cancer cell
lines [38]. Immunostaining of prostate tumors showed that
CREB3LA4 protein levels were higher in cancerous prostate
cells than in adjacent noncancerous cells [38]. INTS3
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Fig. 4, Relative expression of Clorf77, SNAPAP, INTS3, CRTC2, and CREB3LA in paired tumor (T) and nontumor tissues (NT) from 18 patients with pni-
mary HCC. CREB3L4, INTS3, and SNAPAP were significantly overexpressed in primary HCC tumors. Expression levels of each gene were evaluated by real-
time quantitative reverse transcriptase PCR and normalized against levels of GAPDH.
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(integrator complex subunit 3) encodes one of the subunits
of the Integrator complex. Baillat et al. [39] described an
RNA polymerase Il complex that contains at least 12 novel
subunits, termed the Integrator, in addition to core RNA
polymerase Il subunits. The Integrator is found to be asso-
ciated with the C-terminal domain of RNA polymerase II
and mediates the processing of small nuclear RNAs
(snRNAs). SNAPAP (snare-associated protein; also known
as Snapin), is a component of the SNARE complex of pro-
teins that is implicated in synaptic vesicle docking and fu-
sion [40], and is also a component of biogenesis of
lysosome-related organelles complex-1 (BLOC-1), a ubiqui-
wusly expressed multisubunit protein complex required for
the normal biogenesis of specialized organelles of the endo-
somal-lysosomal system [41]. Liule is known about the
possible relationships between INTS3 or SNAPAP and
tumorigenesis,

Functional studies are needed to clarify the roles of these
three genes in 1g21 amplification, because it is possible that
coactivation of these genes leads to development and pro-
gression not only of HCCs but also of other types of
tumors.
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Adipose tissue is a massive source of bioactive sub-
stances known as adipocytokines, including tumor
necrosis factor (TNF)-a, resistin, leptin, and adiponec-
tin. Recent advances in medical research view obesity as
a chronic low-grade inflammatory state. Hypertrophied
adipocytes in obesity release chemokines that induce
macrophage accumulation in adipose tissue. Accumu-
lated macrophages in obese adipose tissue produce
proinflammatory cytokines and nitric oxide, and these
inflammatory changes induce adipocytokine dysregula-
tion. The latter is characterized by a decrease in insulin-
sensitizing and anti-inflammatory adipocytokines, and
an increase in proinflammatory adipocytokines. Adipo-
cytokine dysregulation induces obesity-related meta-
bolic disorders, the so-called metabolic syndrome.
Metabolic syndrome is a cluster of metabolic abnormali-
ties, including diabetes mellitus, hypertension, hyper-
lipidemia, and nonalcoholic steatohepatitis (NASH).
Recent studies have revealed that obesity is an indepen-
dent risk factor for chronic liver diseases, such as NASH,
alcoholic liver disease, chronic hepatitis C, and hepato-
cellular carcinoma. A common mechanism underlying
these hepatic clinical states is thought to be adipocyto-
kine dysregulation. In this review, we discuss the asso-
ciation of adipocytokines, especially leptin. adiponectin,
TNF-a, and resistin, with liver diseases.

Key words: nonalcoholic steatohepatitis (NASH),
chronic hepatitis C, obesity, adipocytokine, adiponec-
tin, leptin, TNF-a

Introduction

Adipose tissue is an energy-storing organ that produces
and secretes several bioactive substances' known as

Received / Accepted: May 1, 2008
Reprint requests to; N. Hayashi

adipocytokines,” such as adiponectin,’ leptin.” resistin,”
plasminogen activator inhibitor 1 (PAI-1)," and tumor
necrosis factor @ (TNF-t).” Recent studies have sug-
gested that obesity is a state of chronic, low-grade
inflammation that contributes to insulin resistance and
type 2 diabetes.*’ Hypertrophied adipocytes in obesity
release chemokines, which recruit macrophages, espe-
cially in visceral adipose tissue. Adipose tissue macro-
phages produce nitric oxide (NO) and inflammatory
cytokines such as TNF-u, interleukin (IL)-6, and IL-1J.
These inflammatory changes in adipose lissue induce
adipocytokine dysregulation: a decrease in insulin-
sensitizing and anti-inflammatory adipocytokines such
as adiponectin, and an increase in proinflammatory adi-
pocytokines involved in insulin resistance such as TNF-
«, interleukins, and resistin'™"" (Fig. 1). Furthermore,
adipocytokine dysregulation is thought to play a crucial
role in metabolic syndrome.”

Hepatic cirrhosis is six times more prevalent in obese
individuals than in the general population,”™" and
obesity is an independent risk factor for severity of
liver fibrosis in nonalcoholic steatohepatitis (NASH),
alcohol-induced liver disease, chronic hepatitis C
(CHC), and hepatocellular carcinoma (HCC)."™
Recently, several studies have reported that adipocyto-
kine dysregulation affects the pathological state of liver
diseases.”™ For example, serum leptin and TNF-u
levels were significantly higher, and adiponectin levels
were significantly lower, in patients with NASH than in
controls.” In this review, we describe the important
roles of adipocytokines in liver diseases.

Leptin

Leptin is a 167-amino acid secreted protein encoded by
the ob gene, and was identified by positional cloning in
the ob/ob mouse as a key molecule in the regulation of
body weight and energy balance.” Leptin is produced
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Fig. 1. Current hypothesis regarding the mechanism of adipo-
cytokine dysregulation. TNF-a, tumor necrosis factor o

mainly by adipocytes. The expression of leptin in adi-
pocytes is transcriptionally regulated, and is determined
mainly by the status of energy stores in white adipose
tissue and the size of adipocytes.’ However, recent
studies have confirmed that leptin is also expressed in
other tissues such as skeletal muscles, stomach, ovaries,
and liver.” Leptin plays a key role in the regulation of
appetite and body weight. It also acts on the hypothala-
mus, altering energy intake by decreasing appetite and
increasing energy expenditure via sympathetic stimula-
tion of several tissues.” Mutations in the leptin gene
cause obesity in rodents and human,”™

Serum leptin concentrations correlate well with body
weight and body fat mass, and are higher in women than
in men even after adjustment for age and body mass
index,”

Leptin resistance

Circulating leptin levels are elevated in obese subjects,
but these subjects are resistant to the action of leptin,
Leptin acts by binding to its receptor, Ob-R, and its
gene is alternatively spliced into several isoforms. One
of the splice variants, Ob-Re, is a soluble leptin receptor
and binds to leptin to form a leptin-Ob-Re complex.”
The complex formation can delay leptin clearance and
thereby increase the availability of bioactive leptin.* In
obese individuals, the serum free leptin level is high,
and the Ob-Re level is low, resulting in a low leptin-Ob-
Re complex level. A low serum Ob-Re level and low
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leptin-Ob-Re complex level can be markers of leptin
resistance. However, excess Ob-Re is likely to inhibit
free leptin function, because the complex cannot acti-
vate the transmembrane leptin receptor Ob-Rb.* Other
groups have argued that diet-induced obesity causes
downregulation of Ob-Rb and results in impairment of
leptin signaling. ™"

Recent studies indicate that leptin can inhibit the
orexigenic peptides (neuropeptide Y. agouti-related
peptide) and stimulate the secretion of anorexigenic
peptide (c-melanocyte-stimulating  hormone) from
arcuate melanocortin neurons of lean mice. However,
leptin failed to modulate the secretion of these peptides
in high-fat-diet-induced obese (DIO) mice. Such resis-
tance to leptin is due to increased levels of suppressor
of cytokine-signaling protein 3 (a negative regulator of
leptin signal transduction) in the arcuate nucleus in the
hypothalamus of DIO mice. A reduction in diet fat
content resulted in recovery of leptin responsiveness in
DIO mice.

Leptin and liver diseases

In animal models, leptin prevents lipid accumulation in
nonadipose tissues, such as skeletal muscles, pancreas.
and liver, a concept referred to as lipotoxicity.™ In the
liver, leptin achieves its antilipogenic effects by lower-
ing the expression of sterol regulatory element binding
protein 1 (SREBP-1).* Patients with severe lipodystro-
phy present with hepatic steatosis and hepatocellular
ballooning injury. similar to that seen in NASH, and
recombinant leptin significantly reduces serum levels of
triglycerides, transaminases, and liver fat content and
improves hepatomegaly in these patients.”

Leptin injections in mice treated with carbon tetra-
chloride increased the expression levels of procollagen-
I, transforming growth factor B1 (TGF-B1), and smooth
muscle actin, a marker of activated hepatic stellate cells
(HSCs). and eventually resulted in tissue fibrosis.” In
the liver, leptin directly promotes fibrogenesis by stimu-
lating the production of tissue inhibitor of metallopro-
teinase 1 via the Janus kinase/signal transducer and
activator of transcription pathway in activated HSCs,
which are a central player in liver fibrosis.”” Moreover,
leptin is described as a potent mitogen for HSCs and an
inhibitor of apoptosis of HSCs through extracellular
signal-regulated kinase (ERK) and the Akt-dependent
pathway.” Activated HSCs acquire the ability of secrete
leptin and are thought to further promote liver fibro-
sis. In addition, leptin increases the expression of
TGF-B1 in sinusoidal endothelial cells and Kupffer
cells. In Zucker (fa/fa) rats, a naturally occurring func-
tional leptin receptor-deficient animal, thioacetamide-
induced hepatic fibrosis was prevented almost completely
and induction of TGF-B1 and activation of HSCs were
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abolished.” Considered together, the above results indi-
cate that leptin and its functional receptor play a pivotal
role in profibrogenic responses in the liver.

High serum leptin concentrations are present in cir-
rhosis patients.™ However, despite high serum leptin
concentrations in nonalcoholic fatty liver disease
(NAFLD) patients, there is no relationship between
leptin and the severity of hepatic fibrosis.”” Moreover,
leptin levels were initially found to be significantly
higher in NASH patients than in controls matched for
sex and body mass index (BMI). and correlated with the
severity of hepatic steatosis but not with the severity
of inflammation or fibrosis™ In another study, serum
leptin levels and leptin receptor mRNA expression
levelsin the liver were notsignificantly different between
patients with NASH and those with simple steatosis.™
The relationship between serum leptin concentra-
tions and the severity of liver fibrosis remains to be
investigated.

Serum leptin levels were higher in CHC patients than
controls,” and associated with the severity of fibrosis.™
Serum leptin levels correlated with hepatic steatosis in
patients infected with hepatitis C virus genotype 3 but
not genotype 1. In contrast, another study revealed
that leptin levels do not correlate with fibrosis or sever-
ity of steatosis in CHC patients.” Considered together,
these studies indicate that while serum leptin levels may
be elevated in CHC patients, there is rather a conflicting
relationship between serum leptin levels and liver his-
tology in such patients.

There is a close relationship between BMI and a
high mortality rate due to digestive cancers;"” especially,
obesity and HCC represent a particularly high risk.”"’
The high plasma leptin levels in obesity may contribute
to this phenomenon. Leptin acls as mitogen on many
cell types in vitro, including HCC cells, via the ERK/
mitogen-activated protein kinase (MAPK), and phos-
phatidylinositol 3-kinase (PI3K)/Akt pathway, and may
facilitate progression to liver cancer in vivo.™”

These findings suggest that leptin plays important
roles in liver diseases such as attenuating hepatic steato-
sis, exacerbating liver fibrosis, and possibly promoting
HCC growth. Further research needs to be conducted
on the precise role of leptin in liver diseases.

Adiponectin

Adiponectin is an adipocyte-specific 28-kDa secreted
protein expressed exclusively in adipose tissue.
However, recent studies have indicated that adiponec-
tin is also produced by organs other than adipose tissue,
such as bone marrow,” fetal tissue,” cardiomyocytes,”
and hepatic endothelial cells.”* However, the major
source of plasma adiponectin in adults is adipocytes.
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The protein contains a signal sequence and a
collagen-repeat domain at the N terminus, and a Clg-
like globular domain at the C terminus,™ Adiponectin
is present in a wide range of multimer complexes in
plasma and assembles via its collagen domain into
adiponectin trimers (low molecular weight), hexamers
(middle molecular weight), and 12- 1o 18-mers [high
molecular weight (HMW)L."™ The HMW forms
appear lo be responsible for insulin sensitivity and the
anti-inflammatory effects of adiponectin,®*" Hydroxyl-
ation and glycosylation of the lysine residues within the
collagen domain are critically involved in the regulation
of HMW adiponectin formation.” The full-length
adiponectin protein is proteolytically cleaved, with a
smaller form including the globular domain, although
in very small amounts.”

Adiponectin protein is present at high levels (range,
3-30 pg/ml) in plasma, accounting for about 0.01% of
total plasma protein. Surprisingly, the plasma adiponec-
tin level is inversely correlated with BMI in spite of
its restricted expression in adipose tissue.” Especially,
the plasma adiponectin level is low in subjects with
visceral fat accumulation. Hypoadiponectinemia has
been demonstrated to be independently associated
with metabolic syndrome, including type 2 diabetes,”
hypertension,”' atherosclerosis,” and NASH.” Weight
reduction results in a significant elevation of plasma
adiponectin levels in humans.”

Why are plasma adiponectin levels low in obese sub-
jects? While the exact mechanism is unknown, several
theories have been postulated. TNF-o, one of the insulin
resistance inducible factors, is upregulated in obese sub-
Jects, and suppresses the expression and plasma levels
of adiponectin at the transcriptional level.” Production
of reactive oxygen species (ROS) is selectively increased
in adipose tissue of obese mice, accompanied by aug-
mented expression of NADPH oxidase. Production of
adiponectin is downregulated by elevated oxidative
stress in adipose tissue. NADPH oxidase inhibitor
reduces ROS production and increases adiponectin pro-
duction in adipose tissue.” The frequency of a missense
mutation at position 164 in the globular domain [lle-
164The (1164T)] is significantly higher in patients with
type 2 diabetes and coronary artery disease than in
normal control subjects.’" Subjects with this mutation
had significantly lower plasma adiponectin levels than
those without it.

Adiponectin receptor

Two receptors for adiponectin, AdipoR1 and AdipoR2,
have been cloned.™ These adiponectin receptors are
considered to contain seven transmembrane domains,
despite being structurally and functionally distinct from
G protein-coupled receptors. AdipoR1 is ubiguitously
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expressed and is abundantly expressed in skeletal
muscle, whereas AdipoR2 is most abundantly expressed
in the liver. AdipoR1 and AdipoR2 serve as receptors
for globular and full-length adiponectin and activate
adenosine  monophosphate-activated protein  Kinase
(AMPK), peroxisome proliferator-activated receptor-o
(PPAR-tt), and p38% MAPK signaling pathways.”
Disruption of these receptors abolished adiponectin
binding and its actions.” Insulin reduces the expression
of AdipoR1 and AdipoR2 via a PI3K/Forkhead
boxO1l-dependent pathway in cultured hepatocytes or
myocytes.™”

T-cadherin serves as a receptor for the hexameric and
HMW forms of adiponectin® Because T-cadherin is
a glycosylphosphatidylinositol-anchored extracellular
protein, it may act as a coreceptor for an unidentified
signaling receptor.

Adiponectin and NAFLD

Obesity is an independent risk factor in the develop-
ment of NASH"™ and HCC,"* and patients with
NASH who progress to liver cirrhosis are at increased
risk of HCC." In the two-hit theory of NASH patho-
genesis, the first hit of hepatic steatosis is followed by
the second hit of oxidative injury, leading to inflamma-
tion and progression to fibrosis and HCC** In the
following paragraphs, we focus on the roles of adipo-
nectin in the two-hit theory of NASH pathogenesis.

Adiponectin and hepatic steatosis

We found that hepatic steatosis, induced by a choline-
deficient L-amino acid-defined (CDAA) diet, is more
severe in adiponectin knockout mice than in wild-type
mice.” The CDAA diet was used to induce a nutritional
animal model of NASH.™ Overexpression of adiponec-
tin protein by adenovirus vector resulted in attenuation
of hepatic steatosis. The lack of adiponectin in these
mice enhanced the expression of two rate-limiting
enzymes in fatty acid synthesis, acetyl-CoA carboxylase
(ACC) and fatty acid synthase. Adiponectin is also
known to stimulate mitochondrial B-oxidation by acti-
vation of AMPK and PPAR-a."*" Activated PPAR-a
upregulates carnitine palmitoyltransferase (CPT)-1. a
rate-limiting enzyme in fatty acid oxidation. In addition,
activated AMPK phosphorylates ACC and atienuates
the activity of ACC, Inactivation of ACC leads to a
decrease in the concentration of its product, malonyl-
CoA (a potent inhibitor of CPT-1). and induces fatty
acid oxidation in the liver. Moreover, adiponectin
downregulates SREBP-1c, a master regulator of fatty
acid synthesis." Thus, adiponectin increases B-oxidation
of free fatty acids and decreases de novo free fatty acids
production within hepatocytes.™ ™ These effects protect
hepatocytes against triglyceride accumulation. The
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hypoadiponectinemia in obese individuals could exac-
erbate hepatic steatosis, the first hit in NASH, through
the absence of these effects of adiponectin.

Adiponectin and inflammation

Adiponectin at physiological concentrations attenuates
the attachment of monocytes to endothelial cells by
reducing TNF-a-induced expression of adhesion
molecules such as vascular cell adhesion molecule 1,
endothelial-leukocyte adhesion molecule-1 (E-selec-
tin).and intercellular cell adhesion molecule 1.” Nuclear
transcription factor, nuclear factor xB (NFxB), induces
the expression of cytokines and adhesion molecules in
the inflammatory process. Adiponectin suppresses
TNF-t-induced NFxB activation and blocks TNF-a
release in endothelial cells”

C-reactive protein (CRP) is a potent marker of sys-
temic inflammation, and its plasma level correlates
negatively and significantly with adiponectin levels in
humans.®" CRP levels correlate with body weight and
percentage of body fat,” and CRP mRNA is expressed
in human adipose tissue and its levels correlate inversely
with adiponectin gene expression in human adipose
tissue,”

Patients with NASH are at increased risk of small
intestinal bacterial overgrowth,” and lipopolysaccha-
ride (LPS) is involved in the pathogenesis of NASH."™"
In a mouse model of LPS-induced acute hepatitis, we
found that adiponectin protected against hepatic injury
through inhibition of production of the proinflam-
matory cytokine TNF-o and induction of the anti-
inflammatory cytokine IL-10 in Kupffer cells.” Lack of
adiponectin accelerated LPS-induced liver injury, and
the survival rate of adiponectin knockout mice after
LPS administration was significantly lower than that of
wild-type mice. Pretreatment of these mice with adipo-
nectin reduced LPS-induced TNF-o production, and
increased 1L-10 production by Kupffer cells. These find-
ings are in agreement with another study in which
pretreatment of KK-Ay obese mice with adiponectin
protected them from LPS-induced hepatic injury
through modulation of TNF-c.” Other investigators
have shown that adiponectin also suppresses macro-
phage function™ and induces anti-inflammatory cyto-
kines,such as 1L-10and IL-1RA in human leukocytes.”"
In addition, adiponectin alleviates experimental T-cell-
mediated hepatitis induced by concanavalin A in mice,
and protects primary hepatocytes from TNF-g-induced
death.” These results suggest that hypoadiponectinemia
in obese subjects can thus lead to enhanced sensitivity
of Kupffer cells to proinflammatory mediators such as
LPS.

A recent study reported that adiponectin promotes
clearance of early apoptotic cells by macrophages
through a receptor-dependent pathway involving calre-
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ticulin."™ This novel function of adiponectin is similar
to that of surfactant proteins and Clg, which serve as
anti-inflammatory molecules by promoting the clear-
ance of apoptotic cell debris.,""

Adiponectin and oxidative stress

Obesity is regarded as a chronic inflammatory state.
The associated hepatic lipid overload induces impair-
ment of mitochondrial B oxidation, which may lead to
the formation of ROS and lipid peroxidation products.
ROS and lipid peroxidation in turn upregulate a series
of proinflammatory cytokines,"? causing further mito-
chondrial dysfunction and oxidative stress, thus contrib-
uting to the progression of liver injury.

Recent studies indicate that adiponectin can suppress
oxidative stress,"™'™ and that systemic oxidative stress,
as measured by urinary 8-epi-prostaglandin F2o., cor-
relates strongly with hypoadiponectinemia.'” Studies
from our laboratories showed enhanced oxidative stress
in adiponectin knockout mice in a CDAA diet-induced
NASH mouse model.” Accumulating evidence suggests
that alcohol-mediated upregulation of CYP2ZE] may
initiate lipid peroxidation via production of ROS.'”
CYP2E1 is upregulated in human liver in NASH,"” and
in a rodent model of NASH."™" In our CDAA diet-
induced NASH mouse model, CYP2E] was induced in
adiponectin knockout mice and adiponectin overex-
pression downregulated CYP2E1™ Moreover, thiobar-
bituric acid reactive substance, a marker of oxidative
stress, and 8-hydroxydeoxyguanosine, a marker of oxi-
dative DNA damage, were also increased in the livers
of adiponectin knockout mice. Adiponectin knockout
mice also showed significantly enhanced hepatic tumor
formation compared with wild-type mice, Thus, adipo-
nectin deficiency might enhance the level of oxidative
stress through induction of CYP2EI in the liver, allow-
ing progression of liver injury in adiponectin-deficient
mice.

TNF-a plays crucial roles in NASH progression,
and adiponectin suppresses TNF-¢ production.” In our
study, we found significantly elevated serum levels of
TNF-e in adiponectin knockout mice,” which may play
a role in the progression of hepatopathology in adipo-
nectin knockout mouse liver.
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Adiponectin and fibrosis

In a clinical study of NASH patients, the fibrosis stage
correlated significantly with low serum adiponectin
levels.™ We reported previously that adiponectin atten-
uates carbon tetrachloride-induced liver fibrosis."” Adi-
ponectin suppressed the proliferation and migration of
activated HSCs, which play central roles in liver fibrosis,
and attenuated the effect of TGF-B1 on the expression
of fibrogenic genes, and on nuclear translocation of
Smad2 in HSCs. Other groups have reported that adi-
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ponectin induces apoptosis of activated HSCs,'” and
activated AMPK, which modulates the activated HSC
phenotype.'*'" These findings indicate that adiponec-
tin has antifibrogenic propertiesin liver diseases through
the suppression of activated HSC proliferation and
fibrogenic function.

Inflammation and fibrosis of the liver have recently
been reported in individuals with nonalcoholic fatty
liver, which is frequently associated with obesity and
type-2 diabetes. A considerable number of these patients
develop liver cirrhosis, a clinical entity termed NASH.
In addition, epidemiological studies have shown
that obesity, which is associated with hypoadiponec-
tinemia, is a risk factor for the development of liver
fibrosis in patients with NASH, alcoholic liver disease,
and CHC.”* These results indicate that hypoadiponec-
tinemia may be one reason obese patients are at high
risk for development of liver cirrhosis.

Thus, adiponectin attenuates inflammation, oxidative
stress, and proinflammatory cytokine production, which
are considered the second hit in NASH. Moreover, adi-
ponectin ameliorates liver fibrosis via suppression of
activated HSC function, and might decelerate the pro-
gression of hepalocarcinogenesis via suppression of
oxidative stress (Fig. 2).

Adiponectin and clinical studies in liver diseases

Adiponectin and NAFLD

In a study of 80 NASH patients, hypoadiponectinemia
was independently associated with NASH and with
more severe hepatic steatosis and necroinflammation.”
Other reports have also indicated that plasma adiponec-
tin levels are lower in NASH patients than in patients
with simple steatosis.”” Interestingly, the major hepatic
adiponectin receptor AdipoR2 is underexpressed in
fatty liver and in NASH patients, and AdipoR2 gene
expression correlates inversely with the severity of liver
fibrosis.”™ After adjustment for age, sex, and BMI,
plasma levels of adiponectin correlated inversely with
the alanine transaminase level.” Musso et al.” reported
that hypoadiponectinemia is a feature of NASH and
may play a pathogenetic role in hepatic necroinflamma-
tion and fibrosis, independent of insulin resistance, vis-
ceral fat accumulation, serum TNF-u level, or dietary
intake. In contrast, another study demonstrated the
presence of hypoadiponectinemia in NAFLD patients
but failed to find differences in the serum adiponectin
concentration between patients with NASH and those
with simple steatosis, and concluded that adiponectin
concentration correlated inversely with insulin resis-
tance."” Considered together, these results suggest that
hypoadiponectinemia and underexpression of hepatic
adiponectin receptor may play important roles in the
clinical progression of NASH.
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Adiponectin and viral hepatitis

Currently, there is a great interest in the role of adipo-
nectin in CHC. Serum adiponectin levels are higher in
CHC patients than in those with chronic hepatitis B."”
In CHC patients, hypoadiponectinemia correlates sig-
nificantly with steatosis but not with the severity of
fibrosis.”' " Hepatic steatosis is a common histological
finding in CHC, with an incidence of 305-70%.""'""
Hepatic steatosis in CHC correlates with progression of
liver fibrosis, ™™ and is a risk factor for HCC."™ In addi-
tion, a recent report indicated that low serum adipo-
nectin is an independent predictor of nonvirological
response to interferon therapy in CHC patients.”

On the other hand, hyperadiponectinemia has been
described in cirrhosis patients.™'* The liver is the main
organ of adiponectin metabolism, and biliary secretion
is involved in adiponectin clearance; accordingly, ele-
vated plasma concentrations of adiponectin in advanced
cirrhosis are due to decreased metabolism and biliary
secretion of adiponectin.

Adiponectin and cancer

Recent studies showed that plasma adiponectin levels
are inversely correlated with the risk of cancers.'™
In chnical studies, hypoadiponectinemia is correlated
with colorectal cancer,™* gastric cancer,”” prostate
cancer,'™ endometrial cancer," and breast cancer."™ In
addition. in vitro studies revealed that adiponectin
protein inhibits cell proliferation in cells lines originat-
ing from various types of cancer, including prostate
cancer, HCC, breast cancer, leukemia, and esophageal
cancer.™""" These studies emphasize the potential
role of hypoadiponectinemia as a risk factor for various
cancers.
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Fig. 2. Roles of adiponectin in NASH
development. Solid arrows, stimulatory
cffects: doned arrows, inhibitory effects.
NASH, nonalcoholic  steatohepatitis;
FFA, free fatty acid; HCC, hepatocellular
carcinoma; HSC, hepatic stellate cell;
TG F-B1. transforming growth factor 1

Pharmacological and dietary interventions

The above findings suggest that hypoadiponectinemia
in obese people may be an important risk factor for
clinical progression of chronic liver diseases, and that
upregulation of adiponectin signaling might be useful
therapeutically by increasing plasma adiponectin levels
or development of adiponectin receptor agonisis,
However, considering the high plasma levels of adipo-
nectin, direct administration of adiponectin protein to
individuals with liver diseases might not be a good strat-
cgy because of difficulties in maintaining high plasma
concentrations. Thiazolidinediones elevate the pro-
moter activity of adiponectin and increase the plasma
concentration of adiponectin.'** Adiponectin promoter
has a functional PPAR-responsive element (PPRE)
site."” Not only PPARybut also PPAR« ligands increase
the expression of adiponectin through a PPRE site
located in its promoter region."™ Furthermore, PPARa
agonist increases the expression of both AdipoR1 and
AdipoR2 in adipocytes and macrophages.”” Piogli-
tazone increases the ratio of HMW adiponectin/total
adiponectin and increases the hepatic sensitivity to
insulin."™ These findings indicate that dual activation
of PPARy and PPARa intensifies adiponectin actions
by increasing plasma levels of adiponectin, especially
HMW adiponectin, and by increasing adiponectin
receptors.

Blockade of the renin-angiotensin system (RAS)
with angiotensin-converting enzyme inhibitors or angio-
tensin receptor blocker increases adiponectin con-
centrations.”™* However, the precise mechanism of
increased plasma adiponectin level by RAS blockade
remains incompletely unclear.

The effects of diet on plasma adiponectin concentra-
tion were recently reported. Dietary soy protein, lin-
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oleic acid, and oolong tea increase plasma adiponectin
levels in rodents and humans."""" The molecular mech-
anism of these dietary effects on adiponectin levels
remains unclear.

A recent study suggested that osmotin, a member of
the PR-5 family of plant defense proteins, is a ligand for
the yeast homolog of adiponectin receptor and has func-
tional similarity to adiponectin.'™ Osmotin is abundant
in plant tissues (seeds, fruits, vegetables) and is extremely
stable: it remains active even when in contact with
human digestive or respiratory systems.™ Further
research into similarities in adiponectin and osmotin
functions may facilitate the development of potential
adiponectin receptor agonists.

Collectively. in addition to weight reduction. the
aforementioned pharmacological and dietary interven-
tions can improve hypoadiponectinemia, and might be
useful therapeutic approaches to attenuate metabolic
syndrome.

TNF-o

TNF-a is a proinflammatory cytokine that was origi-
nally found to induce necrosis of tumors after acute
bacterial infection. Its first link to obesity, insulin
resistance, and chronic inflammation was made in a
research paper that described significant elevation
of TNF-a in adipose tissue of genetically obese mice
(db/db mice).""

The adipose tissue of obese individuals is charac-
terized by increased infiltration of macrophages and
hypertrophied adipocytes."” Hypertrophied adipocytes
release large quantities of free fatty acid (FFA) via
macrophage-induced adipocyte lipolysis. FFA serves as
a naturally occurring ligand for Toll-like receptor (TLR)
4" FFA increases thereby the production of TNF-a
in macrophages through the TLR4/ NFxkB pathway.
Thus, a vicious cycle is established.

Kupffer cells are the main producer of TNF-«t in the
liver,and LPS-induced activation of these cells enhances
their production of TNF-a. In animal models, activation
of Kupffer cells leads to induction of the TNF-o/TNF
receptor signaling pathway, which is critically involved
in the pathogenesis of liver fibrosis in NASH."" In addi-
tion, ob/ob mice, a model for NAFLD. overexpress
TNF-0.” Treatment with anti-TNF antibody reduced
the activity of Jun N-terminal Kinase, which promotes
insulin resistance, and decreased the DNA binding
activity of NFxB, which accelerates inflammation, with
a resultant improvement of NAFLD in ob/ob mice.

In human, TNF- levels are increased significantly in
simple steatosis and NASH, and correlate with hepatic
fibrosis in NASH.™ The gene expression of TNF-o; and
its receptor are significantly elevated in hepatic and

817

adipose tissues of NASH patients.” Recently, a histo-
logic scoring system, the NAFLD activity score (NAS),
has been proposed that can assist in the diagnosis of
NAFLD and may be useful for assessing the response
to therapy."™ Serum TNF-o levels significantly corre-
lated with NAS score.'” In Japanese NAFLD patients,
polymorphisms in the TNF-a promoter region and
serum level of soluble TNF receptor 2 significantly
correlated with progression of NAFLD." Moreover,
administration of pentoxifylline, a TNF-a inhibitor,
improved aminotransferase levels and the insulin resis-
tance index assessed by homeostatic metabolic assess-
ment (HOMA-IR) in NASH patients.””""*

Considered collectively, the above data from animal
and human studies suggest that TNF-a plays important
roles in the progression of NAFLD, including hepatic
inflammation and fibrogenesis.

Resistin

Resistin is a member of the resistin-like molecule family
of cysteine-rich secretory 12-kDa proteins. In mice, the
expression of resistin is restricted to adipose tissue, and
the expression of resistin is downregulated by thiazoli-
dinedione and fasting." Resistin leads to insulin resis-
tance, and hyperresistinemia increases blood glucose
and insulin levels in mice.'” Resistin overexpression
induces dyslipidemia characterized by high serum total
cholesterol and triglyceride levels, and reduces high-
density lipoprotein cholesterol concentration, which is
commonly seen in metabolic syndrome."™

In humans, resistin expression in adipose tlissue is
very low, but it is mainly found in bone marrow and in
macrophages.”™* Serum resistin concentrations are
elevated in patients with NAFLD. Increased resistin
levels correlate with histological severity of liver disease
but not with insulin resistance.” Serum resistin levels
are higher in obese than in lean individuals, but when
adjusted for BMI, resistin levels do not correlate with
insulin resistance."” The exact role of resistin in obesity
and insulin resistance in humans remains elusive. More
research is needed to clarify the role of resistin in
humans.

Conclusions

We have summarized the recent advances in our under-
standing of the role of adipocytokines in liver diseases.
Adipocytes produce and secrete various adipocytokines
to control the functions of other organs, including liver.
Production and secretion of adipocytokines are dynami-
cally regulated by nutritional status. Overeating and
physical inactivity results in obesity with visceral fat
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