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Abstract

Evidence suggests a link between adiponectin, an adipocytokine, and liver tumorigenesis. Different multimer
complexes of adiponectin, with low-molecular weight (LMW), middle-molecular weight (MMW) and high-
molecular weight (HMW), may have different roles. Therefore the present study was performed with the aim of
assessing associations between these multimers and liver cancer development. A nested case-control study (59
liver cancer cases [mean age=63.5 years] and 334 controls [62.7 years]) was conducted as a part of the Japan
Collaborative Cohort (JACC) Study recruiting healthy participants, aged 40-79 years, for the follow-up period
from 1988-1990 to 1999. The end point was liver cancer occurrence/death. Serum levels of HMW, MMW and
LMW adiponectin were determined at baseline using an ELISA assay. Multivariate-adjusted logistic regression
analyses comparing the tertile levels of adiponectin multimers showed that the groups stratified with the highest
percentage of LMW tended to have lower odds ratios (ORs) than the lowest group (OR adjusted for sex, age
and area=0.54 [95%CI. 0.26-1.11] and adjusted for sex, age, area, body mass index, smoking, alcohol, coffee
consumption, diabetes history and HCV-antibody positivity =0.50 [95%CI: 0.22-1.15]), albeit without statistical
significance (set at p<0.05). Higher percentages of circulating LMW adiponectin may lead to a reduction of liver
cancer risk and relationships with multimer composition may merit further study.
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Introduction complexes (so-called ‘isoforms’) such as trimers (low-
molecular weight [LMW]), hexamers (middle-molecular
Obesity and its related disorders can increase the riskeight [MMW]) and oligomers (high-molecular weight
of various types of cancer, including liver cancer (Nair efHMW]) (Waki et al., 2003; Hada et al., 2007; Liu et al.,
al., 2002; Pischon et al., 2008; Watanabe et al., 2008007). Multimer complex formation of adiponectin, as a
Although the molecular mechanisms underlyingmajor ‘quality’, has become recognized as an important
associations remain unclear, adipose tissue-derivadechanism modulating the biological functions of this
hormones and cytokines (so-called ‘adipocytokines’) suchdipocytokine (Pajvani et al., 2003; Wang et al., 2006;
as adiponectin, may be linked to tumorigenesis (Pischadu et al., 2007).
et al., 2008). Adiponectin has multiple functions including  An assay system has recently been developed to
anti-oxidation and anti-inflammation potential (Scherer etneasure these multimers; thus, the specific correlates of
al., 1995; Lam and Xu, 2005). Indeed, some investigatorsach multimer may be of particular value, rather than the
have indicated that low circulating adiponectin levels mayassessment of total adiponectin alone. However, to date,
be associated with pathogenesis of liver cancer (Kamadhere are only limited data available concerning the roles
et al., 2007; Nishihara et al., 2008). Furthermore, antief these multimers in human diseases. In particular, no
fibrogenic effects of adiponectin on liver tissue might occustudy has yet examined their association with human liver
via suppression of proliferation and migration of activatedcancer. Therefore, the present investigation was designed
liver stellate cells after liver damage (Kamada et al., 2003)o assess the relationship between the adiponectin
Adiponectin is abundantly expressed and secreted byultimer composition and risk of liver cancer in a nested
adipose tissue, and circulates as different multimecase-control study in Japan.
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Subjects and Methods and area, and model 2 was adjusted for sex, age, area,
BMI, smoking, alcohol, coffee consumption, DM history
Study Population and Serum Samples and HCV-ADb positivity, as reported previously (Kurozawa

This study was a part of the Japan Collaborative Cohost al., 2005; Wakai et al., 2007). All p values were two-
(JACC) Study, a nationwide multicenter collaborative andsided, and all the analyses were performed using the
prospective study, for the Evaluation of Cancer RiskStatistical Analysis System software package (SAS
Sponsored by the Ministry of Education, Culture, Sportsinstitute, Cary, NC, USA).

Science and Technology of Japan, details of which are

described elsewhere (Ohno and Tamakoshi 200IResults

Tamakoshi et al., 2005). The subjects were apparently

healthy Japanese cohort participants (at baseline 46,465This stidy included 59 cases with liver cancer and 334
males and 64,327 females, age 40-79 years). Of themgantrols (Table 1). At baseline, the mean+mgendard
total of 39,242 subjects provided blood samples. Theleviation was 63:57.3 years in the cases and 6B
participants were followed up from 1988-1990 until thein the controls (with a non-significant difference in age
end of 1999. The residential and survival status wabetween the two groups). Although the serum levels of
annually checked by searching in the roster of residentstal and respective multimer complexes of adiponectin
relocating or death in each regional research center, angkre not obviously different between the cases and
confirmed by death certificates for the cause and date @bntrols, a significantly higher percentage of MMW and
death under the permission from the Director-General of lower percentage of LMW were observed.

Prime Minister’s Office. The incidence of cancer was also  The multivariate-adjusted logistic regression models,
identified in 24 areas out of 45. adjusted for confounders (model 1: sex, age, area; model

The present study on liver cancer was approved bg: sex, age, area, BMI, smoking habit, drinking habit,
the ethics committee of Nagoya University School ofcoffee consumption habit, DM history, HCV-Ab
Medicine. Informed consent was obtained individuallypositivity), revealed that the groups stratified with the
from subjects, except in certain areas in which it wasighest LMW adiponectin levels (in model 1: OR=0.53
provided at the group level after details had been explaing85%CI: 0.26-1.08]) and with the highest percentage of
to community leaders. The end point for the study wag MW (in model 1: OR=0.54 [95%CI: 0.26-1.11] and
the occurrence/death of liver cancer. The current studsodel 2: OR=0.50 [95%CI: 0.22-1.15]) tended to have
was a nested case-control study, and the cases wdeaver ORs than the referent group, but this did not reach
selected for this study when their blood sample volumestatistical significance (Table 2).
were sufficient to fully measure all the adiponectin indices.

The age-matched controls were randomly selected undgyiscussion
the same conditions.

A lifestyle questionnaire regarding such factors as  Thecurrent study is the first to use quantitative
smoking, alcohol use and coffee consumption, as well aseasurements of adiponectin multimer complexes to
a medical history of diabetes mellitus (DM) was self-specifically observe the contribution of the total, HMW,
administrated at baseline. Blood samples were obtainegdMW and LMW adiponectin levels at baseline to the
at baseline, and these were stored &CG80ntil laboratory  incidence of liver cancer. Consistently, a simple
analyses. HCV antibody (Ab; 3rd generation) was assayasbmparison test and multivariate-adjusted analyses found
by an enzyme-linked immunosorbent assay (ELISA; SRla high percentage of LMW might show tendency toward
Co. Ltd., Tokyo, Japan). The serum total, HMW, MMW reduced progression of liver cancer. Although this study
and LMW adiponectin concentrations and the percentageg, e 1 The Study Number Distribution and Serum
of respective multimers were determined using an ELISAAdiponectin Indices
(Daiichi Co. Ltd., Tokyo, Japan) (Ebinuma et al., 2006).

Cases Controls
Statistical analysis Study numbers: n (men/women)

The levels of total, HMW, MMW and LMW 40-49 years 2 (/1) 12 (4/8)
adiponectin and their percentages between cases and 50-59 years 15 (6/9) 80 (48/32)
controls were compared using unpaired t-test. The tertile ~ 60-69 years 29 (18/11) 196 (121/75)
levels of these adiponectin indices among controls were ~ 70-79 years 13 (8/5) 46 (22/24)
evaluated by multivariate-adjusted logistic regressio Total . . 59 (33/26) 334 (195/139)

. . %erum concentration of adiponectig/ml
modgls to gstlmate odds ratio (OR) and the 95% Total 6945  6.63.7
confidence interval (Cl) after adjustment for some High-molecular weight 3430 3226
confounders including sex, age, area, body mass index  \iddle-molecular weight 1810  1.81.0
(BMI), smoking habit (never, former, current smoker), Low-molecular weight 1#1.1  1.80.9

drinking habit (never, former, current drinker who Serum percentage of adiponectin multimers, %

consumed <2 or2 Japanese drinks/day [one Japanese  High-molecular weight 428155 43.%15.0

drink is equivalent to 23g of ethanol]), coffee consumption Middle-molecular weight ~ 29#13.2 25.410.0*

habit (less than 1 cup/month, 1-2 cups/month to 3-4 cups/___L-ow-molecular weight — 27£13.4 31.%13.3t
week, almost every day), DM history and HCV-Ab Data are numbers and meatandard deviations. Comparisons
positivity. In this study, model 1 was adjusted for sex, agwere with unpaired t-tests: *p=0.031, tp=0.083
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Table 2. The Impact of Multimer Complexes of inflammatory effects (Tsao et al., 2003; Wulster-Radcliffe
Adiponectin on Liver Cancer according to Tertiles  etal., 2004; Abke et al., 2006; Neumeier et al., 2006; Rovin
(Odds ratios and 95%Confidence Intervals) and Song 2006; Schober et al., 2007): for instance, HMW
adiponectin enhances the release of interleukin-6 from
: : : human monocytes, whereas LMW adiponectin inhibit the
Serum concentration of adiponectirg/ml release of this pro-inflammatory cytokine (Schober et al.,
T'(\)/Itas> | lsi'gg (191 (‘)164(30_ ;'2402 (1251))207921((()12% 1.04) 0.78 2007). Furthermore, a recent report showed that HMW
oae . . 02-2. . 42-1. . . . . .. . .
Model 2 1.00 129 (0.57-2.92) 1.11 (0.46-2.70) 0.83 adl'ponectm may ex_ert Iesg bioactivity in the metapollc
High-molecular weight traits among certain ethnic groups, such as African-
<1.64 (24) 1.65-3.62 (15)23.63 (20) Ame.ricans (Lara-Castro et al., 2'008). Therefore, .it is
Model 1 1.00 0.57 (0.28-1.17) 0.78 (0.38-1.63) 0.46 Possible that the relevance of multimer complexes differs
Model 2 1.00 0.71(0.31-1.62) 1.12 (0.48-2.60) 0.84 between a variety of disorders and populations. In this
Middle-molecular weight context, the current study results could in part suggest the
<1.12(18) 1.13-1.71(15)21.72 (26) beneficial effects of LMW adiponectin on the progression
Model 1 1.00 0.78 (0.37-1.66) 1.29 (0.64-2.60) 0.42 f liver cancer.
LMOdE||2 1'|00 _0';5 (0.31-1.84) 1.25(0.56-2.82) 0.50 The study limitations warrant mention. The serum
ow-molecular weight biomarkers were analyzed using a single sample collected
<1.34 (27) 1.35-1.99 (16)=2.00 (16) tb l d th trati f th di Hi
Model 1 1.00 0.54 (0.27-1.09) 0.53 (0.26-1.08) 0.066 &' Pase€line, and the concentrations of he adiponectin
Model 2 1.00 0.61 (0.27-1.38) 0.82 (0.37-1.84) 0.58 indices may have changed somewhat over time. The

T1 T2 T3 p for Trend

Serum percentage of adiponectin multimers, % combined use of the incidence and death due to liver
High-molecular weight cancer as the study end point can be also a considered
<36.5 (24) 36.6-48.9 (14)249.0 (21) point.
Model1 1.00  0.56 (0.27-1.18) 0.89 (0.44-1.81) 0.71 In summary, higher percentages of serum LMW

Model 2 1.00 ~ 0.66 (0.28-1.55) 1.39 (0.61-3.14) 0.45 gadiponectin may substantially act in the suppression of
Mlddle-ﬁgicougg)/ve;glhtl 20,0 (17)528.1 (27) liver cancer, although there was no marked significance

Model 2 1.00 0.74 (0.30-1.78) 1.03 (0.45-2.36) 0.82 . . .

Low-molecular weight liver cancer is considered to merit further study.

<24.8 (27) 24.9-36.8 (17)=36.9 (15)

Model 1 1.00  0.58 (0.29-1.15) 0.54 (0.26-1.11) 0.079 Member List of the JACC Study Group

Model 2 1.00 0.52(0.23-1.13) 0.50 (0.22-1.15) 0.084
The tertile level ranges and the study numbers for liver cancer The present members of the ‘]A.CC SIUdy who co-
cases (n) are shown for the respective adiponectin indices. THHthored this paper together with their affiliations are as
indices were based on the distribution of concentrations amontpllows: Dr. Akiko Tamakoshi (present chairperson of the
the controls, numbering 111, 111 and 112 in tertile categoriestudy group), Aichi Medical University School of
T1, T2 and T3, respectively; Model 1, adjusted for sex, ageMedicine; Drs. Mitsuru Mori & Fumio Sakauchi, Sapporo
area; Model 2, adjusted for sex, age, area, body mass indegjedical University School of Medicine; Dr. Yutaka
smoking, alcohol, coffee consumption, diabetes history, HCV-\jatonashi, Akita University School of Medicine; Dr.
antibody positivity Ichiro Tsuji, Tohoku University Graduate School of
followed a relatively modest number of cancer casesMedicine; Dr. Yosikazu Nakamura, Jichi Medical School;
which could have limited the statistical power (this is aDr. Hiroyasu Iso, Osaka University School of Medicine;
study limitation), it is interesting to note that the risk ratioDr. Haruo Mikami, Chiba Cancer Center; Dr. Michiko
reduced by approximately half at the higher level of thekurosawa, Juntendo University School of Medicine; Dr.
percentage of LMW adiponectin in comparison to theYoshiharu Hoshiyama, University of Human Arts and
lowest level of the percentage (as a referent). In additiorgciences; Dr. Naohito Tanabe, Niigata University School
while the total adiponectin levels did not show anyof Medicine; Dr. Koji Tamakoshi, Nagoya University
relevance to liver cancer in this analysis, theGraduate School of Health Science; Dr. Kenji Wakai,
measurements of multimer complexes may address thgagoya University Graduate School of Medicine; Dr.
clinical implication of adiponectin on liver cancer or lead Shinkan Tokudome, National Institute of Health and
to a deeper understanding of the pathophysiology. Nutrition; Dr. Koji Suzuki, Fujita Health University

Once the multimer complexes appear in blood, theySchool of Health Sciences; Dr. Shuji Hashimoto, Fujita

do not interconvert with each other; thus, their secretiomealth University School of Medicine; Dr. Shogo Kikuchi,
from adipocytes reflects the blood levels of each complexichi Medical University School of Medicine; Dr.
(Schraw et al., 2008). HMW adiponectin has beenyasuhiko Wada, Kansai Rosai Hospital; Dr. Takashi
described as a predominant active and possible protectiveawamura, Kyoto University Center for Student Health;
multimer because of decreased HMW adiponectin irDr. Yoshiyuki Watanabe, Kyoto Prefectural University of
subjects with obesity and multiple cardiovascular riskMedicine Graduate School of Medical Science; Dr. Kotaro
factors (Lara-Castro et al., 2006; Inoue et al., 2007). YetOzasa, Radiation Effects Research Foundation; Dr.
there has not always been a consensus regarding sut§uneharu Miki, Kyoto Prefectural University of Medicine
opinions. In fact, by contrast, it has been known that HMWGraduate School of Medical Science; Dr. Chigusa Date,
adiponectin exerts pro- and LMW adiponectin exerts antiFaculty of Human Environmental Sciences, Nara
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Women’s University; Dr. Kiyomi Sakata, Iwate Medical Lara-Castro C, Doud EC, Tapia PC, et al (2008). Adiponectin
University; Dr. Yoichi Kurozawa, Tottori University multimers and metabolic syndrome traits: relative
Faculty of Medicine; Dr. Takesumi Yoshimura, Fukuoka ~ adiponectin resistance in African America@besity 16,
Institute of Health and Environmental Sciences; Dr.L_ %{61;_23& R. Hanlev A | (2007). Total and high
Yoshihisa Fujino, University of Occupational and - > Rétnakaran R, Hanley A, et al (2007). Total and hig
Environmental Health: Dr. Akira Shibata. Kurume molecular weight but not trimeric or hexameric forms of

. . o ! adiponectin correlate with markers of the metabolic
University School of Medicine; Dr. Naoyuki Okamoto,

) ] 3 syndrome and liver injury in Thai subjeci<Clin Endocrinol
Kanagawa Cancer Center; and Dr. Hideo Shio, Moriyama  \etah 9, 4313-438.

Municipal Hospital. Nair S, Mason A, Eason J, et al (2002). Is obesity an independent
risk factor for hepatocellular carcinoma in cirrhosis?
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