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TABLE 1. Characteristics of study participants

Men (n = 1306) Women (n = 1626) P value?
Age (yr)
‘40-49 142 (10.9) 188 (11.6) 0.351
50-59 312 (23.9) 426 (26.2)
60-69 447 (34.2) 546 (33.6)
=70 405 (31.0) 466 (28.7)
Adiponectin (ng/ml) 7.0 (5.1-9.9) 10.4 (7.4-14.9) <0.001
BMI (kg/m?)
<22.0 424 (32.5) 550 (33.8) 0.731
22.0-24.9 485 (37.1) 588 (36.2)
=25.0 397 (30.4) 488 (30.0)
Blood pressure (mm Hg)
Systolic 136.1 = 15.7 "133.1 £ 16.1 <0.001
Diastolic 81.9+99 775 *98 <0.001
Serum lipids (mg/dl)
Total cholesterol 193.4 = 31.0 207.3 0.9 <0.001
HDL-C 56.3 + 144 61.6 + 14.2 <0.001
LDL-C 119.1 = 28.9 128.9 = 29.6 <0.001
Triglycerides 95 (69-136) 88 (65-118) <0.001
Glucose tolerance
Glucose (mg/dl) 96.9 + 19.5 923+ 133 <0.001
Insulin (uU/ml) 4.2 (3.0-7.0) 5.0»(3.9—8.0) <0.001
HOMA-IR
<2.0 1084 (83.0) 1292 (79.5) 0.001
2.0-3.9 184 (14.1) 303(18.6)
=4.0 38(2.9) 31(1.9)
Liver enzymes
ALT (IU) 21 (17-29) 18 (15-24) <0.001
v-GTP (IU) 32 (21-52) 19 (14-26) <0.001
Alcohol consumption (g/wk)
None 351 (26.9) 1384 (85.1) <0.001
<120 366 (28.0) 207 (12.7)
120-239 ) 285(21.8) 28(1.7)
=240 304 (23.3) 7 (0.4)
Smoking habit
Never 506 (38.7) 1495 (91.9) <0.001
Current 445 (34.1) 88 (5.4)
Former 355 (27.2) 43 (2.6)

X test, unpaired t test, or Mann-Whitney U test was used for analyses. Data are n (%) unless otherwise indicated: mean + sb for blood pressure,
total cholesterol, HDL-C, LDL-C, and glucose; median (25th-75th percentile) for adiponectin, triglycerides, insulin, ALT, and y-GTP.

2 Men vs. women.

the relationship between two continuous or ordered variables. Mul-
tiple regression analysis was used with covariance analyses, and
log-transformed adiponectin was used as the independent variable.
In multivariable analyses, the impact of the effect of 10 g/d alcohol
consumption was assessed. The SPSS 15.0 program for Windows
(SPSS Inc., Chicago, IL) was used for the statistical analyses. P <
0.05 (two sided) was considered statistically significant.

Results

Characteristics of the 2136 subjects are shown in Table 1.
There were significant differences in adiponectin levels,
lipid levels, glucose, insulin, HOMA-IR, and both systolic
and diastolic blood pressure between men and women.
Levels of all these variables, except for HDL-C and trig-
lycerides, were significantly higher in women than in men.
Only 15% of female subjects were drinkers compared
with 73% of men (P < 0.001).

The relationship between adiponectin concentrations and
potentially confounding factors and alcohol intake are
shown in Table 2. Using correlation analysis, we found a
small and significant negative correlation for adiponectin
concentrations and alcohol consumption in men (r) =
—0.141; P < 0.001) and a weaker negative correlation in
women (ry = —0.055; P = 0.025). Significant negative cor-
relations with adiponectin concentrations were observed in
total cholesterol, LDL-C, triglyceride, BMI, blood glucose,
insulin, HOMA-IR, ALT, y-GTP, systolic and diastolic
blood pressure, and smoking habits in both in men and
women. A positive correlation was observed in HDL-C levels
in both genders.

In the next analysis, we used categorized data on alco-
hol consumption to investigate the relationship between
alcohol intake and serum adiponectin levels. As shown in
Fig. 1, adiponectin levels significantly decreased in a dose-
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TABLE 2. Relationship between serum adiponectin concentrations and other factors studied

Men (n = 1306)

Women (n = 1626)

Adiponectin levels or

Adiponectin levels or

correlation coefficient? P value correlation coefficient® P value
BMI (kg/m?)
<22.0 8.4(6.2-12.1) <0.001 - 12.9(9.2-17.6) <0.001
22.0-24.9 6.9 (5.1-9.4) 10.0 (7.3-14.4)
=25.0 6.0(4.4-8.1) 9.0 (6.4-12.7)
Blood pressure (mm Hg)
Systolic —0.009 0.749 —-0.029 0.242
Diastolic —-0.100 <0.001 -0.027 0.275
Serum lipids (mg/dl)
Total cholesterol -0.113 <0.001 -0.029 0.245
HDL-C 0.329 <0.001 0.355 <0.001
LDL-C —-0.103 <0.001 —-0.097 <0.001
Triglyceride —-0.390 <0.001 —-0.307 <0.001
Glucose tolerance
Glucose (mg/dl) —0.091 0.001 —-0.183 <0.001
Insulin (uU/ml) —0.341 <0.001 —-0.441 <0.001
HOMA-IR
<2.0 7.6(5.4-10.3) <0.001 11.4 (8.3-15.9) <0.001
2.0-3.9 5.3(3.8-6.7 ) 7.5(5.7-10.7)
=4.0 49(3.4-7.0) 5.6 (4.3-7.7)
Liver enzymes
ALT (IU) —0.264 <0.001 -0.185 <0.001
v-GTP (IU) —0.300 <0.001 -0.223 <0.001
Alcohol consumption (g/wk) —0.141 <0.001 —0.055 0.025
Smoking habit
Never 7.5(5.4-10.4) <0.001 10.5 (7.5-15.0) 0.002
Current 6.7 (4.7-9.3) 9.1 (5.9-13.9)
Former 7.2 (5.0-10.0) 9.8 (6.6-14.7)

ANOVA, Pearson’s correlation coefficient, or Spearman’s correlation coefficient was used for analyses.
2 Data are median (25th-75th percentile) of serum adiponectin levels, Pearson’s correlation coefficient, or Spearman’s correlation coefficient.

dependent manner in men (P < 0.001). A similar trend was
noted in women (P = 0.029), although the relationship
was not as clear as that seen in men. In women, a border-
line significant decrease of serum adiponectin levels was
observed among drinkers who consumed less than 120
g/wk of ethanol compared with abstainers (P = 0.053). A
decrease in serum adiponectin levels was not noted in
those who consumed 120 g/wk or more of ethanol com-
pared with abstainers.

We also examined the established relationship between
alcohol consumption and HDL-C levels. Significant pos-
itive correlations were demonstrated (r, = 0.165, P <
0.001 for men; and r, = 0.118, P < 0.001 for women),
indicating that these relationships were consistent with
previous studies.

Subsequently, we conducted a multiple regression anal-
ysis to assess the effect of 10 g/d alcohol intake on adi-
ponectin concentrations, controlling for potential con-
founding factors. We included age, sex, BMI, systolic
blood pressure, LDL-C, HDL-C, triglycerides, glucose,
HOMA-IR, ALT, and smoking habits as covariates. Al-
cohol consumption was independently associated with hy-
poadiponectinemia: 10 g/d ethanol intake was associated

with a 0.028 (95% confidence interval = —0.040 to
—0.016; P < 0.001) pg/ml decrease of log-transformed
adiponectin concentrations (Table 3).

Discussion

In this population-based cross-sectional study, we found
that alcohol intake and serum adiponectin levels were sig-
nificantly inversely associated in men. A suggested inverse
association was demonstrated in women who consumed
less than 120 g/wk alcohol. The weak inverse association
between alcohol consumption and serum adiponectin
concentrations was found even after adjustment for pos-
sible confounding factors. These are contradictory obser-
vations when compared with several previous epidemio-
logical and experimental reports performed in White and
Black populations (4, 16), but they are consistent with
experimental studies in animal models (8, 9). Recently,
Kawamoto et al. (17) reported an inverse relationship be-
tween high molecular weight (HMW) adiponectin and al-
cohol consumption among healthy Japanese men in a
cross-sectional study. HMW complex is the most active
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hyde is subsequently oxidized into ace-
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tate by the acetaldehyde dehydrogenase
type 2 (ALDH2) enzyme (23). The gene
that encodes these two representative
alcohol-metabolizing enzymes displays
polymorphisms that modulate individ-
ual differences in alcohol- and acetal-
dehyde-oxidizing capacity. Several eth-
nic differences in distribution of the
ADH and ALDH2 genotypes, and in
subsequent ethanol metabolism, have
been demonstrated. First, the ADH
class IV isozyme (o-ADH), which is
present predominantly in the upper gas-
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FIG. 1. Box plots illustrating serum plasma adiponectin concentrations for each level of
alcohol consumption by gender. Horizontal lines inside each box represent medians, and the
top and bottom of the boxes are the 25th and 75th quartiles, respectively. The error bars
indicate 95% confidence intervals. *, P < 0.001 in men, and #, P = 0.029 in women for
comparisons by ANOVA; **, P = 0.022, and ***, P < 0.001 in men, and ##, P = 0.053 in

women for comparisons with abstainers in each group (Dunnett’s test).

form of adiponectin and was closely associated with the
type 2 diabetes when compared with total adiponectin
(18). Moreover, it was shown that moderate alcohol con-
sumption had different effects on HMW adiponectin, me-
dium molecular weight adiponectin, and low molecular
weight adiponectin (19). Further study is necessary to
evaluate the effect of HMW on the association between
serum adiponectin levels and alcohol consumption in a
Japanese population.

Multiple regression analysis demonstrated that serum
adiponectin levels were significantly related to sex, age,
BMI, HDL-C, triglyceride, HOMA-IR, and ALT. All of
the results are in good agreement with previous reports (3,
4,10, 20, 21). Schulze et al. (4) observed an inverse rela-
tionship between plasma adiponectin levels and BMI and
triglyceride but a positive relationship between plasma
adiponectin levels and HDL-C and age in diabetic men.
Ferris et al. (10) reported that serum adiponectin levels
inversely correlated HOMA-IR in White subjects. A sex-
based difference in plasma adiponectin levels was sup-
ported by previous studies (21, 22) and could be partly
explained by differences in body fat distributions (22).

The consistent findings regarding the relationship be-
tween serum adiponectin levels and BMI, serum lipids,
and insulin resistance and between alcohol consumption
and HDL-C levels imply that factors related to ethnic dif-
ferences, alcohol metabolism, and dietary intake may ex-
plain the discrepancies between our results and those of
previous studies conducted in humans.

Alcohol is initially oxidized to acetaldehyde, mainly by
the alcohol dehydrogenase (ADH) enzyme, and acetalde-

120239 2404 trointestinal tract but not in the liver
and which contributes to gastric etha-
nol oxidation, is absent or markedly de-
creased in 80% of Japanese people (24,
25). Second, about 85% of Japanese
subjects are carriers of the ADH2*2 al-
lele compared with only 5% or less of
European and White American subjects
(26). The ADH2*2 encodes an active enzyme and may be
expected to generate more acetaldehyde because of this
higher activity. Third, the ADH3*1 allele, coding for the
rapidly acting ADH3, is more predominant (~95%) in
Japanese subjects, whereas it is present in only 40—-50% of
White subjects (27). Finally, the ALDH2*2 allele, which
encodes a catalytically inactive subunit, is present in about
45% of Japanese subjects, although it is extremely rare in
White subjects (26). The latter three features indicate a
failure to rapidly metabolize acetaldehyde, leading to ex-
cessive accumulation of acetaldehyde and higher suscep-
tibility to acetaldehyde among a considerable number of
Japanese subjects compared with White subjects. Ethanol
and its metabolites, especially acetaldehyde, have been
shown to have a toxic influence (23). Acetaldehyde is not
only a highly toxic metabolite with extraordinary reactiv-
ity but was also shown to induce proinflammatory cyto-
kines, TNF-a, and IL-18 in HepG2 cells (28), whereas
TNF-a decreased the levels of adiponectin in human dif-
ferentiated adipocytes (29). We assume that acetaldehyde
and/or acetaldehyde adducts produced through oxidation
of ethanol potentially modulate, in part, the association
between alcohol intake and serum adiponectin concentra-
tions in the Japanese population. Adjustments for poly-
morphisms in alcohol-metabolizing genes may explain the
differences noted in ethnic groups.

Dietary factors play an important role in the develop-
ment of type 2 diabetes and ischemic heart disease, because
excess caloric intake contributes to the development of
obesity, a major risk factor for both diseases. Studies on
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TABLE 3. Multivariate-adjusted associations between serum adiponectin concentrations and alcohol consumption

in 2932 subjects

Standardized
Partial partial . .
correlation correlation 95% confidence interval

Variables coefficient SE coefficient Lower limit  Upper limit P value
Sex (men,? women) 0.267 0.022 0.244 0.223 0.310 <0.001
Age (yr) 0.106 0.009 0.192 0.089 0.124 <0.001
BMI (<22,% 22-24.9, =25) (mm Hg) —0.068 0.012 —0.099 —0.090 —0.045 <0.001
Systolic blood pressure (mm Hg) 0.000 0.001 —0.002 —0.001 0.001 0.902
LDL-C (mg/dl) —0.001 0.000 —-0.029 —0.001 0.000 0.058
HDL-C (mg/dl) 0.008 0.001 0.222 0.007 0.010 <0.001
Triglyceride (mg/dl) —0.001 0.000 —0.081 -0.001 0.000 <0.001
Glucose (mg/dl) —0.001 0.001 —-0.025 —-0.002 0.000 0.144
HOMA-IR (<2.0,° 2.1-3.9, =4.0) —0.200 0.021 -0.170 -0.241 —0.158 <0.001
ALT (IU/liter) —0.002 0.001 —0.060 —0.004 —0.001 <0.001
Smoking status (never,? current/former) -0.031 0.022 -0.027 -0.074 0.011 0.147
Alcohol consumptions (10 g/d) —0.028 0.006 —0.083 —0.040 —-0.016 <0.001

Multiple regression analysis was used in covariance analyses for serum adiponectin concentrations after log transformation as independent

variable.
2 Reference category.

the dietary predictor of plasma adiponectin concentra-
tions in animal models demonstrated that a high-fat diet is
related to decreased serum adiponectin levels, just as it
related to an increase in insulin resistance (30). Several
controversial observations regarding fat intake have been
reported when alcohol consumption accompanied this in-
take. High-fat, ethanol-containing food decreased serum
adiponectin concentrations in mice (8) and rats (31).
Decreases in serum adiponectin concentrations after
ethanol feeding were dependent on the type of fat in the
diet. Ethanol-containing diets high in unsaturated fats
contributed to ethanol-induced decreases in adiponectin
levels, whereas inclusion of saturated fats in the ethanol-
feeding protocol prevented decreased adiponectin levels
(9). A diet enriched in saturated fatty acids effectively re-
versed alcohol-induced necrosis, inflammation, and fibro-
sis despite continued alcohol consumption (32). The pre-
cise mechanism through which dietary fatty acids plus
ethanol affect adiponectin expression and its secretion has
yet to be determined. The protective action of saturated
fatty acids is suggested to be partly caused by down-reg-
ulation of TNF-a (30, 33), which suppresses an adiponec-
tin expression (29). In the Japanese population, both in-
take of total fat and that of saturated fats are lower than
in the U.S. population (16, 34). The lower intake of sat-
urated fat in the Japanese population may contribute to
the different influence of alcohol consumption on adi-
ponectin concentrations between Japanese and White sub-
jects. However, it was not helpful to compare the effect of
the intake of saturated fats with that of unsaturated fats
in our study, because intake of these two fats was highly
correlated (r, = 0.87) among 1457 subjects who had com-
pleted the nutritional survey conducted in the same district

using a self-administered questionnaire (unpublished
data).

Carbohydrate intake may also be a factor that modu-
lates the relationship between alcohol intake and adi-
ponectin concentrations. In epidemiological studies, high
glycemic loads, which were calculated by multiplying the
carbohydrate content of each food by its glycemic index,
were significantly associated with lower adiponectin con-
centrations in healthy men (16). For Japanese people, rice
is the primary food that contributes to total carbohydrate
and energy intake, which is seldom the case in Western
populations. Data from the nutritional survey conducted
in the same district (unpublished data) have shown that
carbohydrate intake accounted for about 59% of total
energy intake, and the mean glycemic load was about 206
among subjects aged 40 yr or over. Both parameters were
higher than those of White adults (16). Although the effect
of the dietary glycemic intake on the relationship between
alcohol intake and adiponectin concentrations has not
been fully elucidated, the higher intake of carbohydrate in
the Japanese population may contribute to the different
influence of alcohol consumption on adiponectin concen-
trations between Japanese and White subjects.

Our study demonstrated an inverse association be-
tween alcohol intake with serum adiponectin levels in
men, with less clear findings in women. This discrepancy
might be explained, in part, by the gender difference in
ethanol metabolism. Women differ from men in several
factors associated with alcohol metabolism (35), includ-
ing 1) a lower gastric o-ADH activity, which mediates the
first-pass mechanism of ethanol in women, and 2) a de-
creased volume of ethanol distribution (body size and dis-
tribution space for alcohol, with water space being smaller
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in women). However, these properties are not sufficient to
explain the gender difference of the effect of alcohol intake
on serum adiponectin concentrations. The small number
of drinkers among our female subjects (15 %) might cause
difficulty in evaluating this result. Further study, including
increasing the number female drinkers enrolled, is neces-
sary to examine this inference.

There are potential limitations to this study. Because of
its cross-sectional nature, this study did not provide a
causal inference regarding the association between alco-
hol intake and serum adiponectin levels. However, infor-
mation on the drinking habits of subjects was determined
before the measurement of adiponectin concentrations;
thus, an incorrect finding of an inverse association is un-
likely. Data on drinking habits was based on face-to-face
interviews, which leads to the possibility of misclassifica-
tion of exposure (e.g. underreporting). However, it is also
unlikely that this type of misclassification is directly de-
pendent on adiponectin levels, which could be a nondif-
ferential misclassification. Because our study subjects
were recruited from participants in a health screening pro-
gram, any generalization of these results to the normal
population should be made with caution.

In conclusion, alcohol consumption was weakly asso-
ciated with decreased serum adiponectin concentrations
in apparently healthy Japanese subjects. Further investi-
gations in Japanese subjects on alcohol metabolism and
nutrition intake are necessary to clarify the factors that
modulate this inverse effect, which differs from that seen
in White subjects.

Acknowledgments

We thank Mr. Kazuo Goto, the Center for Disease Control and
Prevention in Takahata, for his assistance with data collection.

Address all correspondence and requests for reprints to: Yuko
Nishise, M.D., Department of Gastroenterology, Yamagata Uni-
versity School of Medicine, 2-2-2 Tida-Nishi, Yamagata 990-
9585, Japan. E-mail: ynishise-gi@umin.ac.jp.

This study was partly funded by a Grant-in-Aid from the
Global COE program of the Japan Society for the Promotion of
Science.

The corresponding author had full access to all data in the
study and had final responsibility for the decision to submit for
publication.

Disclosure Summary: The authors have nothing to disclose.

References

1. Chandran M, Phillips SA, Ciaraldi T, Henry RR 2003 Adiponectin:
more than just another fat cell hormone? Diabetes Care 26:2442—
2450

10.

11.

12.

13.

14.

15.

16.

17,

18.

— 100 —

J Clin Endocrinol Metab, August 2010, 95(8):3828-3835

. Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M,

Okamoto Y, Iwahashi H, Kuriyama H, Ouchi N, Maeda K, Nishida
M, Kihara S, Sakai N, Nakajima T, Hasegawa K, Muraguchi M,
Ohmoto Y, Nakamura T, Yamashita S, Hanafusa T, Matsuzawa Y
2000 Plasma concentrations of a novel, adipose-specific protein,
adiponectin, in type 2 diabetic patients. Arterioscler Thromb Vasc
Biol 20:1595-1599

. Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm EB

2004 Plasma adiponectin levels and risk of myocardial infarction in
men. JAMA 291:1730-1737

. Schulze MB, Shai I, Rimm EB, Li T, Rifai N, Hu FB 2005 Adi-

ponectin and future coronary heart disease events among men with
type 2 diabetes. Diabetes 54:534-539

. Daimon M, Oizumi T, Saitoh T, Kameda W, Hirata A, Yamaguchi

H, Ohnuma H, Igarashi M, Tominaga M, Kato T 2003 Decreased
serum levels of adiponectin are a risk factor for the progression to
type 2 diabetes in the Japanese Population: the Funagata study. Di-
abetes Care 26:2015-2020

. Suh I, Shaten BJ, Cutler JA, Kuller LH 1992 Alcohol use and mor-

tality from coronary heart disease: the role of high-density lipopro-
tein cholesterol. The Multiple Risk Factor Intervention Trial Re-
search Group. Ann Intern Med 116:881-887

. Ridker PM, Vaughan DE, Stampfer MJ, Glynn R], Hennekens CH

1994 Association of moderate alcohol consumption and plasma
concentration of endogenous tissue-type plasminogen activator.
JAMA 272:929-933

. Xu A, Wang Y, Keshaw H, Xu LY, Lam KS, Cooper GJ 2003 The

fat-derived hormone adiponectin alleviates alcoholic and nonalco-
holic fatty liver diseases in mice. J Clin Invest 112:91-100

. You M, Considine RV, Leone TC, Kelly DP, Crabb DW 2005 Role

of adiponectin in the protective action of dietary saturated fat
against alcoholic fatty liver in mice. Hepatology 42:568-577
Ferris WF, Naran NH, Crowther NJ, Rheeder P, van der Merwe L,
Chetty N 2005 The relationship between insulin sensitivity and se-
rum adiponectin levels in three population groups. Horm Metab Res
37:695-701

Anand SS, Yusuf S, Vuksan V, Devanesen S, Teo KK, Montague PA,
Kelemen L, Yi C, Lonn E, Gerstein H, Hegele RA, McQueen M 2000
Differences in risk factors, atherosclerosis, and cardiovascular dis-
ease between ethnic groups in Canada: the Study of Health Assess-
ment and Risk in Ethnic groups (SHARE). Lancet 356:279-284
Konta T, Hao Z, Abiko H, Ishikawa M, Takahashi T, Ikeda A,
Ichikawa K, Takasaki S, Kubota I 2006 Prevalence and risk factor
analysis of microalbuminuria in Japanese general population: the
Takahata study. Kidney Int 70:751-756

Koyano S, Emi M, Saito T, Makino N, Toriyama S, Ishii M, Kubota
I, Kato T, Kawata S 2008 Common null variant, Arg192Stop, in a
G-protein coupled receptor, olfactory receptor 1B1, associated with
decreased serum cholinesterase activity. Hepatology Research 38:
696-703

Takeishi Y, Toriyama S, Takabatake N, Shibata Y, Konta T, Emi M,
Kato T, Kawata S, Kubota I 2007 Linkage disequilibrium analyses
of natriuretic peptide precursor B locus reveal risk haplotype con-
ferring high plasma BNP levels. Biochem Biophys Res Commun
362:480-484

Kawado M, Suzuki S, Hashimoto S, Tokudome S, Yoshimura T,
Tamakoshi A 2005 Smoking and drinking habits five years after
baseline in the JACC study. ] Epidemiol 15(Suppl 1):556-566
Pischon T, Girman CJ, Rifai N, Hotamisligil GS, Rimm EB 2005
Association between dietary factors and plasma adiponectin con-
centrations in men. Am J Clin Nutr 81:780-786

Kawamoto R, Kohara K, Tabara Y, Miki T, Ohtsuka N, Kusunoki
T, Abe M 2009 Alcohol consumption is associated with decreased
insulin resistance independent of body mass index in Japanese com-
munity-dwelling men. Tohoku J Exp Med 218:331-337
Nakashima R, Kamei N, Yamane K, Nakanishi S, Nakashima A,
Kohno N 2006 Decreased total and high molecular weight adi-
ponectin are independent risk factors for the development of type 2



J Clin Endocrinol Metab, August 2010, 95(8):3828-3835

19.

20.

21,

22.

23.

24.

25.

26.

diabetes in Japanese-Americans. ] Clin Endocrinol Metab 91:3873—
3877

Beulens JW, van Loon L], Kok FJ, Pelsers M, Bobbert T, Spranger
J, Helander A, Hendriks HF 2007 The effect of moderate alcohol
consumption on adiponectin oligomers and muscle oxidative ca-
pacity: a human intervention study. Diabetologia 50:1388-1392
Snijder MB, Heine R], Seidell JC, Bouter LM, Stehouwer CD,
Nijpels G, Funahashi T, Matsuzawa Y, Shimomura I, Dekker JM
2006 Associations of adiponectin levels with incident impaired glu-
cose metabolism and type 2 diabetes in older men and women: the
Hoorn Study. Diabetes Care 29:2498-2503

Lépez-Bermejo A, Botas P, Funahashi T, Delgado E, Kihara S, Ricart
W, Fernandez-Real JM 2004 Adiponectin, hepatocellular dysfunction
and insulin sensitivity. Clin Endocrinol (Oxf) 60:256-263

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko
EJ, Retzlaff BM, Knopp RH, Brunzell JD, Kahn SE 2003 Relation-
ship of adiponectin to body fat distribution, insulin sensitivity and
plasma lipoproteins: evidence for independent roles of age and sex.
Diabetologia 46:459-469

Lieber CS 1995 Medical disorders of alcoholism. N Engl ] Med
333:1058-1065

Dohmen K, Baraona E, Ishibashi H, Pozzato G, Moretti M,
Matsunaga C, Fujimoto K, Lieber CS 1996 Ethnic differences in
gastric sigma-alcohol dehydrogenase activity and ethanol first-pass
metabolism. Alcohol Clin Exp Res 20:1569-1576

Baraona E, Yokoyama A, Ishii H, Hernindez-Mufioz R, Takagi T,
Tsuchiya M, Lieber CS 1991 Lack of alcohol dehydrogenase isoen-
zyme activities in the stomach of Japanese subjects. Life Sci 49:
1929-1934

Goedde HW, Agarwal DP, Fritze G, Meier-Tackmann D, Singh S,
Beckmann G, Bhatia K, Chen LZ, Fang B, Lisker R, Paik YK,
Rothhammer F, Saha N; Segal B, Srivastava LM, Czeizel A 1992
Distribution of ADH2 and ALDH2 genotypes in different pop-
ulations. Hum Genet 88:344-346

27.

28.

29.

30.

31.

32.

33.

34.

35.

THE
ENDOCRINE
SOCIETY®

Share Your Good News!
Job change? Promotion? Award?
Help Endocrine News spread the word.
endocrinenews@endo-society.org.

jcem.endojournals.org ¢ 3835

Bosron WF, Lumeng L, Li TK 1988 Genetic polymorphism of en-
zymes of alcohol metabolism and susceptibility to alcoholic liver
disease. Mol Aspects Med 10:147-158

Hsiang CY, Wu SL, Cheng SE, Ho TY 2005 Acetaldehyde-induced
interleukin-1p and tumor necrosis factor-a production is inhibited
by berberine through nuclear factor-«B signaling pathway in HepG2
cells. J Biomed Sci 12:791-801

Wang B, Jenkins JR, Trayhurn P 2005 Expression and secretion of
inflammation-related adipokines by human adipocytes differenti-
ated in culture: integrated response to TNF-a. Am ] Physiol Endo-
crinol Metab 288:E731-E740

Li L, Yang G, Li Q, Tang Y, Li K 2006 High-fat- and lipid-induced
insulin resistance in rats: the comparison of glucose metabolism,
plasma resistin and adiponectin levels. Ann Nutr Metab 50:499-505
Chen X, Sebastian BM, Nagy LE 2007 Chronic ethanol feeding to
rats decreases adiponectin secretion by subcutaneous adipocytes.
Am ] Physiol Endocrinol Metab 292:E621-E628

Nanji AA, Jokelainen K, Tipoe GL, Rahemtulla A, Dannenberg AJ
2001 Dietary saturated fatty acids reverse inflammatory and fi-
brotic changes in rat liver despite continued ethanol administra-
tion. J Pharmacol Exp Ther 299:638-644

Nanji AA, Zakim D, Rahemtulla A, Daly T, Miao L, Zhao S, Khwaja
S, Tahan SR, Dannenberg AJ 1997 Dietary saturated fatty acids
down-regulate cyclooxygenase-2 and tumor necrosis factor alfa
and reverse fibrosis in alcohol-induced liver disease in the rat.
Hepatology 26:1538-1545

Iso H, Date C, Noda H, Yoshimura T, Tamakoshi A 2005
Frequency of food intake and estimated nutrient intake among
men and women: the JACC Study. ] Epidemiol 15(Suppl 1):
524-542

Baraona E, Abittan CS, Dohmen K, Moretti M, Pozzato G, Chayes
ZW, Schaefer C, Lieber CS 2001 Gender differences in pharmaco-
kinetics of alcohol. Alcohol Clin Exp Res 25:502-507

— 101 —




Hepatology Research 2010; 40: 432-437

Short Communication

doi: 10.1111/j.1872-034X.2009.00612.x

Expression of the RNA-binding protein Musashi1 in adult

liver stem-like cells
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Aim: Musashil is an RNA-binding protein that regulates the
Notch signaling pathway in stem cells. Our previous study
revealed that Musashi1 is expressed in early hepatocytes
during liver development in the mouse. However, whether
this unique protein is expressed with Notch signaling markers
in adult liver stem-like cells remains unknown.

Methods: Established hepatic stem-like cells (HSLC), which
were derived from adult Sprague-Dawley rats, were used for
experiments in vitro. HSLC were differentiated into mature
cells in terms of producing albumin when co-cultured with
epidermal growth factor (EGF). The mRNA expression of
Musashi1, Notch family (Notch1 and Notch2), Jagged1 and
Hes1 was examined in HSLC before and after cell differentia-
tion using polymerase chain reaction-based techniques.
Protein expression of Musashi1 was examined in the HSLC and
normal mature hepatocytes by immunofluorescence staining.

Results: The mRNA expression of Musashil, Notchi,
Jagged1 and Hes1 was detected in the original HSLC before
culturing with EGF but not in primary cultured mature hepa-
tocytes. The mRNA expression of Musashi1 and Hes1 was
found to be downregulated in differentiated HSLC that
produce albumin. Protein expression of Musashi1 was detect-
able in the original HSLC but not in both differentiated HSLC
and mature hepatocytes.

Conclusion: These findings demonstrate that the RNA-
binding protein Musashi1 is expressed with Notch signaling
markers in adult liver stem-like cells.

Key words: hepatic stem cell, Musashi1, Notch, liver,
RNA-binding protein

INTRODUCTION

T HAS BEEN demonstrated that liver cell regeneration

originates from epithelial cells through two mecha-
nisms. First, mature hepatocytes can proliferate inde-
pendently by division after the loss of liver cells, as is
often observed after a partial hepatectomy.! An alterna-
tive mechanism, in which liver stem/progenitor cells
that subsequently differentiate into hepatocytes, cholan-
giocytes or other liver components are produced, is
involved in reconstruction of the liver after severe liver
damage.? The signal transduction in liver stem cell dif-
ferentiation has not been fully investigated.
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Musashil, a neural RNA-binding protein was first
isolated as a mammalian homolog of the Drosophila
protein, which is required for the asymmetric division of
sensory neural precursor cells.® It is also known that
Musashil is a positive regulator of the Notch signaling
pathway,** which is essential for the determination of
cell fate,® thereby maintaining the self-renewing ability
of stem cells. Thus, Musashil is closely involved in the
regulation of asymmetric cell division of stem-like cells,
which generates differentiated- cells.

In our previous study, we have shown that Musashil
is expressed in early hepatocytes during liver develop-
ment in the mouse.” Whether -this unique RNA-
binding protein has any association with the process of
liver stem cell differentiation in adults is of consider-
able interest. In this study, we investigated the expres-
sion of Musashil in adult liver stem-like cells that
regulates the Notch signaling. Our results suggest a
possible association of Musashil in liver stem-like cell
differentiation.

© 2010 The Japan Society of Hepatology
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METHODS

Liver stem cell line and culture

N ESTABLISHED HEPATIC epithelial stem-like cell

(HSLC) line derived from the healthy liver of
adult male Sprague-Dawley rats® was used for experi-
ments in vitro. This cell line has an immature liver
cell phenotype with positive expression only for
o-fetoprotein and negative for both albumin and
cytokeratin (CK)19, and exhibits the potential to dif-
ferentiate into cells of the hepatocytic lineage and serve
as stem-like cells for differentiated hepatocytes.® The
cells were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum
at 37°C. Spheroidal aggregates of hepatocytes are
known to exhibit higher functions than hepatocytes
produced by monolayer culture.”’® In order to demon-
strate the differentiation of HSLC into cells of the
hepatocytic lineage in vitro, the cells were co-cultured
for 24 h with epidermal growth factor (EGF) at a con-
centration of 10 ng/mL. These cells formed spheroids
in culture. The expression of albumin was examined as
a marker of cell differentiation in culture cells. The
mRNA expression profile for both CK19 and tyrosine
aminotransferase (TAT) was also examined in HSLC
before and after culturing with EGF. Primary cultured,
normal adult hepatocytes were used as control
cells."!

Western blot analysis of albumin expression
in HSLC

Expression of albumin was analyzed in HSLC cultured
with or without EGF. The proteins were prepared by
treating the cells with cell lysis buffer, followed by cen-
trifugation. A 15-ug sample of proteins was subjected
to a 10% sodium dodecylsulfate polyacrylamide
ready gel (Bio-Rad Laboratories, Richmond, CA, USA).
Resolved proteins were transferred electrophoretically
to an Immunobilon-P membrane (Millipore, Bedford,
MA, USA) at 4°C and processed for immunodetection.
After blocking with 5% nonfat milk for 1 h at room
temperature, the membrane was incubated with rabbit
antirat albumin antibody (1:200 dilution; Cappel,
Aurora, OH, USA) at 37°C for 2.5 h. The membrane
was then incubated with alkaline phosphatase-labeled
goat antirabbit immunoglobulin (Ig)G antibody
(1:1000 dilution; KPL, Gaithersburg, MD, USA) for
1.5 h at room temperature. Detection of the immu-
noreaction was performed with the BCIP/NBT phos-
phate substrate system (KPL), according to the
manufacturer’s protocol.
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Reverse transcription polymerase chain
reaction (RT-PCR)

The mRNA expression of CK19, TAT, Notch family
(Notch1 and Notch2) and its ligand Jagged1, and Hes1 in
both HSLC cultured with or without EGF and in primary
cultured mature hepatocytes were examined by RT-PCR
according to the procedure we previously described.” The
PCR consisted of 35 cycles at a denaturation temperature
of 94°C for 30 s, an annealing temperature of 58°C for
2 min and an extension temperature of 72°C for 1 min
using a Perkin-Elmer 9600 thermal cycler platform
(Perkin-Elmer, Norwalk, CT, USA). The primers for PCR
to detect mRNA expression were: Musashil, 5-GGC
TTCGTCACTITCATGGACCAGGCG-3" and 5-GGGACC
TGGTAGGTGTAAC-3" (PCR product; 542 bp); Hesl,
5-CCACTGCTACCCGTAAAGTC-3’ and 5’-GGCCTGAG
GCTCTCAGTTCC-3’ (228 bp); Notch1, 5-GACTATGCC
TGCAGCTGTGCC-3" and 5-GGCTGCAGGGCACGTA
GG-3" (421 bp); Notch2, 5-ATGTGTGITACCTACCA
CA-3"and 5’-CCACAGTGGTACAGGTACTT-3" (371 bp);
Jaggedl, 5’-CATCATAGCCTGTGAGCCITC-3" and 5’-
ATATCATCCTCTTCCACTTCC-3’ (492 bp); CK19, 5'-TT
GCGCGACAAGATTCITGG-3" and 5-CATCTCACTCAG
GATCTTGG-3" (361 bp); and TAT, 5-TGAACAGCAC
TACCACTGTG-3" and 5-AGGCATCCTCCGTCITCT
GC-3" (380 bp). The PCR reaction for B-actin was per-
formed as an internal control (191 bp).”

Quantitation of Musashi1 mRNA levels in
HSLC before and after differentiation

The total cellular RNA extracted from Hep3B cells posi-
tive for Musashil mRNA expression’ was used as a
standard. The methods for RNA isolation and cDNA
amplification were performed as previously.” To quanti-
tate Musashil mRNA levels in HSLC before and after
differentiation, real-time PCR was performed using a
LightCycler quick system 350S (Roche Diagnostics,
Tokyo, Japan) according to the manufacturer’s instruc-
tions. The primers for detection of Musashil mRNA in the
real-time PCR were 5-GGCITCGTCACITTCATGGA
CCAGGCG-3’ and 5-GGGACCTGGTAGGTGTAAC-3".
Quantitation test was performed in quadruplicate and
the results were expressed as mean =* standard error (SE).
Differences at P < 0.05 by Mann-Whitney U-test were
considered significant.

Immunofluorescence staining for Musashi1
in HSLC

Expression of Musashil was analyzed by indirect immu-
nofluorescence staining in HSLC cultured with or

© 2010 The Japan Society of Hepatology
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Figure 1 Reverse transcription polymerase chain reaction
(RT-PCR) analysis of Musashil mRNA expression in hepatic
stem-like cells (HSLC) and primary cultured mature hepato-
cytes. The mRNA expression of Musashil was detected in HSLC
but not in hepatocytes. The predicted size of the PCR-amplified
Musashil product was 542 bp.

without EGF. A polyclonal rabbit anti-Musashi peptide
antibody (Chemicon International, Temecula, CA, USA)
that recognizes human and rodent Musashil was used
as a primary antibody. Fluorescein isothiocyanate-
labeled F(ab’), fragments of goat antirabbit IgG (Dako-
Cytomation, Kyoto, Japan) were used as a secondary
antibody. The cells were examined with the aid of a
fluorescence microscope.

RESULTS

Expression of Musashi1 mRNA and
Musashi1 protein in HSLC

HE MRNA EXPRESSION of Musashil was detected in

HSLC but not in primary cultured mature hepato-
cytes by RT-PCR (Fig. 1). The RT-PCR product of the
Musashil mRNA amplified using specific primers pre-
dicted a band of 542 bp. Protein expression of Musashil
was detected in HSLC by immunofluorescence staining
(Fig. 2), but it was not detected in primary cultured
hepatocytes.

Downregulated expression of Musashi1
mRNA and Musashi1 protein in
differentiated HSLC producing albumin

Hepatic stem-like cells were cultured with 10 ng/mL
EGF for 24 h and harvested when they formed sphe-
roids. Albumin expression in these cells was examined
as a marker of cell differentiation from an immature to
a mature state. Albumin expression was not detected in
HSLC before culturing with EGF, but was detectable by
western blot analysis after culturing with EGE. Quanti-
tative analysis revealed that the level of Musashil mRNA
in the differentiated HSLC was significantly lower than
that of original HSLC (1.06 + 1.34 x 10'° copies/mL vs

© 2010 The Japan Society of Hepatology
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433+2.68 x 10" copies/mL, mean+SE, P<0.05)
(Fig. 3). Expression of Musashil protein was not
detected in differentiated HSLC producing albumin by
immunofluorescence staining.

Changes in mRNA expression of the Notch
signaling markers in HSLC differentiation

Because the expression of Musashil mRNA was found to
be downregulated in the cell differentiation process, the
expression of the Notch family mRNA was investigated
in HSLC before and after culturing with EGF by RT-PCR
analysis. Notchl mRNA expression was detected in
HSLC before and after culturing with EGF, but its expres-
sion was not detected in primary cultured mature hepa-
tocytes. Notch2 mRNA expression was found in HSLC
before and after culturing with EGF as well as in primary
cultured mature hepatocytes. The notch ligand Jagged1
mRNA expression was detected in HSLC before and after
culturing with EGF, but its expression was not detected
in primary cultured mature hepatocytes. HesI mRNA
expression was detected in the original HSLC, but not in
those producing albumin after culturing with EGF, and
nor was it detected in primary cultured mature hepato-
cytes. The biliary cell marker, CK19 mRNA expression
was not detected in any cells examined. The hepatocyte
marker, TAT mRNA expression was not detected in the
original HSLC, but its expression was detectable in those

Figure 2 Immunofluorescence staining for Musashil protein
in the cytoplasm of hepatic stem-like cells (original magnifi-
cation x400).
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Figure 3 Western blot analysis of albumin expression in
hepatic stem-like cells (HSLC). Albumin expression was not
detected in the original HSLC, but was detected in spheroid-
forming cells after culturing with epidermal growth factor
(EGF). Real-time polymerase chain reaction analysis of
Musashil mRNA expression in HSLC before and after culturing
with EGF. The level of Musashil mRNA in the spheroid-
forming differentiated cells was significantly lower than
that of original HSLC. Quantitation test was performed in
quadruplicate.

producing albumin after culturing with EGF as well as in
primary cultured mature hepatocytes (Fig. 4).

DISCUSSION

LTHOUGH A CLOSE association has been shown

to exist between Musashil and Notch signaling in
neural stem cell differentiation,* the involvement of
such a mechanism in the differentiation of stem cells in
digestive organs has not been fully elucidated. Recently,
it was shown that Musashil is expressed in putative
intestinal stem cells '* and can be used as a marker of
stem cells and early-lineage progenitor cells in murine
intestinal tissue.

In this study, we have demonstrated that Musashil is
expressed in putative rat liver stem-like cells at the
mRNA and protein level. Interestingly, the mRNA
expression of Hesl was downregulated along with
Musashil mRNA expression in the differentiated cells
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that produced albumin. Notch proteins were initially
identified in Drosophila and Caenorhabditis elegans, but
have subsequently been identified in vertebrate spe-
cies.” It has been reported that there is an association
between expression of the Notch family, and bile duct
formation,™ liver cell regeneration after partial hepate-
ctomy*® and neovascularization in the human diseased
liver,'® although no such association has been demon-

HSLC

Hepatocytes

Albumin .
expression

CK19

TAT

Notch1

Notch2

Hes1

Figure 4 The mRNA expression for cytokeratin (CK)19,
tyrosine aminotransferase (TAT) and Notch family in hepatic
stem-like cells (HSLC), as revealed by reverse transcription
polymerase chain reaction (RT-PCR) analysis. CK19 mRNA
expression was not detected in all cells. TAT mRNA expression
was not detected in the original HSLC, but it was detectable in
differentiated cells producing albumin as well as in mature
hepatocytes. The mRNA expression for Notchl and Jaggedl was
detected in HSLC, but it was not detected in mature hepato-
cytes. Notch2 mRNA expression was detected in all cells. The
mRNA expression of Hesl was detected in HSLC, but was
undetectable in differentiated cells producing albumin as well
as in mature hepatocytes. The predicted size of the PCR-
amplified product was 361 bp for CK19, 380 bp for TAT,
421 bp for Notch1, 371 bp for Notch2, 492 bp for Jagged-1 and
228 bp for Hes1.
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strated in liver stem cells. Both Notch-1 and its ligand
Jagged-1 have been detected in the hepatic progenitor
cells, referred to as oval cells, in the liver of the
2-acetylaminofluorene 70% hepatectomy models."” In
this study, Notchl and Jagged1 mRNA expressions were
detectable in HSLC , but not in mature rat hepatocytes.
The absence of Notchl expression in mature hepato-
cytes has also been demonstrated in humans."” Hes1
mRNA expression is activated by a nuclear translocation
of the Notch intracellular domain.!' In the present
study, we could show that Hes1 mRNA expression was
also detectable in HSLC at a location downstream of this
signaling. The mRNA expression of Notch1-Hes1 signal-
ing was upregulated in Musashil-positive HSLC and
was undetectable in the differentiated cells producing
albumin. To confirm the association of Musashil with
an activation of the Notch signaling, it would be impor-
tant to see if changes in Musashil expression level by the
gene knockdown influence of liver stem-like cell differ-
entiation. In addition, expression of Musashil in the
liver tissue remains unknown. Further studies are
needed to elucidate these issues.

The roles of Musashil in the development of liver
morphology and function remain unknown. A report
on the Musashil gene disruption model revealed that
homozygous newborn mice are not prone to immediate
death, but frequently develop obstructive hydroceph-
alus with aberrant proliferation of ependymal cells.’ As
Musashi2, another member of the RNA-binding protein
family,'® is co-expressed in this model, gene compensa-
tion of Musashi2 in the Musashil disruption model
might contribute to organ development, and hence
improve the chances of survival. Analyses of alteration
of liver-specific mRNA expression as well as liver mor-
phology in such a model would provide information
that could extend our understanding of the role . of
Musashil in the development of liver morphology and
function.

In conclusion, the results of this study suggest that
Musashitl is expressed with Notch signaling markers in
liver stem-like cells as well as in neural stem cells in
adults. The role of Musashil in liver regeneration war-
rants further investigation.
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Abstract: Both granulocyte/monocyte adsorptive apher-
esis (GMA) and ulinastatin, a serine protease inhibitor, are
reported to be effective in patients with ulcerative colitis;
however, combination therapy with GMA and ulinastatin
has not been attempted. Investigating the effect of ulinas-
tatin on GMA is required for combination therapy since
the inhibition of serine protease suppresses the reaction of
GMA. To clarify the effects of ulinastatin on GMA, we
investigated whether granulocyte adsorption to cellulose
acetate beads (carriers for GMA) and interleukin-1 recep-
tor antagonist (IL-1ra) release were inhibited by ulinasta-
tin. Peripheral blood containing ulinastatin, a different
serine protease inhibitor (gabexate mesilate), or signal-
transduction inhibitors was incubated with cellulose
acetate beads in vitro, and the ratios of adsorbed granulo-
cytes and IL-lra release were measured. Granulocyte

adsorption and IL-1ra release were significantly suppressed
with increasing gabexate mesilate concentrations; however,
the adsorption was not significantly inhibited by ulinasta-
tin. Furthermore, IL-1ra release was augmented by the
addition of a high dose of ulinastatin or PD98059 as com-
pared to a low dose. The activation levels of extracellular
signal-regulated protein kinase may regulate IL-1ra release .
induced by the carrier, because both ulinastatin and
PD98059 inhibit extracellular signal-regulated protein
kinase. High concentrations of ulinastatin increased IL-1ra
release without inhibiting granulocyte adsorption to cellu-
lose acetate beads. This result warrants clinical trials of a
combination of ulinastatin and GMA for the treatment of
ulcerative colitis. Key Words: Adsorption, Granulocytes,
Interleukin-1 receptor antagonist, Ulcerative colitis,
Ulinastatin.

Cytokines, which are categorized into pro-
inflammatory cytokines such as tumor necrosis
factor-o (TNF-av), interleukin (IL)-1, IL-6, and IL-8,
or anti-inflammatory cytokines such as IL-1 receptor
antagonist (IL-1ra) and IL-10, play a key role in the

modulation of the intestinal mucosal immune system

(1). A major source of cytokines is activated granulo-
cytes and monocytes (GM) (2).In patients with active
ulcerative colitis, it has been reported that leukocytes
produce significantly more TNF-o. and IL-1B com-
pared with normal controls (3), and that the mucosal
levels of TNF-ot, IL-1B, IL-6, and IL-8 are significantly
higher, and the IL-1ra/IL-1p ratio significantly lower,
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compared with the control group (4). Such imbalance
between pro- and anti-inflammatory cytokines is con-
sidered to be an important feature of active ulcerative
colitis and a target of therapy, although the etiology
and pathogenesis remain unclear.

A GM adsorptive apheresis (GMA) device
(Adacolumn; Jimro Institute, Takasaki, Japan) can
deplete excess and activated GMs from the peripheral
blood of patients with ulcerative colitis (5). The device
comprises a column filled with 2-mm cellulose acetate
beads that act as carriers for adsorptive leukocyte
apheresis (6). After GMA therapy, the blood level of
pro-inflammatory cytokines decreases (3), anti-
inflammatory cytokines including IL-1ra increase, but
IL-1B isnot detectable in outflow of the GMA column
(6-8); also, the mucosal level of pro-inflammatory
cytokines decreases, and the IL-1ra/IL-1B ratio
increases (4). Although the precise mechanisms of the
clinical efficacy of GMA are unclear, GM adsorption
likely triggers various biological responses, such as the
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FIG. 3. Effects of signal transduction inhibitors on (A) the adsorption to cellulose acetate (CA) beads and (B) IL-1ra release. Blood cells -
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were pre-incubated with various concentrations of SB203580 or PD98059 for 15 min at room temperature and then cultured with (E) or
without (O) cellulose acetate beads for 1 h. For the control treatment, 0.1% dimethyl sulfoxide (DMSO) was used. Data are presented as
mean + standard error from three different blood donors. NS, not significant, by repeated-measures one-way ANOVA (post-hoc test with

Bonferroni) in cellulose acetate beads (+).

inhibited using SB203580 and PD98059, respec-
tively. These inhibitors did not show any cytotoxic
effects on leukocyte viability after examination (flow
cytometric assessment of viable cells using propidium
iodide staining showed more than 95% viable cells),
and the number of cells did not decrease after incu-
bation. The down-regulation of L-selectin (CD62L)
induced by fMLP (1pmol/L) stimulation was
clearly suppressed by treatment with SB203580 and
PD98059 (data not shown). These inhibitors slightly,
but not significantly, inhibited granulocyte adsorp-
tion, as with ulinastatin (Fig. 3A). SB203589 did
not significantly inhibit IL-1ra release (Fig.3A);
however, IL-1ra release was significantly inhibited by
the addition of a low dose of PD98059 (0.5 and
5 umol/L), and a high dose of PD98059 (50 pmol/L)
augmented IL-1ra release as compared to a low dose
(Fig. 3B).

DISCUSSION

Ulinastatin has two functions: one is as a serine
protease inhibitor, and the other is as a suppressor
of pro-inflammatory cytokine production. In the
present study we found that ulinastatin did not
inhibit GM adsorption to cellulose acetate beads, and
that 10 000 units/mL of ulinastatin augmented the
release of IL-1ra induced by GM adsorption. Ulinas-
tatin and cellulose acetate beads are separately used

© 2010 The Authors
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for patients with ulcerative colitis, and IL-1ra release
is correlated with clinical efficacy (15,17); thus, the
present study demonstrates the feasibility of combi-
nation therapy with ulinastatin and GMA.
Complement activation fragments produced by
contact between cellulose acetate beads and blood
play important roles in biological responses to GMA
therapy. Our previous studies have demonstrated
that IL-1ra release requires both granulocyte adhe-
sion to cellulose acetate beads and C5a (anaphyla-
toxin) stimulation (8,18,19). The release of IL-1ra by
cellulose acetate beads is similar to that of elastase, a
serine protease. Granulocytes stimulated in suspen-
sion show little degranulation, but C5a induces the
release of elastase from adherent cells in minutes
(20). It is well known that granulocyte adhesion and
C5a stimulation cause activation of ERK1/2 and
p38 MAPK signaling pathways in granulocytes
(21,22); thus, ERK1/2 and p38 MAPK signaling path-
ways should be involved in the release of IL-1ra.
Another serine protease inhibitor, gabexate mesi-
late, did not augment IL-1ra release (Fig. 2A), sug-
gesting that IL-1ra release is unrelated to serine
protease inhibition. Interestingly, gabexate mesilate
also inhibits cytokine production, but this effect is
mediated by the suppression of nuclear factor-xB
(NF-xB) activation (11). On the other hand, ulinas-
tatin inhibits phosphorylation of ERKI1/2 and
decreases expression of early growth response
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factor-1 induced by lipopolysaccharide without
affecting the activation of NF-xkB and activator
protein-1 (23). Since C5a/C5a receptor signaling
requires the phosphorylation of ERK1/2 (21), it is
reasonable to postulate that a low dose of ulinastatin
and an ERK1/2-specific inhibitor (PD98059) inhibit
the release of IL-1ra.

That high doses of these reagents augmented the
release of IL-1ra is difficult to explain. Interestingly,
PD98059 blocks neutrophil chemotaxis, but does not
alter superoxide anion production and paradoxically
enhances degranulation responses to stimuli (24).
Indeed, the effect of PD98059 on IL-1ra release was
similar to that of a previous report on degranulation
(Fig. 3). The blocking of ERK signaling by ulinastatin
may augment alternative signaling by a functional
diversion of ERK signaling pathways, such as the
activation and maintenance of cytosolic phospholi-
pase A; activity (22).

Gabexate mesilate has an inhibitory effect on
complement activation (9). We measured the produc-
tion of C5a in blood samples from two volunteers
after incubation with cellulose acetate beads using
flow cytometry and found that the level of C5a in
blood containing 800 pg/mL of gabexate mesilate
was lower than in blood containing 10 000 units/mL
of ulinastatin (Nishise, unpublished results). Since
complement activation is required for granulocyte
adsorption to cellulose acetate beads and the release
of IL-1ra (8), the difference between ulinastatin and
gabexate mesilate on GM adsorption should be
attributed to the inhibitory effect on complement
activation.

In patients with ulcerative colitis, ulinastatin has
been used with steroids and is thought to be an effec-
tive therapy. It has been reported that rectal mucosal
blood flow is decreased in active ulcerative colitis
patients as compared with healthy controls, but it is
improved after the intravenous injection of ulinasta-
tin and prednisolone (15), and that intravenous injec-
tion of 200 000 units of ulinastatin weekly for three
months in patients taking corticosteroids is effective
in 64% of patients with moderate to severe ulcerative
colitis who are resistant to steroid therapy (16). Com-
bination therapy with ulinastatin and GMA has not
been administered in patients with ulcerative colitis,
and the biological effects of ulinastatin for GM
adsorption to cellulose acetate beads are still
unknown. Our study found that a high concentration
of ulinastatin augmented the release of IL-1ra in GM
adsorption to cellulose acetate beads. It has been
reported that patients with ulcerative colitis who
responded to GMA treatment show a significant
increase in IL-1ra in the Adacolumn outflow (17),
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and that the mucosal tissue ratio of IL-1ra/IL-1p is
significantly increased in ulcerative colitis patients
with clinical remission after Adacolumn therapy (4).
Therefore, ulinastatin administered during GMA
may provide clinical efficacy in patients with ulcer-
ative colitis through an increase in IL-1ra. There are
some practical issues that remain to be resolved
before ulinastatin can be applied with GMA in a
clinical setting. First of all, it must be verified that a
high dose of ulinastatin does not have adverse affects
on the human body, because a larger dose of ulinas-
tatin than that used in previous studies might be
needed for ulcerative colitis patients during Adacol-
umn therapy.

CONCLUSION

The present study found that a high concentration
of ulinastatin increased the release of IL-1ra without
inhibiting granulocyte adsorption to cellulose acetate
beads. Our results should help to clarify the anti-
inflammatory effects of ulinastatin and potentially
lead to new combination therapies for patients with
ulcerative colitis.
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Up-regulation of Activation-Induced Cytidine Deaminase Causes Genetic
Aberrations at the CDKN2b-CDKN2a in Gastric Cancer

YUKO MATSUMOTO,* HIROYUKI MARUSAWA,* KAZUO KINOSHITA,* YOKO NIWA,* YOSHIHARU SAKAI® and

TSUTOMU CHIBA*

Departments of *Gastroenterology and Hepatology and SGastrointestinal Surgery, Graduate School of Medicine, Kyoto University, Kyoto, and *Evolutionary Medicine,

Shiga Medical Center Research Institute, Shiga, Japan

BACKGROUND & AIMS: The DNA/RNA editing en-
zyme activation-induced cytidine deaminase (AID) is mu-
tagenic and has been implicated in human tumorigene-
sis. Helicobacter pylori infection of gastric epithelial cells
leads to aberrant expression of AID and somatic gene
mutations. We investigated whether AID induces genetic
aberrations at specific chromosomal loci that encode
tumor-related proteins in gastric epithelial cells. METH-
ODS: Human gastric epithelial cell lines that express
activated AID and gastric cells from AID transgenic mice
were examined for DNA copy number changes and nu-
cleotide alterations. Copy number aberrations in stom-
ach cells of H pylori-infected mice and gastric tissues
(normal and tumor) from H pylori-positive patients were
also analyzed. RESULTS: In human gastric cells, aber-
rant AID activity induced copy number changes at vari-
ous chromosomal loci. In AID-expressing cells and gas-
tric mucosa of AID transgenic mice, point mutations and
reductions in copy number were observed frequently in
the tumor suppressor genes CDKN2A and CDKNZ2B. Oral
infection of wild-type mice with H pylori reduced the copy
number of the Cdkn2b-Cdkn2a locus, whereas no such
changes were observed in the gastric mucosa of H pylori-
infected AID-deficient mice. In human samples, the relative
copy numbers of CDKN2A and CDKN2B were reduced in a
subset of gastric cancer tissues compared with the sur-
rounding noncancerous region. CONCLUSIONS: H pylori
infection leads to aberrant expression of AID and might
be a mechanism of the accumulation of submicroscopic
deletions and somatic mutations in gastric epithelial
cells. AID-mediated genotoxic effects appear to occur
frequently at the CDKN2b-CDKN2a locus and contribute
to malignant transformation of the gastric mucosa.

Keywords: Gastric Cancer; Activation-Induced Cytidine
Deaminase; Genetic Alterations; Tumor-Related Genes.

Increasing evidence indicates that cancer arises from a
stepwise accumulation of genetic changes and that the
incipient cancer cells acquire mutant alleles of tumor

- suppressor genes and/or proto-oncogenes.! Genetic alter-

ations observed in cancers include point mutations, chro-
mosomal number alterations, chromosomal transloca-
tions, and gene deletions or amplifications.? A number of
human cancers have deletions and/or point mutations at
specific gene loci, causing the putative inactivation of
tumor suppressor genes. Thus, elucidation of the molec-
ular mechanisms underlying the genetic alterations that
occur at the loci encoding tumor suppressor proteins is
important to gain a better understanding of tumorigenesis.

A novel mechanism of genetic alterations (ie, DNA/RNA
editing by members of cytidine deaminases) was recently
reported.>- Among the 11 human cytidine deaminases
identified, activation-induced cytidine deaminase (AID) is
the only molecule that exerts genetic effects on human
DNA sequences under physiologic conditions. AID is an
essential enzyme for somatic hypermutation, class switch
recombination (CSR), and gene conversion, all of which are
crucial steps to achieve the diversification of the #mmuno-
globulin (Ig) genes in activated B lymphocytes.® In sharp
contrast to the physiologic role of AID in the editing of the
Ig genes, we recently demonstrated a pathologic role of AID
linking the accumulation of nucleotide alterations in tu-
mor-related genes and human cancer development.-8 In-
deed, aberrant expression of AID is induced in response to
proinflammatory cytokine stimulation in gastric epithelial
cells, colon epithelial cells, biliary ductal cells, and hepato-
cytes and leads to the accumulation of somatic mutations
in various tumor-related genes in vitro.®-'> Moreover, we
showed that infection with Helicobacter pylori, a class 1 car-
cinogen for gastric cancer, induces aberrant AID expression
in gastric epithelial cells, resulting in the accumulation of
TP53 tumor suppressor gene mutations.'?* Consistent with

Abbreviations used in this paper: AID, activation-induced cytidine
deaminase; BCL6, B-cell CLL/lymphoma 6; CDKN2A, cyclin-dependent
kinase inhibitor 2A; CDKN2B, cyclin-dependent kinase inhibitor 2B;
CGH, comparative genomic hybridization; CSR, class switch recombi-
nation; DSB, double-strand break; PCR, polymerase chain reaction; Tg,
transgenic; WT, wild-type.
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these in vitro findings, a mouse model with continuous and
ubiquitous expression of AID develops cancers in several
epithelial organs, including stomach, liver, and lung, via the
accumulation of somatic mutations.!#-16 These findings
elucidated a novel molecular mechanism linking inflamma-
tion, genetic mutations, and cancer development.

Because AID can trigger a CSR of the Ig gene, it is
reasonable to assume that AID can also mediate chromo-
somal aberrations by triggering double-strand DNA
breaks (DSBs) in lymphoid cells, in addition to somatic
point mutations. Indeed, recent studies have shown that
AID is required for the generation or accumulation of
chromosomal translocations during lymphoma develop-
ment.!” For example, translocations between c¢-myc and
the IgH locus (Igh) are induced in primary B cells within
hours of AID expression, whereas c-myc-Igh translocations
are absent in AID-deficient mice.'8-2> These findings
prompted us to speculate that aberrant expression of
AID in epithelial cells might cause not only somatic point
mutations but also chromosomal alterations, both of
which would play critical roles in the activation and/or
inactivation of tumor-related genes. In this study, there-
fore, we investigated whether the genotoxic activity of
AID could underlie the emergence of genetic aberrations
at specific chromosomal loci encoding tumor-related
proteins in human gastric epithelial cells and thus con-
tribute to the development of gastric cancers.

Materials and Methods

Mice

The generation of transgenic (Tg) mice with con-
stitutive and ubiquitous AID expression and AID-defi-
cient mice was described previously.!52+ Wild-type (WT)
CS57BL/6] mice were purchased from Japan SLC, Inc
(Shizuoka, Japan). For infection, mice were challenged
with 1.5 X 107 colony-forming units of CagPAI-positive
(TN2GF4) H pylori as described previously.25-27 All exper-
iments involving mice conformed to the relevant regula-
tory standards and were reviewed and approved by the
Kyoto University School of Medicine Institutional Ani-
mal Care and Use Committee.

Cell Culture and Transfection

AGS human gastric epithelial cells and stable
transfection of AID-expressing vector into AGS cells was
described previously.1?

Genomic Polymerase Chain Reaction,
Reverse-Transcription Polymerase Chain
Reaction, and Quantitative Real-Time
Genomic and Reverse-Transcription
Polymerase Chain Reaction

The oligonucleotide primers used are shown in
Supplementary Table 1. Quantification of gene expres-
sion or gene copy numbers was performed by quantita-
tive real-time reverse-transcription polymerase chain re-
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action (PCR) or genomic PCR using a Light Cycler 480
and Fast Start Universal Probe or SYBR Master (Roche,
Mannheim, Germany).® To assess the quantity of isolated
DNA, target DNAs were normalized to the DNA levels of
the housekeeping reference gene human ACTB or mouse
Actb. For simplicity, the ratios are represented as relative
values of target gene/human ACTB or mouse Actb.

Comparative Genomic Hybridization

Microarray Analysis

Genomic analyses were performed on Human 44K
Agilent arrays by comparative genomic hybridization (CGH;
Agilent Technologies, Santa Clara, CA) according to the
manufacturer’s protocol. DNA extracted from AID-overex-
pressing AGS cells and reference DNA were both labeled by
random priming with Cy3-deoxycytidine triphosphate and
Cy5-deoxycytidine triphosphate for dye-swap experimental
design. Arrays were scanned on an Agilent microarray scan-
ner. Data were extracted and flagged with the Feature Ex-
traction software. Agilent CGH Analytics software was used
to identify regions of copy number alteration.

Fluorescence In Sitw Hybridization Analysis

DNA probes specific to CDKN2b-CDKN2a locus and
ELAVL2 gene were amplified using the primers shown in Sup-
plementary Table 1. These probes were labeled by nick-trans-
lation with either SpectrumGreen- or SpectrumOrange-labeled
deoxyuridine triphosphate (Abbott Molecular Inc, Des Plaines,
IL) and hybridized to chromosomes of AGS cells expressing
AID for 21 days. Images were taken with the fluorescence
microscope MD5000B (Leica, Wetzlar, Germany).

DNA Polymorphism Analysis

The DNA polymorphism analyses of restriction
fragment length polymorphisms were performed to de-
tect loss of heterozygosity. PCR was performed using the
primer sets shown in Supplementary Table 1, and PCR
products were digested with Dde I (for human CDKN2A)
or Psp 1406 I (for human CDKNZB).

Southern Blot Analysis

Southern blot analysis of the PCR products was
performed using AlkPhos Direct Labelling Reagents (GE
Healthcare, Buckinghamshire, England), with DNA probes
labeled using alkaline phosphatase, according to the
manufacturer’s protocol. The primer sets used are shown
in Supplementary Table 1.

Subcloning and Sequencing of Tumor-Related

Genes

The oligonucleotide primers used are shown in
Supplementary Table 1. Amplification of the target se-
quences was performed using high-fidelity Phusion Taq
polymerase (Finnzymes, Espoo, Finland), and the prod-
ucts were subcloned into a pcDNA3 vector (Invitrogen,
Carlsbad, CA). The resulting plasmids were subjected to
sequence analysis.!!
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Patients

The study group comprised 28 patients who had
undergone potentially curative resection of primary gas-
tric cancer at Kyoto University Hospital from 2006 to
2007. Written informed consent for the use of the re-
sected tissues was obtained from all patients in accor-
dance with the Declaration of Helsinki, and the Kyorto
University Graduate School and Faculty of Medicine Eth-
ics Committee approved the study.

Statistics

Statistical significance (P < .05) was evaluated
using the x* test for sequence and fluorescence in situ
hybridization analyses and the Mann-Whitney U test for
quantitative real-time PCR analysis.

Results

AID Expression Induces Chromosomal
Aberrations in Gastric Epithelial Cells

To view the overall landscape of the genertic alter-
ations caused by AID activation in human gastric epithe-
lial cells, we used a system that allows for conditional
AID activation by constructing a stable transfectant of
AID fused with the hormone-binding domain of the
human estrogen receptor in the human gastric epithelial
cell line AGS (Supplementary Figure 1). We then condi-
tionally activated AID in the cells by introducing an
estrogen analogue, 4-hydroxytamoxifen,'>?? followed by
CGH analyses performed on DNA samples extracted
from the cells with or without AID activation. Copy
number changes emerged in a number of submicroscopic
areas in almost all chromosomes of the cells with AID
activation compared with the control cells (Supplemen-
tary Figure 2). Most of the changes observed in the
AlD-expressing cells were submicroscopic deletions rep-
resented by copy number losses of various chromosomal
loci, whereas large-scale deletions or changes in chromo-
somal number, such as monosomy, were not apparent in
the cells with AID expression. In contrast, a submicro-
scopic copy number gain was observed in a few chromo-
somal loci on 3p, 10q, and 19p in AID-expressing cells
(Supplementary Figure 2). Analysis of the time course
changes in the copy numbers revealed that the number of
submicroscopic chromosomal deletions increased de-
pending on the duration of AID activation in gastric cells
(Figure 1A and Supplementary Table 2). These findings
suggested that AID expression caused the copy number
changes, mainly by inducing submicroscopic chromo-
somal deletions, in gastric epithelial cells.

AID Induces Reductions of the CDKN2A and

CDKN2B C(l)ﬁy Numbers in Gastric

Epithelial Ce.

Repeated CGH analyses on AGS cells showed that
deletions at 2 specific loci, 9p21 and 3927, commonly

GASTROENTEROLOGY Vol. 139, No. 6

occurred after 1-week and 3-week AID activation, al-
though there were many deleted regions observed. Nota-
bly, these chromosomal regions harbored the tumor sup-
pressor genes cyclin-dependent kinase inhibitor 2A
(CDKN2A) and cyclin-dependent kinase inhibitor 2B
(CDKN2B) at 9p21 and B-cell CLL/lymphoma 6 (BCL6) at
3q27 (Figure 1A4). It has been well recognized that
CDKN2A and CDKNZ2B play crucial roles as tumor sup-
pressor genes in the development of various human tu-
mors.2® Therefore, we further examined whether AID
expression caused the deletion of the CDKN2b-CDKN2a
locus at 9p21 using fluorescence in situ hybridization
analyses with the probes specific for CDKN2b-CDKN2a
locus and control ELAVL2 gene. We found that signifi-
cantly more deletions of CDKA2b-CDKN2a locus were
present in human gastric cells with AID activation than
those in the control cells (27.6% and 6.9%, respectively;
P < .001; Figure 1B and Table 1). In contrast, there was
no significant difference in the frequency of deleted sig-
nals for ELAVL2 gene between AID-expressing cells and
cells without AID activation (11.9% and 11.2%, respec-
tively; Table 1). These results suggest that AID preferen-
tially induces submicroscopic deletions of CDKN2A and
CDKN2B genes in gastric epithelial cells.

Next, we analyzed the gastric mucosa of AID Tg mice,
which develop various tumors, including gastric cancer,
in association with the accumulation of somatic muta-
tions.!® We examined the relative copy number ratio of
Cdkn2a and Cdkn2b at chromosome 4, and Bcl6 at chro-
mosome 16, in noncancerous gastric mucosa as well as in
the gastric cancer tissue of AID Tg mice (Figure 2A). As a
reference, we selected several genes, such as Acot7 at
chromosome 4 and Actb at chromosome 5, that were
located at stable chromosomal sites in the AID-express-
ing cells in vitro. The relative copy number ratios of
Cdkn2a and Cdkn2b were significantly lower in gastric
epithelial cells of AID Tg mice compared with those of
the WT mouse (P < .05; Figure 2B and C). Moreover, the
gastric cancer tissues had substantially reduced amounts
of Cdkn2a and Cdkn2b compared with the noncancerous
gastric mucosa in the AID Tg mice (Figure 2B and C). All
of the AID Tg mice also had significantly reduced copy
number levels of Bcl6 in the gastric mucosa compared
with the WT mouse (P < .01; Figure 2D). In contrast,
there was little difference in the copy numbers of the
Acot7 gene between the gastric mucosa of the WT and
AID Tg mice (Figure 2E). Southern blotting analyses
revealed that signals derived from the Cdkn2a gene in the
gastric mucosa of the AID Tg mice were substantially
reduced compared with that in the WT mouse (Figure
2F). These findings together suggested that constitutive
expression of AID in normal gastric epithelial cells re-
sulted in submicroscopic Cdkn2a and Cdkn2b gene defects
at high frequency in vivo.
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Figure 1. Copy number analyses of CDKN2A and CDKN2B genes in AGS cells with or without AID activation. (4) Copy number profies on
chromosomes 3 and 9 of AGS cells with AID activation for 1 or 3 weeks, using CGH analyses, are shown. The BCL6 gene is located on chromosome
3, and the CDKN2A and CDKNZ2B genes are located on chromosome 9. Red and green dots represent copy number amplification and reduction,
respectively. (B) Dual-color fluorescence in situ hybridization analyses for AID-expressing AGS cells. Representative images for the CDKN2b-
CDKNZ2a locus (green signals) and ELAVL2 gene (red signals) in cells with AID activation for 3 weeks. Chromosomes with both COKN2b-CDKN2a
locus and ELAVL 2 gene had green and red signals (CDKN2b-2a(+)/ELAVL2(+); left panels). Chromosomes without CDKN2b-CDKN2a signals had
only red signals (COKN2b-2a(—)/ELAVL2(+); right panels).
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vitro, control AGS cells without AID activation contained
only a single or 2 nucleotide alterations of the CDKN2A
or CDKN2B gene sequences (Table 2). In contrast, gastric
cells with AID activation had significantly higher fre-

AID Expression in Gastric Epithelial Cells
Caused Somatic Mutations in the CDKN2A
and CDKN2B Genes

To further determine if the CDKN2A and

CDKN2B genes are preferential targets of AID-mediated
genotoxic effects, we examined whether somatic muta-
tions are induced by AID activation in CDKN2A and
CDKNZB genes of gastric cells in vitro and in vivo. In

quencies of nucleotide alterations in the CDKN2A and
CDKNZ2B genes than those in control cells (P < .01; Table
2). Of the 19 mutations in CDKNZ2A of AID-activated
AGS cells, one was a nonsynonymous mutation and an-

Table 1. Frequency of Chromosomes With Deleted Signals Identified in AID-Expressing AGS Cells Using CDKN2b-CDKN2a/
ELAVLZ Dual-Color Fluorescence In Situ Hybridization Analyses

AID(+)

Control

Frequency of the

Chromosomes without

Frequency of the Chromosomes without

chromosomes signals/total chromosomes signals/total
Deleted genes without signals chromosomes without signals chromosomes)
CDKN2b-CDKN2a 27.6% (97/352)2 6.9% (24/347)
ELAVL2 11.9% (42/352) 11.2% (39/347)

NOTE. Data represent the frequency of chromosomes with the deletions of targeted genes, and values in parentheses indicate the number of
chromosomes with deleted genes per number of total chromosomes examined.

P < .001 vs control.
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