Amelioration of Insulin Resistance and Obesity by Rimonabant

ies have shown that adiponectin stimulates fatty acid oxidation in
the skeletal muscle and inhibits glucose production in the liver by
activating AMP-activated protein kinase (AMPK)? (26~29). We
also reported that pioglitazone may induce amelioration of insulin
resistance and diabetes via an adiponectin-dependent mechanism
in the liver and an adiponectin-independent mechanism in the
skeletal muscle (30).

Rimonabant has been shown to increase the plasma adi-
ponectin levels in animal models of obesity and diabetes as well
as in both diabetic and nondiabetic subjects (15, 31, 32). The
results of the RIO-Lipids study provided evidence of a weight
loss-independent effect of rimonabant on the plasma adi-
ponectin levels (15). Furthermore, the metabolic improve-
ments induced by rimonabant could be attributed, at least in
part, to a moderate but significant increase in the plasma
circulating adiponectin levels (15). However, whether the
rimonabant-induced increase in the plasma levels of adi-
ponectin might be causally involved in the effects of rimon-
abant, in particular its insulin-sensitizing effects, has not
been addressed experimentally.

To address this issue, in the present study, we used
adipo(—/—)ob/ob mice (30) to investigate whether rimonabant
might be capable of ameliorating insulin resistance in the
absence of adiponectin, We found that rimonabant signifi-
cantly decreased the body weight and food intake to similar
degrees in the ob/ob and adipo(—/—)ob/ob mice. Furthermore,
we found significant amelioration of the insulin resistance in
the ob/ob mice, in association with significant up-regulation of
the serum adiponectin levels after 21 days of treatment with
rimonabant at 30 mg/kg, body weight. The amelioration of
insulin resistance in the ob/ob mice was attributed to the
decrease of glucose production and activation of AMPK in the
liver but not the increased glucose uptake by the skeletal mus-
cle, induced by the drug. Interestingly, insulin resistance was
also significantly, although only partially, improved in the
adipo(—/—)ob/ob mice. Thus, the results suggest that rimon-
abant ameliorates insulin resistance via both adiponectin-de-
pendent and adiponectin-independent pathways.

EXPERIMENTAL PROCEDURES

Animals and Genotyping—The mice were housed under a
12-h light/dark cycle and fed standard chow, CE-2 (CLEA Japan
Inc., Tokyo, Japan). The composition of the chow was as fol-
lows: 25.6% (w/w) protein, 3.8% fiber, 6.9% ash, 50.5% carbohy-
drates, 4% fat, and 9.2% water. Ob/ob and adipo(—/—)ob/ob
mice were generated by intercrossing adipo(+/—)ob/+ mice.
All the mice were maintained on a C57Bl/6 background (30).
All of the experiments in this study were conducted on 16 -20-
week-old male littermates. The animal care and experimental
procedures were approved by the Animal Care Committee of
the University of Tokyo.

Rimonabant Treatment Study—Rimonabant (SR141716) or
vehicle (0.1% Tween 80 in saline) was administered to ob/ob
and adipo(—/-)ob/ob mice at a dose of 30 mg/kg body weight

2The abbreviations used are: AMPK, AMP-activated protein kinase; PEPCK,
phosphoenolpyruvate carboxykinase; WAT, white adipose tissue; TG, trig-
lyceride; FFA, free fatty acid; HMW, high molecular weight.
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by oral gavage, once daily for 21 consecutive days. Rimonabant
was kindly provided by Sanofi-Aventis (Montpellier, France).
We measured the body weights and food intake of the mice
once daily for 21 consecutive days.

Hyperinsulinemic-Euglycemic Clamp Study--Clamp studies
were carried out as described previously (30) with slight modi-
fications. In brief, 2 days before the study, an infusion catheter
was inserted into the right jugular vein under general anesthesia
induced by sodium pentobarbital. Studies were performed on
the mice under conscious and unstressed conditions after 8 h of
fasting. A primed continuous infusion of insulin (Humulin R;
Lilly) was administered (25.0 milliunits/kg/min), and the blood
glucose concentration, monitored every 5 min, was maintained
at 100-130 mg/dl by administration of glucose (5 g of glu-
cose/10 ml enriched to ~20% with [6,6-*H,]glucose (Sigma))
for 120 min. Blood was sampled via tail tip bleeds at 90, 105, and
120 min for determination of the rate of glucose disappearance
(R,). R, was calculated according to nonsteady-state equations
(30), and endogenous glucose production was calculated as the
difference between the R, and the exogenous glucose infusion
rate (30).

Western Blot Analysis—Tissues were excised and homoge-
nized in ice-cold buffer A (25 mm Tris-HCl (pH 7.4), 10 mm
sodium orthovanadate, 10 mum sodium pyrophosphate, 100 mm
sodium fluoride, 10 mm EDTA, 10 mm EGTA, and 1 mM phen-
yimethylsulfonyl fluoride). The sample buffer for analysis under
reducing conditions was composed of 3% SDS, 50 mm Tris-HCl
(pH 6.8), 5% 2-mercaptoethanol, and 10% glycerol. Samples
were mixed with 5X sample buffer, heated at 95 °C for 5 min for
heat denaturation, separated on polyacrylamide gels, and then
transferred to a Hybond-P polyvinylidene difluoride transfer
membrane (Amersham Biosciences). Bands were detected with
ECL detection reagents (Amersham Biosciences). To examine
the Akt and AMPK phosphorylation and protein levels, lysates
of liver and muscle were analyzed using anti-phospho-Akt (Cell
Signaling Technology, Inc., Beverly, MA), anti-Akt (Cell Signal-
ing Technology, Inc.) antibody, anti-phospho-AMPK (Cell Sig-
naling Technology, Inc., Beverly, MA), and anti-AMPK (Cell
Signaling Technology, Inc.) antibodies. For the analysis under
nonreducing conditions, 2-mercaptoethanol was excluded
from the sample buffer described above. To examine the iso-
forms of adiponectin, the serum samples were diluted 20-fold.
Anti-mouse adiponectin antiserum was obtained by immuniz-
ing rabbits with the globular domain of mouse recombinant
adiponectin produced in Escherichia coli (21).

Tissue Sampling for Insulin Signaling Pathway Study—Mice
were anesthetized after 16 h of starvation, and 0.05 unit of
human insulin (Humulin R; Lilly) was injected into the inferior
vena cava. After 5 min, the liver was removed, and the speci-
mens were used for profein extraction as described above.

Plasma Adiponectin and Lipid Measurements—The mice
were deprived of access to food for 16 h before the measure-
ments. The plasma adiponectin levels were determined with a
mouse adiponectin enzyme-linked immunosorbent assay kit
{Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan). Serum trig-
lyceride and free fatty acids (Wako Pure Chemical Industries
Ltd., Osaka, Japan) were assayed by enzymatic methods.
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Amelioration of Insulin Resistance and Obesity by Rimonabant

Measurement of Adipocyte Size—Epididymal white adipose
tissue and subcutaneous fat were routinely processed for paraf-
fin embedding, and 4-um sections were cut and mounted on
silanized slides. The adipose tissue sections were stained with
hematoxylin and eosin, and the total adipocyte area was man-
ually traced and analyzed using the Win ROOF software
(Mitani Co. Ltd., Chiba, Japan). The white adipocyte area was
measured in 200 or more cells/mouse in each group, in accord-
ance with a previously described method (30), with slight
modifications.

Oil Red O Staining and Quantification—Lipid accumulation
was assessed by Oil Red O staining in 6-um frozen sections of
the liver fixed in phosphate-buffered 4% paraformaldehyde,
according to a previously described method (33) with slight
modification. In brief, the livers were washed once for 1 min
with H,O. After an additional wash for 1 min with 60% isopro-
pyl alcohol, the livers were stained for 10 min at 37 °C with
freshly diluted Oil Red O solution (6 parts of Oil Red O stock
solution and 4 parts of H,O; the Oil Red O stock solution con-
tained 0.5% Oil Red O in isopropyl alcohol). After one wash for
2 min with 60% isopropy! alcohol and one wash for 1 min with
H,O0, the livers were stained for 5 min with hematoxylin. The
stain was then washed off with running water, and the silanized
slides were stained. Oil Red O staining was quantified on digital
images. Color images were acquired with a Nikon digital cam-
era and analyzed using the Image J software. The percentage of
the area of Oil Red O staining was measured from 9 -10 differ-
ent sections/mouse in each experimental group. Values were
expressed as percentage of area.

Analysis of O, Consumption—Oxygen consumption was
measured every 3 min for 24 h in the fasting mice using an
0,/CO, metabolism measurement device (model MK-5000;
Muromachilikai, Tokyo, Japan). After rimonabant treatment
for 21 days, each mouse was placed in a sealed chamber (560-ml
volume) with an air flow rate of 500 ml/min at room tempera-
ture. The amount of oxygen consumed was converted to
ml/min by multiplying it with the flow rate.

RNA Preparation and Tagman PCR—Total RNA was
extracted from various tissues in vivo with TRIzol reagent
(Invitrogen), in accordance with the manufacturer's instruc-
tions. After treatment with RQ1 RNase-free DNase (Promega,
Madison, WI) to remove genomic DNA, ¢cDNA was synthe-
sized with MultiScribe reverse transcriptase (Applied Biosys-
tems, Foster City, CA). Total RNA was prepared from 3T3L1
cells in vitro with an RNeasy Mini Kit (Qiagen Co., Diisseldorf,
Germany), in accordance with the manufacturer’s instructions.
mRNA levels were quantitatively analyzed by fluorescence-
based reverse transcriptase-PCR. The reverse transcription
mixture was amplified with specific primers using an ABI Prism
7000 sequence detector equipped with a thermocycler. The
primers used for MCP-1 (monocyte chemoattractant protein-
1), resistin, phosphoenolpyruvate carboxykinase (PEPCK), car-
nitine palmitoyltransferase-1A, the hepaticisoform of carnitine
palmitoyltransferase-1, protein phosphatase 2C, and cyclophi-
lin were purchased from Applied Biosystems (Foster City, CA).
The relative expression levels were compared by normalization
to the expression levels of cyclophilin.
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Cell Culture and Differentiation of 3T3L1 Adipocytes and
Rimonabant Treatment—3T3L1 preadipocytes were cultured
in Dulbecco’s modified Eagle's medium containing 25 mu glu-
cose and 10% fetal bovine serum at 37 °C. Confluent cultures
were induced to differentiate into adipocytes by incubation in
Dulbecco’s modified Eagle’s medium containing 25 mu glu-
cose, 10% fetal bovine serum, 0.25 units/ml insulin, 0.25 pMm
dexamethasone, and 0.5 mM isobutyl-1-methylxanthine. After
2 days, the medium was changed to Dulbecco’s modified Eagle’s
medium containing 25 mM glucose, 10% fetal bovine serum,
and 0.025 units/ml insulin. All studies were performed on adi-
pocytes 10 days after the initiation of differentiation (Day 0).
Rimonabant treatment (100 nm and 1 um) was started on Day 0,
and DMSO was used as the vehicle. Prior to the start of the
experiments, the differentiated adipocytes were serum-starved
in Dulbecco’s modified Eagle’s medium containing 25 mm glu-
cose for 16 h at 37 °C.

RESULTS

Absence of Adiponectin Had No Effect on Rimonabant-in-
duced Suppression of Body Weight and Daily Food Intake—The
body weight gain was similar between the untreated ob/ob and
adipo(—/—)ob/ob mice (Fig. 14), as reported previously (30).
The food intake was also comparable between the untreated
ob/ob and adipoe(—/-)ob/ob mice (Fig. 1B). Rimonabant sig-
nificantly decreased the body weight and food intake to similar
degrees in the ob/ob and adipo(—/-)ob/ob mice (Fig. 1, A and
B). After 21 days of rimonabant treatment, both the ob/ob and

adipo(—/—)ob/ob mice weighed 10% less than the correspond-

ing untreated mice (Fig. 14). Moreover, rimonabant treatment
significantly decreased the white adipose tissue (WAT) mass
in both subcutaneous and visceral (epididymal, mesenteric,
and retroperitoneal) fat to similar degrees in the ob/ob and
adipo(—/—)ob/ob mice (Fig. 1C). To determine whether the
presence of adiponectin is required for the reduction of the
average adipocyte size induced by rimonabant treatment, we
histologically analyzed the epididymal fat pad and subcuta-
neous WAT after fixation and quantitation of the adipocyte
size. The distribution of the adipocyte size in the rimon-
abant-treated ob/ob and adipo(—/—)ob/ob mice was simi-
larly narrowed to that in the untreated ob/ob and adipo(—/
—)ob/ob mice (Fig. 1, D and E), and rimonabant treatment
significantly reduced the average adipocyte size in the ob/ob
and adipo(—/—)ob/ob mice to a similar degree (Fig. 1F).
These findings indicate that the absence of adiponectin had
no effect on either the rimonabant-induced decrease of the
body weight or the food intake of the mice and that rimon-
abant treatment can induce a reduction of adipocyte size in
the absence of adiponectin or leptin or both.

Rimonabant Increased the Energy Expenditure and De-
creased the Serum Triglyceride and Free Fatty Acid Levels to a
Similar Degree in the ob/ob and adipo(—/—)ob/ob Mice—In
addition to suppressing food intake, rimonabant has been dem-
onstrated to increase the energy expenditure (10, 34), and the
increase in energy expenditure has also been shown in CB-1
receptor knock-out mice (35). Since the involvement of adi-
ponectin in this action of rimonabant remains unclear, we
investigated the effects of rimonabant on energy expenditure.
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FIGURE 1.The absence of adiponectin had no effect onrimonabant-induced suppression of body weight and
daily food intake. A and B, body welights (A) and food intake (B) of ob/ob (left panels) and adipo(—/—)ob/ob mice
(right panels) not treated (open squares) and treated (filled squares) with rimonabant (n = 12-14/group). Values are
means + S.E of data obtained from the analysis of ob/ob and adipo(—/—)ob/ob mice. *, p < 0.05. **, p < 0.01.
C, weight of the total visceral white adipose tissue (left panel) and subcutaneous WAT (nght panel) of ob/ob and
adlpo(—/—)ob/ob mice not treated (open bars) and treated (filled bars) with rimonabant (n = 9~14/group). Values
are means * S.E. of data obtained from the analysis of ob/ob and adipo(~/~)ob/ob mice. **, p < 0.01. D and
E, histogram of adipocyte size from epididymal WAT (D) and subcutaneous WAT (£) of ob/ob (left panels) and
adipo(—/—)ob/ob mice {right panels) not treated (open bars) and treated (filled bars) with rimonabant (n = 5-8/
group). Values are means + S.E. of data obtained from the analysis of ob/ob and adipo(—/—)ob/ob mice.*, p < 0.05;
** p < 0,01, F, average size of adipocyte from epldidymal WAT (feft panel) and subcutaneous WAT (nghr panel) of
ob/ob and adipo(—/—)ob/ob mice not treated (open bars) and treated (filled bars) with rimonabant (n = 5~ 8/group).
Values are means * S.E. of data obtained from the analysis of ob/ob and adipo{—/—)ob/ob mice. ***, p < 0.005.
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First, we measured the rectal temper-
ature in the ob/ob and adipo(—/—)-
ob/ob mice. The temperature was
essentially the same (Fig. 24), and
rimonabant treatment significantly
increased the rectal temperature of
the ob/ob and adipo(—/—)ob/ob
miceto a similar degree (Fig. 24). Sec-
ond, we investigated the oxygen con-
sumption after 21-day treatment with
rimonabant and found that in the
dark phase of the daily light cycle,
rimonabant increased the energy
expenditure to a similar degree in
both the ob/ob and adipo(—/-)-
ob/ob mice (Fig. 2B). This effect of
rimonabant on the energy ex-
penditure in the ob/ob mice did not
require the presence of adiponectin.
We next investigated the effects of
rimonabant treatment on the serum
lipid levels. In addition to reducing
the body weight, rimonabant has
been demonstrated to reduce the
serum triglyceride (TG) (15-18, 32)
and free fatty acid (FFA) levels (32).
However, the involvement of adi-
ponectin in this action of rimonabant
remains unclear. Both the serum TG
and FFA levels were indistin-
guishable between the ob/ob and
adipo(—/—)ob/ob mice (Fig. 2, C
and D), and rimonabant treatment
significantly decreased the levels of
both to similar degrees in the ob/ob
and adipo(—/—~)ob/ob mice (Fig. 2,
C and D). This effect of rimonabant
on the serum lipids in the ob/ob
mice did not require the presence of
adiponectin, MCP-1 and resistin
have been shown to be important
mediators of insulin resistance
linked to obesity (36—39). We ana-
lyzed the expression of MCP-1 and
resistin in the epididymal WAT.
The expressions of both MCP-1
and resistin were indistinguishable
between the untreated and rimon-
abant-treated mice of either geno-
type (Fig. 2, Eand F).

Rimonabant Increased the Plasma
Adiponectin Levels in the ob/ob Mice,
in Particular of High Molecular
Weight Adiponectin—Rimonabant
treatment for 21 days significantly
increased the plasma adiponectin
levels in the ob/ob mice, whereas
plasma adiponectin was not detect-
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was not detectable in either the
untreated or rimonabant-treated
mice (Fig. 3B). Rimonabant has
been reported to increase adiponec-
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able in either the untreated or rimonabant-treated adipo(—/—)-
ob/ob mice (Fig. 34). High molecular weight (HMW) adi-
ponectin is known to be the most active, and its serum levels
have been reported to be decreased in obese individuals and
murine models, which is associated with a decrease of the
hepatic and muscle AMPK activity and fatty acid combustion
and, thereby, exacerbation of insulin resistance (19, 20). There-
fore, we analyzed the plasma levels of this isoform of adiponec-
tin by Western blotting. Rimonabant treatment significantly
increased the serum levels of HMW adiponectin in the ob/ob
mice (Fig. 3B). On the other hand, the plasma levels of middle
molecular weight and low molecular weight adiponectin
were slightly, but not significantly, increased in the rimo-
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ob/ab

FIGURE 2. Rimonabant increased the energy expenditure and decreased the serum triglyceride and free
fatty acid levels to a similar degree in the ob/ob and adipo(—/—)ob/ob mice. A and 8, rectal temperature
{A)and O, consumption (B) in ob/ob and adipo(—/—)ob/ob mice not treated {open bars) and treated (filled bars)
with rimonabant (n = 6~10/group). Values are means = S.E, of data obtalned from the analysis of ob/ob mice
and adipo(—/—)ob/ob mice. *, p < 0.05;*, p < 0.01. Cand D, serum TG (C) and free fatty acld (FFA) (D) levels In
ob/ob and adipo(—/—)ob/ob mice not treated (open bars) and treated (filled bars) with rimonabant. C, n =
11-14/group; D, n = 4-5/group. Values are means * S.E. of data obtained from the analysis of ob/ob mice and
adipo(—/—)ob/ob mice. *, p < 0.05. *, p < 0.01. £ and F, MCP-1 (£} and resistin (F) expression levels in the
epididymal WAT of ab/ob and adipo{—/—)ob/ob mice not treated {open bars) and treated (filled bars) with
rimonabant (n = 7-8/group). Values are means = S.E. of data obtained from the analysis of ob/ob mice and

adipo(-}-joblob cantly increased in both the ob/ob

and adipo(—/—)ob/ob mice (Fig.
4A); however, the increase was sig-
nificantly less pronounced in the
adipo(—/~)ob/ob mice. Rimon-
abant treatment also produced a
significant decrease of the endoge-
nous glucose production in both the
ob/ob and adipo(—/—)ob/ob mice,
but the effect was significantly less
pronounced in the adipo(—/—)ob/ob mice (Fig. 4B). The rates
of R, were indistinguishable between the untreated ob/ob and
adipo(—/—)ob/ob mice, and rimonabant treatment had no
effect on this parameter in either genotype (Fig. 4C). We next
studied the effects on insulin signaling and the downstream
reactions in the liver (Fig. 4, D and E). Insulin-stimulated Akt
phosphorylation was significantly increased in rimonabant-
treated ob/ob mice as compared with that in the untreated
ob/ob mice (Fig. 4D), whereas insulin-stimulated Akt phospho-
rylation only tended to be increased in the rimohabant-treated
adipo(—/—)ob/ob mice as compared with that in the corres-
ponding untreated mice. The PEPCK expression levels in the
liver were comparable in the untreated ob/ob and
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FIGURE 3, Rimonabant Increased the plasma adiponectin levels, in particular of high molecular weight
adiponectin, in the ob/ob mice. A, plasma adiponectin levels in ob/ob and adipo(—-/~)ob/ob mice not
treated (open bar) and treated {filled bar) with rimonabant (n = 7-14/group). Values are means * S.E. of data
obtalned from the analysis of ob/ob mice and adipo(—/—)ab/ob mice. **, p < 0.01. N.D., not detectable. 8, the
different Isoforms of plasma adlponectin of ob/ob and adipo(—/—)ab/ob mice not treated (open bars) and
treated (filled bars) with rimonabant were analyzed by Western blotting and quantitated by densitometry. The
relative ratio of each molecular weight category of adlponectin was normalized to that in the control ob/ob
mice not treated with rimonabant (n = 4-8/group). Results are representative of three independent experi-
ments. Values are means * S.E. of data obtained from the analysis of ob/ob mice and adipo{—/—)ob/ob mice.

* p < 0.05. n.s,, not significant. C and D, effects of rimonabant on adiponectin mRNA expression (C) and -

adiponectin secretion in the conditioned medium (D) of mouse 3T3L1 adipocytes {n = 4-9/group). Shown are
controls (open bars), DMSO as the vehicle (filled bars), 100 nm rimonabant (gray bars), and 1 um rimonabant
(latticed bars). Values are means = S.E. of data obtained from the analysis of 3T3L1 adipocytes. *, p < 0.05; **,
p <0.01.

ings indicate that rimonabant ame-
liorates hepatic but not muscle
insulin resistance in mice with an
ob/ob background, in both an adi-
ponectin-dependent and adiponec-
tin-independent manner.
Rimonabant  Increased  the
Hepatic AMPK Activities and
CPT-1 (Carnitine Palmitoyltrans-
ferase-1) Expression Levels in both
ob/ob Mice and adipo(—/—)ob/ob
Mice, but Its Effect was Significantly
Less Pronounced in the adipo(—/—)-

ob/ob Mice—W'e carried out analysis

of the liver metabolic activity after the
clamp studies to investigate the
effect of rimonabant on ameliora-
tion of insulin resistance. The
AMPK activities were comparable
in the untreated ob/ob and
adipo(—/—)ob/ob mice (Fig. 5A).
Rimonabant treatment for 21 days
increased the AMPK activities in
both the ob/ob and adipo(—/-)-
ob/ob mice, but its effect was sig-
nificantly less pronounced in the
adipo(—/—)ob/ob mice (Fig. 5A).
The expression levels of CPT-1,
the rate-limiting enzyme in fatty
acid B-oxidation, were also com-
parable in the untreated ob/ob and
adipo(—/—)ob/ob mice (Fig. 5B).
Rimonabant treatment increased
the CPT-1 expression in both
ob/ob and adipo(—/-)ob/ob
mice, but its effect was signifi-
cantly less pronounced in the
adipo(—/—)ob/ob mice (Fig. 5B).
The expression levels of protein
phosphatase 2C were indistin-
guishable between the untreated
ob/ob and adipo(—/-)ob/ob
mice, and rimonabant treatment
had no effect on the protein phos-
phatase 2C expression in either
genotype (Fig. 5C). As reported
previously (26, 41), fatty acid oxi-
dation is positively regulated by
AMPK in the liver; therefore, we
next carried out analysis of the
hepatic TG content by Oil Red O
staining. The percentage of areas
of Oil Red O staining in the liver
were comparable in the untreated

adipo(—/—)ob/ob mice (Fig. 4F). Rimonabant treatment signif- " ob/ob and adipo(—/—)ob/ob mice (Fig. 5D). Rimonabant
icantly decreased the expression of PEPCK in both the ob/ob  treatment significantly decreased the hepatic TG content in
and adipo(—/—)mice, but the effect was significantly less pro- both the ob/ob and adipo(—/—)mice, but its effect was sig-
nounced in the adipo(—/~)ob/ob mice (Fig. 4F). These find- nificantly less pronounced in the adipo(—/—)ob/ob mice
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FIGURE 4. Rimonabant improved hepatic insulin resistance in both ob/ob and adipo(—/—)ob/ob mice,
although the effect was significantly less pronounced in the adipo(—/—)ob/ob mice. A-C, glucose infu-
sion rates (GIR) (A}, endogenous glucose production (EGP) (B), and rates of glucose disappearance (Rd) (C) in
ob/ob and adipo(—/—)ob/ob mice not treated (open bars) and treated (filled bars) with rimonabant In the
clamp study {n = 5-7/group). Values are means *+ S.E. of data obtained from the analysis of ob/ob mice and
adipo(—/—)ob/ob mice. * p < 0.05;**, p < 0.01; ***, p < 0.005. D and E, phosphorylations of Aktin the livers of
ob/ob (D) and adipo(—/-)ob/ob mice () not treated (open bars) and treated (filled bars) with rimonabant after
the Injection of insulin (n = 4-5/group). Results are representative of three independent experiments. Values are
means * S.E. of data obtained from the analysis of ob/ob mice and adipo(—/—)ob/ob mice. *, p < 0.05. F, PEPCK
expression levels in the livers of ob/ob and adipo(~—/-)ob/ob mice not treated (open bars) and treated (filled bars)
with rimonabantafter the clamp studies {n = 6-7/group). The relative expressions after normalization to the expres-
sion level of cyclophilin were compared. Values are means * S.E. of data obtained from the analysis of ob/ob mice
and adipo(—/—)ob/ob mice. * p < 0.05; **, p < 0.01. pAkt, phospho-Akt. n.s., not significant.

(Fig. 5D). We also investigated the AMPK activities in the
muscle after the clamp studies. The AMPK activities in the

and adipo(—/—)ob/ob mice, and
rimonabant treatment had no effect
on the muscle AMPK activity in
either genotype (Fig. 5E). These
findings indicate that rimonabant
activates hepatic but not muscle
AMPK in mice with an ob/ob back-
ground in both an adiponectin-de-

pendent and adiponectin-inde-
pendent manner.

DISCUSSION

The selective CB-1 blocker

rimonabant has been reported to
produce weight loss and ameliorate
insulin resistance and metabolic
abnormalities in obese animals (12,
13), as also in patients with obesity
(15-18). Rimonabant has also been
reported to increase the plasma adi-
ponectin levels in animal models of
obesity and diabetes, as also in dia-
betic or nondiabetic subjects (15,
31, 32). Adiponectin has been pro-
posed to be a major insulin-sensitiz-
ing adipokine (19, 20) and is a plau-
sible candidate as the adipokine
mediating the rimonabant-induced
amelioration of insulin resistance.
Therefore, in this study, we used
two obesity models, the ob/ob and
adipo(—/—)ob/ob mice, to investi-
gate whether the rimonabant-in-
duced increase of plasma adiponec-
tin might be causally involved in the
insulin-sensitizing effects of the
drug.

Rimonabant treatment decreased
the body weight, food intake, and
weight of the WAT to similar degrees
in the ob/ob and adipo(—/—)ob/ob
mice. Furthermore, it also in-
creased the energy expenditure
and decreased the serum TG and
FFA to similar degrees in the
ob/ob and adipo(—/—)ob/ob
mice. Thus, the involvement of
adiponectin was not requited for
rimonabant to exert its effects.

Significant improvement of the
insulin resistance was observed in
the ob/ob mice following rimon-
abant treatment, in association with
significant up-regulation of the
plasma adiponectin levels, in partic-

ular of HMW. Amelioration of insulin resistance in the ob/ob
mice was considered to be attributable to improvement of the

muscle were indistinguishable between the untreated ob/ob  hepatic but not muscle insulin resistance. Interestingly, these
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FIGURE 5. Rimonabant increased the hepatic AMPK activities and CPT-1
expression levels in both ob/ob mice and adipo{—/—)ob/ob mice, but the
effects were significantly less pronounced in the adipo{—/—)ob/ob mice.
A, phosphorylations of AMPK In the livers of ob/ob and adipo(—/—)ob/ob mice
not treated (open bars) and treated (filled bars) with rimonabant after the clamp
studles (n = 4-5/group). Results are representative of three independent exper-
iments, Values are means = S.E. of data obtained from theanalysis of ob/ob mice
and adjpo{—/—)ob/ob mice. *, p < 0.05;**, p < 0.01, Band C, carnitine palmitoyl-
transferase-1 (CPT-1) (B) and protein phosphatase 2C (PP2C) (C) expression levels
in the liver of ob/ob and adipo(—/—)ab/ob mice not treated (open bars) and
treated (filled bars) with rimonabant after the clamp studles (n = 4-9/group).
Relative expressions after normallzation to the expression level of cyclophilin
were compared, Values are means = S.E, of data obtained from the analysis of
ob/ob mice and adipo(~/-)ob/ob mice. ¥, p < 0.05; **, p < 0.01. D, Oll Red O
staining In the livers of ob/ob and adipo(~—/~)ob/ob mice not treated (open bars)
and treated (filled bars) with rimonabant (n = 6~-10/group). Representative liver
histology as viewed on a computer monitor is shown. Original magnification,
%100, Values are means = S.E. of data obtalned from the analysis of ob/ob mice
and adipo(—/—)ob/ob mice. *, p < 0.05;**, p < 0.01. £, phosphorylation levels of
AMPK in the muscle of ab/ob and adipo{—/—)ob/ob mice not treated (open bars)
and treated (filled bars) with rimonabant after the clamp studies (n = 5/group).
Results are representative of three independent experiments, Values are
means * S.E. pAMPK, phospho-AMPK; n.s., not significant.

improvements induced by rimonabant were significantly less
pronounced in the adipo(—/—)ob/ob mice, indicating that adi-
ponectin is involved in the rimonabant-mediated amelioration

1810 JOURNAL OF BIOLOGICAL CHEMISTRY

of hepatic insulin resistance. In fact, although a significant
decrease of the PEPCK expression levels was observed, the
AMPK activity was significantly increased, and the hepatic TG
content was decreased in the ob/ob mice; all of these changes
were significantly less pronounced in the adipo(—/-)ob/ob
mice lacking adiponectin. We reported from a previous study
that adiponectin, especially HMW adiponectin, stimulates
AMPK activation in the liver (26, 42). These findings suggest
that rimonabant treatment activates AMPK in the liver via
increasing the secretion of HMW adiponectin and then
decreases the expression of PEPCK to inhibit glucose produc-
tion and increase CPT-1 expression, thereby stimulating fatty
acid oxidation in the liver.

On the other hand, rimonabant treatment also produced sig-
nificant amelioration of hepatic insulin resistance in the
absence of adiponectin. This amelioration was possibly attrib-
utable to the reduction of body weight (Fig. 14) but not to
suppression of MCP-1 and resistin expression (Fig. 2, E and F).
Alternatively, this amelioration was possibly due to the direct
activation of AMPK by rimonabant in the liver. In fact, recent
reports have shown that AMPK activity was significantly higher
in the liver of hepatocyte-specific CB-1 receptor knock-out
mice, although the serum adiponectin levels in these animals
remained unchanged (35, 43), suggesting that rimonabant
treatment directly activates hepatic AMPK, even without the
mediation of adiponectin, and decreases the expression of
PEPCK to inhibit glucose production in the liver.

In addition, Osei-Hylaman et gl. (35) have reported that
CPT-1 activity in the liver was significantly increased when sys-
temic CB-1 receptors were blocked pharmacologically in wild-
type mice. Moreover, hepatic CPT-1 activity increased, and
hepatic TG content decreased when hepatic CB-1 receptors
were blocked genetically (35). These data suggest that CB-1
receptor blockade stimulates CPT-1 activity and increases fatty
acid combustion to decrease the TG content in the liver. Con-
sistent with this, rimonabant actually increased CPT-1 expres-
sion and decreased the TG content in the livers of ob/ob and
adipo(—/—)ob/ob mice. However, these effects were markedly
attenuated in the adipo(—/—)ob/ob mice, suggesting that
increased CPT-1 expression and decreased hepatic TG content
by rimonabant were also mediated by adiponectin-dependent
as well as adiponectin-independent pathways.

Based on our findings, we propose that there are two distinct
pathways by which rimonabant ameliorates insulin resistance,
one an adiponectin-dependent pathway and the other an adi-
ponectin-independent pathway (Fig. 6). Rimonabant increases
the plasma levels of adiponectin, in particular of HMW adi-
ponectin, which induces AMPK activation and decreases glu-
coneogenesis in the liver, thereby ameliorating insulin resist-
ance. On the other hand, in a manner independent of
adiponectin, rimonabant directly induces AMPK activation
and decreases gluconeogenesis in the liver, possibly via the
hepatic CB-1 receptor (35, 43), which also contributes to ame-
liorating insulin resistance. In addition, rimonabant decreases
food intake and increases energy expenditure, which are related
to reduction of body weight. This body weight loss may be also
associated with ameliorating insulin resistance via adiponectin-
dependent and adiponectin-independent pathways (Fig. 6).
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FIGURE6.Rimonabantamelioratesinsulinresistanceviabothadiponectin-
dependent and adiponectin-independent pathways. There are two dis-
tinct pathways by which rimonabant ameliorates insulin resistance, one an.
adiponectin-dependent pathway and the other an adiponectin-independent
pathway. Rimonabant increases the plasma levels of adiponectin, In particu-
lar of HMW adiponectin, which induces AMPK activation and decreases glu-
coneogenesis In the liver, thereby ameliorating Insulln resistance. On the
other hand, in a manner independent of adiponectin, rimonabant directly
Induces AMPK activation and decreases gluconeogenesis in the liver, possibly
via hepatic CB-1 receptor, which also contributes to ameliorating Insulin
resistance. In addition, rimonabant decreases food intake and increases
energy expenditure, which are related to reduction of body welght. This body
welght loss may be also associated with ameliorating Insulin resistance via
adiponectin-dependent and adiponectin-independent pathways.

Rimonabant is metabolized in the liver by cytochrome P-450
CYP3A4 and amidohydrolase and excreted into the bile (44,
45). The oral bioavailability of rimonabant is low to moderate;
this is due to the extensive first pass metabolism of the drug
(European Medicines Agency). Therefore, in this study, the
concentration in the liver of the orally administered rimon-
abant might be higher than that in other tissues, such as the
muscle, because of the first pass effect of the liver. Although
intraperitoneally administered rimonabant was reported in a
previous study to significantly increase the glucose uptake in
the soleus muscle of ob/ob mice (10), no improvement of the
insulin resistance in the muscle was observed in our study. One
of the reasons for this difference may be the lower concentra-
tion of rimonabant in the muscle due to the first pass effect of
the liver.

In the four double-blind trials (RIO-Lipids (15), RIO-Europe
(16), RIO-North America (17), and RIO-Dijabetes (18)) the
most frequent adverse events among individuals treated with
rimonabant were nausea, dizziness, diarrhea, and insomnia,
each occurring at a 1-9% greater frequency than that in the
placebo group. In the RIO-Lipids, RIO-Europe, and RIO-North
America, the drug had to be discontinued due to the develop-
ment of psychiatric disorders (mainly depression) in 6 -7% of
rimonabant-treated individuals, an absolute increase of 2-5%
over the frequency in the placebo group (44). Substance
dependence with rimonabant has not been reported. The
absence of the appearance of clinical signs in toxicology studies
with a recovery period indicates that rimonabant does not pos-
sess the potential to produce withdrawal syndrome (European
Medicines Agency). ,

Many reports have shown the efficacy of cannabinoid ago-
nists in chronic pain (46). In a rodent model of inflammatory
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pain, anandamide, one of the endogenous cannabinoids, sup-
pressed the development and maintenance of thermal hyperal-
gesia (47). This analgesic effect was diminished by concurrent
administration of the CB-1 antagonist, rimonabant, and anan-
damide. Although rimonabant alters the sensitivity to pain (47),
it does not necessarily induce pain itself. On the contrary,
rimonabant has recently been shown to prevent indomethacin-
induced intestinal injury by decreasing the levels of the proin-
flammatory cytokine, tumor necrosis factor e, in rodents (48),
indicating its potential anti-inflammatory activity in acute and
chronic diseases. In neurogenic inflammatory pain, including
arthritis and neuropathy, many cytokines, especially tumor
necrosis factor w, play a key role in the generation and mainte-
nance of hyperalgesia {49). On the basis of these findings, Costa
(50) indicated that the anti-tumor necrosis factor « effect of
rimonabant might contribute to its anti-inflammatory activity
and consequently to the relief of pain. However, further inves-
tigation and accumulation of further evidence on the effect of
rimonabant on pain are needed. At least, in the four clinical
trials mentioned above, side effects associated with pain, such
as hyperalgesia or hypoalgesia, were not reported. Further-
more, it has been suggested that although females might per-
ceive pain differently from males (51, 52), the anti-obesity
effects of rimonabant appeared to be similar in males and
females (European Medicines Agency).

In conclusion, this study demonstrated for the first time that
rimonabant ameliorates insulin resistance viaboth adiponectin-
dependent and adiponectin-independent pathways.
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CD8T effector T cells contribute to macrophage
recruitment and adipose tissue inflammation in obesity

Satoshi Nishimural~%, Ichiro Manabel*>%, Mika Nagasakil*®, Koji Eto’, Hiroshi Yamashita!,
Mitsuru Ohsugi®, Makoto Otsu’, Kazuo Hara®, Kohjiro Ueki®>>3, Seiryo Sugiura®, Kotaro Yoshimural®

Takashi Kadowaki**® & Ryozo Nagai®*>

Inflammation is increasingly regarded as a key process underlying metabolic diseases in obese individuals. In particular, obese
adipose tissue shows features characteristic of active local inflammation. At present, however, little is known about the sequence
of events that comprises the inflammatory cascade or the mechanism by which inflammation develops. We found that large
numbers of CD8* effector T cells infiltrated obese epididymal adipose tissue in mice fed a high-fat diet, whereas the numbers of
CD4* helper and regulatory T cells were diminished. The infiltration by CD8* T cells preceded the accumulation of macrophages,
and immunological and genetic depletion of CD8* T cells lowered macrophage infiltration and adipose tissue inflammation and
ameliorated systemic insulin resistance. Conversely, adoptive transfer of CD8* T cells to CD8-deficient mice aggravated adipose
inflammation. Coculture and.other in vitro experiments revealed a vicious cycle of interactions between CD8* T cells, macrophages
and adipose tissue. Our findings suggest that obese adipose tissue activates CD8* T cells, which, in turn, promote the recruitment
and activation of macrophages in this tissue. These results support the notion that CD8* T cells have an essential role in the

initiation and propagation of adipose inflammation.

Inflammation is now considered to have a pivotal role in the
development of metabolic diseases’. In particular, obese adipose tissue
shows the hallmarks of chronic inflammation®?, and the inflamma-
tion is thought to alter adipose tissue function, leading to systemic
insulin resistance?, The mechanism by which the development of this
insulin resistance occurs is believed to involve proinflammatory
cytokines produced by infiltrating macrophages and resident adipo-
cytes within the obese adipose tissuel. Likewise, chronic inflammation
also impairs triglyceride storage in adipose tissues, and the excess
circulating free fatty acids and triglycerides also induces insulin
resistance in muscle and liver>”7, Adding insult to injury, it has been
postulated that a paracrine loop involving these free fatty acids and
inflammatory cytokines establishes a vicious cycle that aggravates the
inflammatory changes, furthering the dysfunction of adipose tissue®.
As such, the inflammatory changes seen in obese adipose tissue may
be the key pathology that promotes systemic inflammatory states and
insulin resistance in obese individuals.

Macrophage infiltration of adipose tissue has been described in
both mice and humans'. However, little is known about the sequence
of events that lead to macrophage infiltration. Recently accumulation
of other immune cells, such as T cells, has been documented in obese

adipose tissue®'%, T lymphocytes are known to interact with macro-
phages and regulate the inflammatory cascade!!. However, their
functional role in adipose inflammation remains unclear. Here we
show that infiltration of CD8" effector T cells is an early event during
the development of adipose tissue obesity induced by a high-fat diet.
Further, we show using loss- and gain-of-function approaches in vivo
that these T cells are critical mediators of systemic metabolic dysfunc-
tion. Finally, we also show in vitro that obese adipose tissue can
activate CD8* T cells, which, in turn, allows for the recruitment and
differentiation of macrophages. Thus, together our findings indicate
that CD8* T cells have essential roles in the initiation and main-
tenance of adipose tissue inflammation and systemic insulin resis-
tance. Our results also clearly show the involvement of adaptive
immunity in metabolic disorders.

RESULTS

CD8* T cell infiltration precedes macrophage accumulation
Adipose tissue consists of not only adipocytes but also stromal and
vascular cells, including fibroblasts, vascular endothelial cells and
inflammatory cells. This stromal vascular fraction is known to be
essential for adipose tissue inflammation?, Therefore, to gain insight
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Figure 1 Differential infiltration of lymphocytes and macrophages into obese adipose tissue. (a) Flow cytometric analysis of the stromal vascular fraction
(SVF) from the epididymal fat pads of control mice fed a normal chow diet (ND), diet-induced obese (DIO) mice fed a high-fat diet for 16 weeks and

ob/ob mice fed a normal diet (ob/ob). All mice were 20-weeks-old. The cell populations of macrophages (F4/80*CD11b*), endothelial cells (CD31%),
CD3*CD8*CD4~ T cells, CD3*CD8-CD4* T cells, regulatory T cells (CD4*CD25*Foxp3*) and NK cells (CD3-CD94*) were analyzed (n = 5 mice in each
group). The number of each cell type was normalized to the total number of viable SVF cells. *P < 0.05. (b,c) Immunohistochemical analysis of CD8 and
CD4 (each in red) in epididymal (b) and femoral subcutaneous (c) adipose tissue from ND, DIO and ob/ob mice. Adipocytes were counterstained with boron-
dipyrromethene (BODIPY, blue) and nuclei with Hoechst (green). Quantification of CD8* and CD4* cells is shown in Supplementary Fig. 3. Scale bars,

100 um. (d-g) Time courses of changes in the cell populations in the adipose stroma during development of obesity. Flow cytometric analysis of the stromal
vascular fraction from the epididymal fat pads of control mice fed a normal chow diet and mice fed a high-fat diet beginning when they were 4-weeks-old.
Numbers of macrophages (d), CD8* T cells (e), CD4* T cells (f) and regulatory T cells (g) were determined during the course of DIO development (n =5

mice in each group; *P < 0.05). Error bars represent means + s.e.m.

into the inflammatory processes taking place within these cell frac-
tions during obesity, we first analyzed immune cell populations in
collagenase-digested stromal vascular fractions from obese epididymal
adipose tissue with the aim of identifying local obesity-induced
immunological changes. We acquired stromal vascular fractions using
previously described methods of isolation'? with a few modifications.
We first carried out a set of flow cytometric analyses to determine the
proper gating for analysis of lymphocytes and macrophages in adipose
tissue (Supplementary Fig, 1). We found that R1 gating accounted for
the majority of viable cells, including a majority of F4/80*CD11b*
macrophages. Because earlier studies used broader gating to analyze
macrophages in the stromal vascular fraction'®, we compared the
broader R2 gating with the narrower R1 gating. We found that the
macrophage and lymphocyte fractions detected with R1 gating did not
significantly differ from those detected using the broader R2 gating
(Supplementary Fig. 1 and Supplementary Table 1). For that reason,
we analyzed subsequent cell fractions by R1 gating (for further discussion
of gating, see Supplementary Methods and Supplementary Fig. 1).
Consistent with earlier reports?, the infiltration of F4/80*CD11b*
macrophages into adipose tissue was significantly increased by diet-
induced obesity (DIO) and in obese ob/ob mice compared to the
control lean mice on a normal diet (P < 0.05) (Fig. 1a). The numbers
of CD31* endothelial cells were also higher in obese mice (Fig. 1a),
which may reflect angiogenesis'%, Notably, we found that CD3* T cells
accounted for 14.8 + 0.9% of stromal vascular cells in lean adipose
tissue, and most (94.7 £ 0.3%) of the CD3* T cells were CD4 or CD8
positive. The CD37CD8*CD4~ T cell fraction was larger in obese
adipose tissue, whereas the CD3*CD4*CD8™ T cell fraction was
smaller, as was the regulatory T cell fraction (CD4*CD25*Foxp3*)

compared to lean mice on normal diet (P < 0.05). The natural killer
(NK) cell fraction (CD3~CD94") was unaffected by obesity (Fig. 1a).
In contrast to the higher number of CD8* lymphocytes seen in obese
adipose tissue, CD8" and CD4™ T cell counts were significantly lower
in peripheral blood from ob/0b mice and were unchanged in DIO mice
as compared to mice on a normal diet (P < 0.05) (Supplementary
Fig. 2), suggesting selective recruitment of CD8¥ T lymphocytes to
obese adipose tissues.

Immunohistochemical analysis of F4/80, CD8 and CD4 expression
also revealed higher numbers of F4/80* macrophages and CD8*
T cells and lower numbers of CD4* T cells in obese epididymal fat
pads as compared to mice on a normal diet (P < 0.05) (Pig. 1b and
Supplementary Fig. 3). By contrast, we found no significant changes
in the numbers of CD8* and CD4" cells in subcutaneous fat pads
(Fig. 1c). In obese epididymal adipose tissues, we found a number of
CD8* cells within ‘crown-like structures’ (CLSs), which reflect the
focal convergence of macrophages surrounding necrotic adipo-
cytesi®!? (Fig. 1b), whereas CD4" cells showed no apparent relation-
ship with CLSs.

Most CD3*CD8" cells were CD62L~ and CD44" (74.7% * 3.8%
of CD3" CD8* cells in DIO mice), suggesting the majority of
infiltrated CD8* T cells were activated effector T cells'é. To assess
the clonality of CD8" in obese adipose, we examined the T cell
receptor (TCR) Vj repertoire of CD8" T cells in lean and obese
adipose tissues. The results showed that CD8* T cells in obese adipose
were not monoclonal, though the CD8* cell fractions that were
positive for Vg, and Vg, were significantly larger in obese adipose
tissues as compared to mice on a normal diet (P < 0.05) (Supple-
mentary Fig. 4).
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It is known that one consequence of macrophage accumulation,
particularly M1 macrophages, in inflamed adipose tissue is modulation
and impairment of the tissue’s function!’. It is not known, however,
what initiates macrophage infiltration or the resultant inflammatory
cascade. The dynamic changes in lymphocyte populations seen in
obese adipose tissue (Fig. 1a,b) suggest that lymphocytes might have
a key role. To test this idea, we examined the time course of changes
in stromal cell populations during the progression of DIO. We fed
C57BL/6 mice a high-fat diet, beginning when they were 4-weeks-
old (Fig. 1d-g). Within 2 weeks, the CD8TCD4~ T cell fraction within
the total stromal vascular cell fraction was significantly increased in
the stroma of the epididymal fat, as compared to that in mice fed
a control chow diet (Fig. le). The numbers of CD8*CD4™ T cells
continued to increase thereafter, peaking when the mice were 15-weeks-
old (Fig. le). By contrast, the fractions of CD8~CD4* T cells and
CD4*CD25%FoxP3* regulatory T cells were reduced at later times
(Fig. 1f,g), suggesting that CD8* T cell infiltration is a primary event
during inflammatory cascades within adipose tissue. The increase in
CD8* T cells also preceded the accumulation of macrophages when
cell numbers were expressed per fat pad (Supplementary Fig. 5),
clearly indicating that CD8* cells infiltrated into the epididymal fat
pads of DIO mice before macrophage infiltration.

To gain additional insight into the clinical importance of CD8*
T cells in obese fat, we analyzed the expression of CD8A in samples of
human subcutaneous adipose tissue. Levels of CD8A expression were
significantly higher in obese subjects than in lean ones (P < 0.05),
suggesting that CD8* T cells also accumulate in human obese adipose
tissue (Supplementary Fig. 6).

CD8 depletion inhibits inflammatory cascade in obese adipose

To assess the role of CD8* T cells in adipose inflammation, we
examined the effects of CD8 depletion using neutralizing antibody
treatment on the inflammatory response in obese adipose tissue. We
randomly assigned male C57BL/6 mice to two groups and intraper-
itoneally administered either antibody to CD8 or control IgG once a
week for 8 weeks, beginning when the mice were 4-weeks-old. We fed
the mice a high-fat diet over the same period, and we performed
metabolic and histological analyses at 12 weeks of age. Antibody to

CD8 treatment had no effect on body weight, food intake, fat pad
weight or adipocyte diameter (Supplementary Fig. 7). However, it
significantly lowered the CD8*CD4™ T cell fraction in the epididymal
fat pads without affecting the CD8~CD4* cell fraction (Fig, 2a). It
also reduced the infiltrated M1 macrophage (F4/80*CD11¢*CD206™)
fraction without affecting the M2 macrophage (F4/80*CD11¢~CD206%)
fraction!” and significantly lowered the numbers of CLSs (P < 0.05 for
each) (Fig. 2b and Supplementary Fig, 7d),

The messenger RNA expression of the proinflammatory cytokines
interleukin-6 (IL-6) and tumor necrosis factor-o (TNF-o) in
epididymal fat pads was lowered by CDB8-specific antibody treat-
ment (Fig. 2c), as were their serum concentrations (Supplementary
Fig. 7f). In addition, the insulin resistance and glucose intolerance
induced by the high-fat diet were ameliorated by CD8-specific anti-
body treatment (Fig. 2d.e). Similarly, CD8-specific antibody treat-
ment lowered M1 macrophage infiltration into epididymal fat and
ameliorated systemic insulin resistance in ob/ob mice (Supplementary
Fig. 8). Collectively, these effects of CD8-specific antibody treatrmnent
clearly show that CD8" cells are required for the recruitment of
macrophages into obese adipose tissue and the initiation and propa-
gation of inflammatory responses there.

CD8 depletion ameliorates pre-established inflammation

We next examined the activity of CD8" T cells in obese adipose tissues
in which inflammation had already been established. We began
administering antibodies to 19-week-old DIO mice that had been
fed a high-fat diet since they were 9-weeks-old. We intraperitoneally
administered either antibody to CD8 or control IgG three times per
week for 2 weeks, and examined the mice at 21-weeks-old, Treatment
with antibody to CD8 suppressed CD8* T cell infiltration into
obese fat pads without affecting CD4* T cells (Fig. 3a). CD8 anti-
body also lowered M1 (F4/80*CD11c*) macrophage fraction while
leaving the M2 macrophage (F4/80*CD1lc™) fraction unchanged
(Fig. 3a). The reduction in macrophage infiltration was confirmed
by F4/80 immunohistochemistry (Fig. 3b). In addition, the number
of CLSs was also lowered by CD8-specific antibody treatment
(Pig. 3b,c). DIO led to upregulated mRNA expression of the
proinflammatory cytokines IL-1, IL-6 and TNF-o, as well as of
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all the mice were examined at 21-weeks-old. The same mice were used in b-f. (b} Immunohistochemical identification of macrophages (F4/80, red) in
epididymal adipose tissue. Adipocytes were counterstained with BODIPY (blue), and the nuclei with Hoechst (green). Scale bars, 100 um. (e} Numbers
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intercellular adhesion molecule-1 (ICAM1) and matrix metallo-
proteinase-2 (MMP-2), in adipose tissue, which is consistent with
local inflammation, and CD8-specific antibody treatment lowered
expression of all of these mediators (Fig. 3d).

CD8-specific antibody treatment also ameliorated insulin resis-
tance and glucose intolerance in DIO mice (Fig. 3ef and Supple-
mentary Fig. 9). These results clearly show that CD8-specific antibody
treatment suppresses preexisting adipose inflammation, which strongly
suggests that CD8* cells are required for the maintenance of inflamma-
tory reactions in obese adipose tissue.

CD8* T cells are required for adipose tissue inflammation

To further establish the requirement for CD8" T cells in adipose
inflammation in vivo, we started 6-week-old genetically CD8-deficient
mice on a high-fat diet and maintained them on it for 8 weeks, and
examined the CD8a~/~ mice at I4-weeks-old. In sharp contrast to
wild-type mice fed the same high-fat diet (Fig. 1), the CD8-deficient
mice did not show significant increases in the M1 or M2 macrophage
fraction in the epididymal fat under high-fat diet (Fig. 4a), and we
found very few CLSs (Fig. 4by), although both body weight and
epididymal fat mass were significantly higher compared to CD8a~/~
mice on a normal diet (Supplementary Fig. 10a,b). Levels of proin-
flammatory cytokine mRNA expression in adipose tissue, including
11-6 and TNF-q, also were not increased by the high-fat diet in CD8-
deficient mice (Fig. 4d).

To directly examine the role of CD8" T cells in adipose tissue
inflammation, we adoptively transferred splenic CD8* T cells into
CD8-deficient mice. We intravenously administered either 5 x 10°
splenic CD8* T cells isolated from 7-week-old C57BL/6 mice or control

vehicle weekly over the same period and examined the CD8a~/~
mice at 14-weeks-old. Adoptive transfer of CD8* T cells increased
M1 macrophage infiltration (Fig. 4a), numbers of CLSs (Fig. 4b,c),
and expression of IL-6 and TNF-a in epididymal fat (Fig. 4d),
indicating initiation of adipose inflammation. A high-fat diet induced
moderate glucose intolerance in untreated CD8-deficient mice, but we
did not observe insulin resistance in insulin tolerance tests (Fig, 4e,f).
Adoptive CD8* T cell transfer aggravated the glucose intolerance and
induced insulin resistance (Fig. 4e,f). Taken together, the results that
we obtained with CD8-deficient mice confirm that CD8" T cells are
essential for macrophage recruitment and inflammation in adipose
tissue in DIO.

Interplay between macrophages, T cells and adipocytes

We next analyzed the cellular interplay via which inflammation
develops in obese adipose tissue. On the basis of the findings of the
in vivo experiments summarized above, we hypothesized that obese
adipose tissue activates CD8* T cells, which, in turn, recruit and
activate macrophages. To test this hypothesis, we first cocultured
splenic CD8* T cells with epididymal fat tissue prepared from lean
or obese mice to determine whether obese adipose tissue can activate
CD8* T cells. Whereas obese epididymal fat clearly induced T cell
proliferation, lean fat did so only modestly (Fig. 5a), indicating that
obese adipose tissue can indeed activate CD8"% T cells.

To assess the involvement of CD8" T cells in monocytes and
macrophage differentiation, we cocultured various combinations of
peripheral blood CD11bY#" granulocyte-1 (Gr-1)~CD4~CD8 cells
(most of which were monocytes), CD8* cells prepared from either
lean or obese adipose tissue, and lean epididymal adipose tissue. By
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(e} Numbers of CLSs in adipose tissues (n = 20 low-power fields in each group). (d) Real-time PCR analysis of cytokine expression in adipose tissue from
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Further, the requirement for adipose tissue suggests that the inter-
action between CD8" T cells and adipose tissue is necessary for
induction of macrophage differentiation.

We then tested whether activated CD8" cells elicit macrophage

themselves, neither CD8* cells nor adipose tissue induced macrophage
differentiation (Fig. 5b). However, when cocultured with both CD8*
cells and lean adipose tissue, peripheral blood monocytes differen-
tiated into F4/80*CD11b*CD68* macrophages (Fig. 5b). Moreover,

‘@ © 2009 Nature America, Inc. All rights reserved.

CD8* cells from obese adipose tissues generated significantly more
macrophages than those from lean adipose (Fig, 5b). Thus, CD8" cells
seem to be essential for macrophage differentiation in this setting.

migration via humoral interactions. Analysis of the medium condi-
tioned with activated CD8* T cells showed that these cells secrete
substantial amounts of humoral factors known to induce macrophage
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Figure 5 Interplay between macrophages, CD8* T cells and adipose tissue. {a) Carboxyfluorescein succinimidy! ester (CFSE) proliferation assay of isolated
splenic CD8* T cells cultured with or without epididymal adipose tissue from ND or DIO mice. WAT, white adipose tissue. (b) Effects of CD8* T cells and
adipose tissue on differentiation of peripheral blood monocytes (CD11b"8"Gr-1-) into macrophages (CD11b*F4/80*CD68Y). Monocytes were cocultured for
7 d with CD8* T cells isolated from epididymal adipose tissue from lean (ND CD8) or DIO (DIO CD8) mice, with or without epididymal WAT from lean mice.
The differentiated macrophage fractions are shown (7 = 6 in each group; *P < 0.05; NS, not significant). {c-f) Concentrations of various cytokines in the
control medium and medium conditioned by quiescent (CD8) or activated (activated CD8) CD8 cells (n = 5 in each group). *P < 0.05. IP-10, interferon-
inducible protein-10. (g,h) Migration of RAW264.7 (g) and peritoneal (h) macrophages, as examined using unconditioned control medium (Ctri), medium
conditioned by quiescent (CD8) or activated (activated CDB) CD8* T cells, or neutralizing antibody to MCP-1 (anti-MCP-1) {n = 20 in each group).

*P < 0.05. (i) The fraction of F4/80* CD11b* macrophages producing high levels of TNF-u after isolation from lean epididymal adipose tissue and
cultured without (Ctrl) or with CD8* T cells isolated from ND (ND CD8) or DIO (DIO CD8) mice (n = 5 in each group, *P < 0.05). Error bars represent
means * §.e.m.
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migration, including interferon-inducible protein-10, monocyte
chemoattractant protein-1 (MCP-1), MCP-3 and regulation upon
activation, normal T cell expressed and secreted protein (RANTES)
(Fig. S5c-f). When we plated cells of the macrophage cell line
RAW264.7 or isolated peritoneal macrophages in Boyden chambers
and treated them with medium conditioned by activated CD8" T cells,
the numbers of both cell types that migrated through the pores
between the chamber wells with activated CD8" T cell-conditioned
medium were significantly higher compared to cells cultured in non-
conditioned medium (P < 0.05 for each) (Fig. 5g.h). Treatment with
antibody to MCP-1 lowered the migration of peritoneal macrophages
by approximately half, indicating MCP-1 to be one of the factors
mediating the humoral interactions (Fig. 5h).

To further assess the involvement of CD8" T cells in macrophage
activation in adipose tissue, we cocultured F4/80 CD11b* macro-
phages isolated from lean epididymal fat tissue with CD8* cells
isolated from either lean or obese fat tissue. The numbers of macro-
phages producing high amounts of TNF-a were significantly increased
by the CD8* cells (Fig. 5i). Moreover, CD8* cells from obese adipose
tissue increased the number of TNE-a!# macrophages to a signifi-
cantly greater degree than those from lean adipose tissue (Fig. 5i).
Collectively, then, the results of the coculture experiments show that
the interaction between obese adipose tissue and CD8" T cells is
crucial for macrophage differentiation, migration and activation.

DISCUSSION »

Adipose tissue inflammation is now considered to be a crucial event
leading to the metabolic syndrome, diabetes and atherosclerotic
cardiovascular disease. However, it is still unclear how adipose
inflammation is initiated and maintained. Here we showed that
CD8* T cell infiltration precedes accumulation of macrophages in
adipose tissue obesity, CD8* T cells are required for adipose tissue
inflaimmation and CD8' T cells have major roles in macrophage
differentiation, activation and migration. Thus, CD8* T cells are
crucially involved in initiating inflammatory cascades in obese adipose
tissue. Moreover, the finding that CD8§-specific antibody treatment
ameliorates preestablished adipose inflammation in DIO mice indi-
cates that CD8" T cells are also essential for maintenance of the
inflammatory response. Although infiltration of T cells into obese
adipose tissue has been reported previously!®!8, to our knowledge, the
present study is the first to directly address the functional role of CD8*
cells in adipose tissue inflammation. The findings that systemic insulin
resistance is ameliorated by CD8 depletion and aggravated by adoptive
transfer of CD8" cells strongly suggest that CD8-dependent adipose
inflammation has an impact on systemic metabolism.

Accumulation of CD8" T cells in obese epididymal fat pads was not
accompanied by the presence of greater numbers of CD8* T cells in the
systemic circulation, suggesting that CD8* T cells are activated by
endogenous stimuli localized in the adipose tissue. Supporting this
notion is our finding that obese adipose tissue induces CD8* T cell
proliferation. The findings that incubation with CD8* T cells plus lean
adipose tissue induced macrophage differentiation, although neither
CD8* T cells nor lean adipose tissue did so alone, suggest that CD§*
T cells and adipose tissue interact with each other to activate a local
inflammatory cascade. In addition, the results of coculture experiments
showing the interactions among CD8* T cells, macrophages and
adipose tissue, as well as the results of our CD8 depletion experiments,
which showed that CD8* T cells are essential for both the initiation
and maintenance of adipose inflammation, strongly suggest that there
is a relay involving both CD8* T cells and macrophages in obese
adipose tissue that propagates local adipose inflammation.

ARTICLES

In contrast to the increased infiltration of CD8* T cells, numbers of
CD4" T cells and regulatory T cells were low at later time points
(Pig. 1), which would also be expected to contribute to local
inflammation within adipose tissue, For instance, subsets of CD4*
T cells are known to secrete cytokines that can inhibit macrophage
recruitment, including IL-4 and IL-10 (ref. 19), whereas regulatory T
cells control adaptive immune responses by suppressing T cells, NK
cells, NKT cells, B cells and dendritic cells®®. In addition, regulatory
T cells have also been shown to inhibit proinflammatory activation of
monocytes?! and to inhibit macrophage infiltration and renal injury
in a model of chronic kidney disease??, It is therefore tempting to
speculate that reducing the numbers of CD4* and regulatory T cells
augments the inflammatory response during the late phase of adipose
tissue obesity.

Taken together, our results support the idea that obese adipose
tissue activates CD8* T cells, which, in turn, initiate and propagate
inflammatory cascades, including the recruitment of monocytes and
macrophages into obese adipose tissues and their subsequent differ-
entiation and activation there. Thus, it seems that CD8* T cells have a
primary role in obese adipose tissue inflammation, though future
studies are needed to address which environmental cues within obese
adipose tissue initiate CD8* cell infiltration. Even so, these results
further support the idea that adipose inflammation has a major
impact on systemic metabolism.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturemedicine/.

Note: Supplementary information is available on the Nature Medicine website.
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ONLINE METHODS

Mice. We obtained Male C57BL/6], ob/ob and Cd8a-deficient mice from
Charles River Japan or Jackson Laboratories. All mice were housed under a
12-h light-dark cycle and allowed free access to food. To examine the time-
course of changes in stromal vascular cell populations in adipose tissue
under conditions of diet-induced obesity, we divided C57BL/6 mice into
two groups and fed either a standard chow diet (6% fat, Oriental Yeast
Company) or a high-fat diet (D12492, 60 Kcal% fat, Research Diets) from
the age of 4 weeks.

To examine the effects of CD8 depletion on the initiation and develop-
ment of adipose inflammation, we started antibody administration before the
establishment of DIO. We fed male C57BL/6 mice a high-fat diet for 8 weeks,
beginning when they were 4-weeks-old, and we intraperitoneally administered
either CD8-specific antibody (3 pg per g body weight, 1 mg mi~! solution,
Biolegend) or control rat IgG (Sigma, 1 mg ml™! PBS solution) weekly over the
same period. We examined the mice at 12 weeks old (Fig. 2 and Supplemen-
tary Fig. 7). We validated depletion of CD8" T cells by antibody as shown in
Supplementary Figure 11.

To assess the effects of CD8 depletion on preestablished adipose inflamma-
tion in DIO mice, we fed C57BL/6 mice a high-fat diet, beginning when they
were 9-weeks-old, Ten weeks later, we randomly assigned the 19-week-old obese
mice to two groups and we intraperitoneally administered either CD8-specific
antibody (120 pg per mouse) or control IgG three times per week for 2 weeks
(total of six administrations). Age-matched lean C57BL/6 mice fed a normal
chow diet served as controls. At 21 weeks, we performed oral glucose and
insulin tolerance tests and then killed the mice for analysis of their adipose
tissue (Fig. 3 and Supplementary Fig. 9). .

To assess the effects of CD8-deficient and adoptive transfer of CD8" T cells
on adipose inflammation, we fed CD8a~/~ mice either normal chow or a high-
fat diet for 8 weeks, beginning when they were 6-weeks-old. We intravenously
administered either 5 x 106 splenic CD8* T cells or control PBS weekly over
the same period. We examined the CD8a~/~ mice at 14-weeks-old. We prepared
CD8* splenic T cells from 7-week-old C57BL/6 mice (Fig. 4 and Supplemen-
tary Fig. 10). All experiments were approved by the Institutional Committee
for Animal Research of The University of Tokyo and strictly adhered to the
guidelines for animal experiments of The University of Tokyo.

Isolation of the stromal vascular fraction and flow cytometry. We isolated
stromal vascular cells using previously described methods with some modifica-
tions. We killed the mice after general anesthesia after systemic heparinization.
We removed the epididymal and subcutaneous adipose tissues and then minced
it into small pieces (~2 mm). We vigorously agitated the pieces in PBS
supplemented with 1 pg mi~! heparin for 30 s to remove any circulating blood
cells and then centrifuged the suspension at 1,000g for 8 min. We collected
floating pieces of adipose tissue and incubated them for 20 min in collagenase
solution {2 mg mi~! of collagenase type 2 (Worthington) in Tyrode buffer
(containing 137 mM NaCl, 54 mM KCl, 1.8 mM CaCl;, 0.5 mM MgCl,
0.33 mM NaH,PO,, 5 mM HEPES and 5 mM glucose)) with gentle stirring, We
then centrifuged the digested tissue again at 1,000g for 8 min, We resuspended
the resultant pellet containing the stromal vascular fraction into PBS and
filtered it through a 70-pm mesh. We washed the cells twice with PBS,
incubated for 10 min in erythrocyte-lysing buffer (Becton Dickinson) as
previously described®, and we finally resuspended them in PBS supplemented
with 3% FBS. We incubated these isolated cells with either labeled mono-
clonal antibody or isotype control antibody (eBioscience and BD Pharmingen)
and analyzed by flow cytometry with a Vantage flow cytometer (Becton
Dickinson) and FlowJo (Tree Star, Inc.) sofiware. We used propidium iodide
(Invitrogen) to exclude dead cells. We validated flow cytometric identifica-
tion of Ml (F4/80"CD11c*) and M2 (F4/80*CD11c™) macrophages with
CDllc markers as described in the Supplementary Methods and Supple-
mentary Figure 12.

Immunohistochemistry. We stained and visualized whole-mount adipose
tissue as previously described!?,

CESE proliferation assay of CD8" T cells, We isolated splenic CD8* T cells
from 7-week-old C57BL/6 mice and incubated the isolated CD3* CD8* cells
with 5 pM CFSE (CellTrace CFSE Cell Proliferation Kit, Invitrogen). After
staining, we incubated 2 x 10° cells in DMEM supplemented with 3% FBS for
2 d, with or without 20 mg of minced epididymal white adipose tissue prepared
from either 20-week-old lean mice fed a normal chow diet or DIO mice fed a
high-fat diet for 16 weeks. We harvested the CD8" cells and then analyzed them
by flow cytometry to examine the proliferation status,

Differentiation of peripheral blood monocytes into macrophages. We iso-
lated peripheral blood monocytes (CD11bMeGr-17) from lean 7-week-old
C57BL/6 mice. In the lower wells of a 24-well Multiwell Boyden chamber
(Becton Dickinson), we cultured 5 x 10* monocytes per well in DMEM
supplemented with 3% FBS, with or without 10 mg of minced epididymal
adipose tissue prepared from 7-week-old lean mice in the upper wells, Also in
the upper wells, we cultured 5 x 10* CD3*CD8*CD4~ T cells, which we
isolated from epididymal adipose tissues of 20-week-old lean or DIO mice. We
incubated the cells for 7 d, after which the cells in the upper wells were
collected, stained for CD11b, F4/80 and CD68, and assayed by flow cytometry
for the differentiated macrophage fractions (CD11b*F4/80*CD68*).

Migration of RAW264.7 and peritoneal macrophages. We isolated CD8*
T cells from blood collected from C57BL/B6] mice after cardiac puncture. We
isolated and cultured CD3*CDB8" cells were in DMEM supplemented with
3% FBS, To activate CD8* T cells, we cultured the cells with recombinant IL-2
(20 U ml™},; Sigma), Dynabeads CD3/CD28 T Cell Expander (a bead-to-cell ratio
of 1:1) and 2-mercaptoethanol (50 pM). After 120 h of culture, we aspirated the
culture medium and performed migration assay using Boyden chambers with
8-pum pore inserts (Becton Dickinson). We cultured RAW264.7 and peritoneal
macrophages in the upper wells, and we added the conditioned medium to the
lower wells. We used fresh DMEM supplemented with 5% FBS as a control. To
inhibit MCP-1 activity, we added a neutralizing antibody (5 pg ml~! antibody
to MCP-1, clone 2HS5, Biolegend) to the conditioned medium.

TNF-« production in macrophages cocultured with CD8* cells, We isolated
F4/80% CD11b* macrophages from epididymal adipose tissue from lean 7-week-
old C57Bl/B6] mice, and we isolated CD3*CD8*CD4™ T cells from epididymal
adipose tissue from 20-week-old lean or DIO mice, We then added the adipose
macrophages to the upper wells of a Multiwell Boyden chamber (Becton
Dickinson) (5 x 10* cells per well), and we added the same number of CD8"
T cells to the lower wells, after which we cultured the cells in DMEM supple-
mented with 3% FBS for 7 d. We assessed intracellular production of TNF-a
by flow cytometry using an intracellular cytokine production detection kit
(Cytofix/Cytoperm Fixation/Permeabilization Solution Kit, BD Pharmingen).

Human subjects, We acquired subcutaneous adipose tissue from healthy female
donors undergoing liposuction of the abdomen or thighs (after obtaining their
consent). We examined expression of CD8a in the tissue. We processed samples
comprised of 1 g of each specimen by digestion with collagenase and then
centrifuged to isolate the stromal vascular fractions, We purified total RNA
using Trizol (Invitrogen) and determined relative mRNA levels using real-time
PCR. This study was approved by the Ethics Committee of The University of
Tokyo Hospital.

Statistical analyses. We expressed the results as means * sem, We
determined the statistical significance of differences between two groups using
Student’s # tests, and we evaluated differences among three groups by analysis of
variance followed by post-hoc Bonferroni tests. Values of P < 0.05 were
considered significant.
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ABSTRACT

Background/Aims: We investigated a relationship
between the risk factors for metabolic syndrome,
such as obesity, diabetes mellitus, hypertension,
and hyperlipidemia, and the pathogenesis and out-
come of hepatocellular carcinoma (HCC).
Methodology: One hundred twenty four patients
who underwent curative resections for HCC were
classified into 3 groups: those patients who were
positive for hepatitis B surface antigen (group B),
those positive for antibody to hepatitis C virus
(group C), and those negative for both of them (non-
B non-C) (group NBNC). The preoperative laborato-
ry data, risk factors for metabolic syndrome, history
of alcohol abuse, and outcome after surgery were

investigated. The presence of non-alecholi
hepatitis (NASH) was aleo evaluated, holl steate-
l-ze.sultgz The incidence of diabetes mellitus hyper-
hgxdenna, and alcohol abuse, and the serum’level of
triglyceride were significantly higher in group
NBNC t‘han n groups B or C. The risk factors for
metab_ohc syndrome tended to lower the survival
m mf tg}!"m;}; B an};l C, but not in group NBNC.
of the 37 non-B non- i i
T o on-C patients were associat-
Conclusions: It is suggested that i
of non-B non-C HCC may be momtgi:eal;hmt '
ed with the risk factors for metabolic syndrome than
that of hepatitis virus related HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the
most common cancers, and its incidence has
increased worldwide (1). Epidemiological studies and
recent molecular biological investigations have
revealed that hepatitis B virus (HBV) and hepatitis C
virus (HCV) infection are major causes of HCC, and
hence numerous basic and clinical studies have been
conducted from the view point of hepatitis virus
infection (1-6). On the other hand, little attention has
been paid to HCC in patients without both hepatitis
B surface antigen (HBsAg) and antibody against
HCV (HCVAD), possibly because of the small popula-
txan of these HCC patients (7-12). However, the num-
ber of HCC patients without apparent hepatitis virus
infection has been increasing, and the so-called non-
B non-C HCC has been the subject of investigation in
recent years (10,11).

Recently, other factors such as obesity and type 2
disbetes mellitus, which were regarded as risk factors
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of metabolic syndrome (MS) (13), have been implicat-
ed in steak')sis and fibrosis of the liver, am;l lfImC%h?;:
18). In addition, although the natural histories of non-
alcoholic fatts.r-liver disease (NAFLD) or nonaleoholic
steatohepatitis (NASH) have remained controversial,
they have been considered to be one of the possible
causes of cryptogenic cirrhosis of the liver and HCC
(19-25). However, the relationship between HCC and
NASI.-I, as.well as the incidence of HCC developing in
the liver in response to NASH, has not been well
understood. Moreover, the relationship between risk
factors for MS, such as hyperlipidemia and hyperten-
sion, and HCC still remain unclear.

. Ba.sed on this point of view, the present study
Tnveshgated the participation of risk factors for MS
in the pathogenesis and progression of HCC, and the
outcome after surgical treatment. Evidence will be
presented indicating that non-B non-C HCC is more
closely related to those diseases with risk factors for
MS than HCC associated hepatitis virus infection.
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METHODOLOGY

A total of 124 patients who underwent curative
resections for HCC from April 2000 to March 2005
were enrolled in this study, and their medical records
were reviewed retrospectively.

Twenty-six of the 124 patients had already under-
gone prior treatments including surgery, tran-
scatheter arterial (chemo) embolization, and/or abla-
tion therapy for HCC before being referred to our

TABLE 1The Backgruuf]q; q{jhe 124 Palients

NBNC p

B C
N 19 68 37
Age 55.9+11.3 67.826.6 67.7:8.4 <0.0001*
Gender e/Female) 156/4 49/19 30/17
Child-Pugh N.S.
A 18 58 a5
B 1 10 1
C 0 0 1
Stage’ NS.
1 1 13 2
1 5 16 12
IIT i 27 17
IVA 8 12 6
Liver histology 0.03*
Normal liver 2 0 7
Chronic hepatitis 8 31 17
Liver cirrhosis 9 31 13
Surgical procedure’ N.S.
Hr0 4 31 12
HrS 8 14 8
Hrl 2 12 9
Hr2 ] 10 8
Hr3 0 1 0
History of previous treatment 3 18 6

*Stage and surgical procedure were defined according to the general rules
for the clinical and pathological study of primary liver cancer, 4th edition.

* Hr 0; partial resection; Hr S: subsegmentectomy; Hrl: segmentectomy;
Hr?2: liver resection of 2 segments; Hr3: liver resection of 3 segments.
N.S.: Not significant; *: B vs. NBNC and C; % NBNC vs. C

TABLE 2 Preopé'ralivev!.ahmalory Data -

B C NBNC P
AST ( TUNL) 58.4+58.0 67.9137.6 36.7+18.6 <0.001°
ALT ( TU/L) 4784263  65.5446.4 34.1319.5 <0.001°
PLT (x104/mm?) 15.5¢5.5 13.747.7 19.6t12.2 <0.01°

Total Cholestero! (mg/dl)174.0+46.3 152.1+35.9 180.1+39.1 <0.01°

Triglyceride (mg/dL)

760+33.3 954+43.9 138.3+81.6 <0.001*

4 NBNC vs. Band C;*: NBNC vs. C; < NBNCand Bus. C

TABLE 3 Associated Conditians

B C

NBNC p
N 19 68 37
Body Mass Index (kg/m?) 22,0£3.1 22.843.2 24.144.1 N.S.
BMI 2 26 +/- 4/16 12/56 11726 N.S
Diabetes mellitus +/- 1/18  15/53 17/20 <0.01°
Hypertension +1/- 3/16 32/36 19/18 0.08
Hyperlipidemia +/- 3/18 11/57 14/23 0.0%
Alcohol abuse +1- 6/13 13/85 16/21 0.0%

BMI: Body mass index; N.S.: Not significant; a: NBNC vs. B and C;
b5 B vs. NBNC and C; s NBNC vs. C
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department.

The patients were divided into 3 groups: groups
B, C, and NBNC. Those patients who were positive
for HBaAg but negative for HCVAb were classified
into the group B, and those who were nejative for
HBsAg but positive for HCVAb were classified ag
group C. The NBNC group was composed of the non.
B non-C patients. In the non-B non-C patients, the
antibody against hepatitis B surface antigen
(HBsAb) and the antibody against hepatitis B core
antigen (HBcAb) were also measured.

We examined the platelet count (PLT) and serum
levels of asparate aminotransferase (AST), alanine
aminotransferase (ALT), total cholesterol (TC), and
triglyceride (TG) preoperatively. In addition, we
investigated the body mass index (BMI), any history
of alcohol abuse and risk factors for MS, which con.
sisted of diabetes mellitus, hypertension, and hyper.
lipidemia (fasting plasma level of TC>220mg/dL
and/or TG2150mg/dL), in each patient. All of the
patients with diabetes mellitus and/or hypertension
had already been diagnosed and treated before con-
sulting us. Being overweight was defined as a BMI of
265kg/m?® or more. A daily ethanol intake of 86g or
more for 10 years was regarded as alcohol abuse.

The liver histology as well as the presence of
NAFLD and NASH was evaluated in the resected
specimens microscopically, especially in those
patients without a history of alcohol consumption
(daily alcohol intake within 20g) in the NBNC group.
If there was moderate to severe macrovesicular
steatosis, hepatocellular ballooning, lobular inflam-
mation with necrosis of the hepatocytes and perisinu-
soidal fibrosis, we considered that NASH was present.
The stage of the HCC was defined according to the

-Japanese general rules of primary liver cancer (26).

After surgical treatment, all of the patients were
followed as out patients, and none of the patients
underwent adjuvant therapies. Tumor markers such
as alpha-fetoprotein and protein induced by vitamin
K antagonist-Il were measured every month, and
ultrasonography, enhanced computed tomography,
and/or magnetic resonance imaging were performed
every 3 months. If an intrahepatic recurrence was
suspected, computed tomography with angiography
was performed to confirm.

We calculated the eumulative overall and disease
free survival rates in each group, particularly for
those patients with and without risk factors for MS.

The data are expressed as means + standard devi-
ation, Statistical analyses were performed by a oné
way analysis of variance for parametric data, and by
a Kruskal-Wallis test for categorical data among the
three groups. If there was a significant difference on
the Kruskal-Wallis test, a further analysis was per
formed by the Mann-Whitney test with Bonferroni?
correction, Both the cumulative overall survival and
disease free survival rates were calculated using the
Kaplan-Meier method, and comparisons were mad
by using the log-rank test. A p-value of less than 0.06
was considered statistically significant.
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ESULTS ‘
Of the 124 patients, there were 94 men and 30
women, and the mean age was 65.9£9.0 years (range
30-82 years). The median postoperative follow-up
period was 18.5 months (range 1-58 months).

The number of patients in groups B, C, and
NBNC were 19 (15.3%), 68 (54.8%), and 37 (29.8%),
respect.ively. In the NBNC patients, 17 (45.9%) of
patients were positive for HBcAb and 16 patients
were negative for HBcAb. Four patients were not
examined for their HBsAb and/or HBeAb status. The
background of these patients is summarized in
Table 1. The mean age was significantly younger in
group B than in groups C or NBNC (p<0.0001). The
preoperative Child-Pugh scores were not significant-
Jy different among the 3 groups, but there was signif-
icant difference in liver histology (p=0.03); the inci-
dence of chronic hepatitis and liver cirrhosis was sig-
nificantly higher in group C than in groups B or
NBNC. Both the stage of the HCC and the surgical
procedure performed were decided based on the
Japanese rules for HCC (26), and were not signifi-
cantly different among the 3 groups.

Table 2 shows the preoperative laboratory data.
Serum level of ALT was lower and the PLT was sig-
nificantly higher in the NBNC group than in group C.
The serum TG level was significantly higher in the
NBNC group than in groups B or C.

The BMI and number of overweight patients were
not significantly different among the three groups, as
shown in Table 3. The frequency of diabetes mellitus
was significantly higher in the NBNC group than in
either group B or C. The incidences of both hyperlipi-
demia and alcohol abuse were significantly higher in
the NBNC group as compared with group C.

Moreover, we made the same comparisons using
those patients without alcohol abuse to exclude the
influence of alcohol intake (Table 4). Consequently,
we found that the laboratory data were not affected
by alcohol abuse, whereas ratios of having associated
conditions, such as diabetes mellitus, hyperlipi-
f!emia. and hypertension, became statistically
insignificant among the 3 groups.

The cumulative overall survival rates at 1 and 3
¥ears in groups B, C, and NBNC were 88.1%/66.1%,
71.8% 1 58.9%, and 85.5% / 69.8%, respectively (Fig-
ure 1), There were no significant differences among
the three groups (p=0.46). The disease free survival
rates at 1 and 3 years in groups B, C, and NBNC
Were 48.5% / 29.1%, 56.5% / 22.5%, and 73.8% /
21.6%, respectively (Figure 2). Although the NBNC
group tended to be higher, the differences in the dis-
tase free survival rates among these three groups
Werg not significant (p=0.12). In addition, to estimate
the influence of risk factors for MS on survival after
Surgery, we compared the cumulative overall (Fig-
Ure ) and disease free (Figure 4) survival rates

tween those patients with vs. those without risk

ttors for MS in each group. In groups B and C,
there was a trend that the survival rate was better in

08¢ patients without risk factors for MS. On the

TABLE Laboratary Data, Liver Histelogy, and Associated Conditions in Patients
without Alcohol Abuse

B C NBNC p
N 13 55 21
AST QU/L) 69.0467.3 _ 68.6:38.0 _ 38,3t19.4  0.01*
ALT qU/L) 52.6427.1 63.9+45.3  39.0:21.6 < 0.05°
PLT (x10/mm%) 16.3+6.5 13.147.9  21.6+14.0 <0.01%
Total Cholesterol (mg/dL) 173.1+54.2  151.7430.0 184.6+38.5 < 0.01°
Triglyceride (mg/dL) 76.4134.6 95.3439.4  124.1469.7 <0.05*
Liver histology 0.001%
‘Normal liver 1 0 5]
Chronic hepatitis 6 20 11
Liver citrrhosis 7 35 ] '
Diabetes mellitus _ +/. 0/13 11/44 7/14 N.S.
Hypertension +/- 3/10 27128 9/12 N.S.
Hyperlipidemia +1/- 4/9 8/47 6/15 N.S.
N.S.: Not significant; : NBNC vs. B and C; * NBNC va. C
other hand, the survival rate was slightly better with
risk factors for MS in the NBNC group. However,
there were no significant differences between the
groups. In groups B and C, the disease free survival
rate was almost same with vs, without the risk fac-
tors for MS, and they were not significantly different
in each group. In the NBNC group, the disease free
survival seemed to be better in those patients with
the risk factors for MS, but again there was no sta-
tistically significant difference (p=0.24).
Moreover, in the NBNC group, the overall
(p=0.50) and disease free (p=0.15) survival rates were
not significantly different between the two subgroups
FIGURE 1
1 Cumulative overal
eeen e ek ey survival curves for
8 HCC after surgery.
The bald lins, dotted
6 fine, and thin line
denots groups
4 NBNC, B, and C,
respectively. There
2 were no significant
differences in the
0 1 overall survival rates
0 10 0 30 40 50 60 Months amang the 3 groups.
FIGURE 2
1 ] Disease-free survival
; cuwves for HCC after
8 surgery. The bold
ling, dotted tine, and
6 thin ne denote
groups NBNC, B,
4 and C, respectively.
e — There were no
2 significant
: differences In the
° ¥ L L) L) L) L L4 dBease.m W
0 10 28 30 40 50 60 Months ;?:jp:m ngthe 3

-495 -



