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A Pilot Study Suggests that the G/G Genotype of Resistin
Single Nucleotide Polymorphism at -420 May Be

an Independent Predictor of a Reduction in Fasting
Plasma Glucose and Insulin Resistance by Pioglitazone

in Type 2 Diabetes
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Abstract. The aim of this study was to determine the relation between the G/G genotype of a resistin gene promoter single
nucleotide polymorphism (SNP) at -420 (rs1862513) and glycemic control by pioglitazone in type 2 diabetes. In Study 1,
121 type 2 diabetic patients were treated with pioglitazone (15 or 30 mg/day) for 12 weeks, in addition to previous
medication. In Study 2, 63 patients who had been treated with pioglitazone for 12 weeks were examined retrospectively.
In Study 1, multiple regression analysis revealed that the G/G but not C/G genotype was correlated with a reduction in
fasting plasma glucose (FPG) and homeostasis model assessment of insulin resistance (HOMA-IR) compared to C/C.
When adjusted for age, gender, and BMI, the G/G genotype was an independent factor for the reduction of FPG (P=0.020)
and HOMA-IR (P =0.012). When studies 1 and 2 were combined by adjusting the studies, age, gender, and BMI, the
reduction of HbAlc was correlated with the G/G genotype (f=-0.511, P=0.044). Therefore, this pilot study suggests that
the G/G genotype of resistin SNP —420 may be an independent predictor of the reduction of fasting plasma glucose and
HOMA-IR by pioglitazone.
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PIOGLITAZONE, a member of thiazolidinediones
(TZDs), is a peroxisome proliferator—activated
receptor-y (PPAR-y) agonist developed as an antidi-

abetic drug to enhance the action of insulin [1]. TZDs
can improve hyperglycemia in patients with type 2 di-
abetes [2, 3]. In addition, a number of studies suggest
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that TZDs confer clinical benefits beyond a glucose-
lowering effect, such as improvement of dyslipidemia
and atherosclerosis [4, 5]. Recently it was reported
that pioglitazone was effective in secondary preven-
tion of macrovascular events in diabetic patients with
high cardiovascular risk [6], whereas rosiglitazone in-
creased the cardiovascular risk in diabetic patients
[7]. Although the first TZD, troglitazone, had been
withdrawn because of hepatic failure, no case of he-
patic failure was reported in the large-scale prospec-
tive study of pioglitazone [8]. On the other hand, pio-
glitazone and rosiglitazone promote body weight gain
in vivo and adipogenesis in vitro. Fluid retention and
edema are common side effects of these drugs. It has
been recognized that some type 2 diabetic patients re-
spond to TZDs with the improved hyperglycemia (re-
sponders), whereas others do not (non-responders) [9].
Single nucleotide polymorphism (SNP) of genes con-
tributing to body weight gain or edema by TZDs has
been reported [10, 11]. However, genetic factors af-
fecting improvement of hyperglycemia remain to be
determined.

Resistin was identified as a gene whose expression
is induced by adipocyte differentiation and inhibited
by PPAR-y agonists in 3T3-L1 cells [12]. Resistin is
secreted from adipocytes in mice, and its serum lev-
els are increased in obese diabetic mice. PPAR-y ago-
nists reduce serum resistin levels in mice as well as in
humans. Mice overexpressing the resistin gene (retn)
in the liver have greater serum resistin and insulin re-
sistance, whereas resistin (-/-) mice have reduced fast-
ing blood glucose [13, 14]. Therefore, it can be con-
cluded that elevated serum resistin levels cause insulin
resistance in rodents. Human resistin gene (RETN) is
rarely expressed in adipose tissues, but it is expressed
at high levels in monocytes or macrophages [15, 16].
This is in contrast to its dominant expression of retn in
adipose tissues in mice [12]. Macrophages infiltrating
adipose tissue could account for the observed insulin
resistance in obese mice, suggesting a possible role of
resistin in insulin resistance in humans [17]. The role
of RETN in human T2DM or obesity has been contro-
versial in studies of the association of SNPs or serum
resistin levels [18-23].

Our group recently reported that the G/G genotype
of RETN promoter single nucleotide polymorphism
(SNP) at -420 (rs1862513) is associated with T2DM
susceptibility [24]. Spl and Sp3 transcription factors
specifically bind to the DNA element including -420G,
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resulting in an enhanced promoter activity. RETN
mRNA in monocytes is positively associated with its
simultaneous serum levels and is highest in subjects
with the G/G genotype [22]. Serum resistin levels are
higher in T2DM subjects than in controls, and high-
est in subjects with the G/G genotype, followed by the
C/G and C/C genotypes. Therefore, the specific rec-
ognition of -420G by Sp1/3 appears to increase RETN
promoter activity, which could induce insulin resis-
tance and human T2DM through enhanced monocyte
mRNA and serum levels of resistin. Thus, the rela-
tion between SNP-420 and factors related to improve-
ment of glycemic control merits further investigation
in T2DM.

The aim of this study was to determine the role of
RETN SNP —420 in the improvement of hyperglyce-
mia and insulin resistance by pioglitazone treatment in
type 2 diabetic patients.

Subjects and Methods
Subjects

Patients with type 2 diabetes were recruited from the
outpatient clinics at Ehime University Hospital, Ehime
Prefectural Hospital, Matsuyama-Shimin Hospital,
Matsuyama Red Cross Hospital, Fujiyama Clinic, Saijo
Central Hospital, and Ehime Rosai Hospital. We per-
formed both a prospective study (Study 1) and a retro-
spective study (Study 2) simultaneously from February
to December in 2005. All patients were informed of
the purpose of the study, and their written consent was
obtained. The study was approved by the ethics com-
mittee of the respective hospitals. All patients were in-
structed to maintain the same levels of energy intake
and physical activity throughout the study. Medical
check-ups were done every 4 weeks. Fasting serum
and plasma samples were collected only in Study 1.
Fasting plasma glucose (FPG) was measured at 0, 4,
8, and 12 weeks, along with other indices: HbAlc,
fasting serum levels of resistin, adiponectin, and insu-
lin, the homeostasis model assessment of insulin resis-
tance (HOMA-IR), and high-sensitivity C-reactive pro-
tein (hsCRP). It should be noted that we included all
the subjects for ANOVA in the present study although
HOMA-IR is not necessarily accurate when FPG is
more than140 mg/dL.
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Study 1: Prospective study

A total of 121 patients (67 males and 54 females)
were given 15 mg pioglitazone daily for the first 4
weeks and 30 mg for the next 8 weeks, or given 30 mg
through 12 weeks, without changes in their previous
medication. The number of patients prescribed oral
hypoglycemic agents were as follows: sulfonylurea,
110; metformin, 45; a-glucosidase inhibitor, 19; and,
glinide, 9. Type 2 diabetic patients with HbAlc values
from 6.5 to 12.0 % were enrolled in this study. There
were four inclusion criteria: 1) age between 35 and 85
years; 2) BMI between 16 and 35 kg/m’, 3) stable gly-
cemic control and no medication changes in the previ-
ous three months; and, 4) no history of PPAR-y agonist
treatment. Since the above criteria included broader
range of type 2 diabetic patients, age, gender, and BMI
were adjusted where indicated. The study excluded pa-
tients with type 1 diabetes; those receiving insulin ther-
apy; those with cardiac, hepatic, renal or other chronic
diseases; and pregnant or lactating women.

Study 2: Retrospective study

A total of 63 patients (25 males and 38 females,
none of whom were in Study 1) were enrolled in Study
2 with the same criteria as described in Study 1. The
patients who had been treated with 15 or 30 mg of pio-
glitazone for 12 weeks were analyzed retrospectively.
The number of patients prescribed oral hypoglycemic
agents were as follows: sulfonylurea, 56; metformin,
30; a-glucosidase inhibitor, 20; and, glinide, 3.

The mean age, the duration of diabetes, and the
body weight were similar in Studies 1 and 2, but the
frequency of female patients, BMI, and HbAlc lev-
els were significantly greater in Study 2 than in Study
1 (P=0.031, P=0.046 and P<0.001, respectively).
There were no differences in the frequency of the re-
sistin SNP-420 genotype between Studies 1 and 2.
The genotype distribution of SNP-420 was in Hardy-
Weinberg equilibrium in both Studies 1 and 2.

SNP typing

PCR direct sequencing was performed as previous-
ly described [21; 24]. To type SNP-420, sequences
of minus strands were checked using the prl1R primer.
The other strand was sequenced, when required.

1051

Measurement of serum resistin, adiponectin and
hsCRP levels

Serum resistin levels were measured using a human
resistin ELISA kit (R & D Systems, Inc.) following the
manufacturer’s protocol. According to manufacturer
data, the limit of detection is 0.16 ng/mL, and the in-
tra-assay coefficient of variation (CV) is <5% for low
levels, and <4% for high levels. Inter-assay CV was
<9% for low and high levels. The recovery was more
than 90%. We confirmed that the linearity was main-
tained below 0.16 ng/mL, and both intra-assay CV and
inter-assay CV were comparable to manufacturer spec-
ifications of 2.6-10.5%. The antibodies in this ELISA
have no detectable cross-reactivity to mouse resistin
and other cytokines in human serum. The kit used had
good correlation with the kit used in the previous study
(r=0.987, y=1.040x+0.469, y, this kit, x, LINCO’s kit)
[22, 24, 25]. Serum total adiponectin was measured
using a commercially available sandwich ELISA kit
(Otsuka Pharmaceuticals, Tokyo, Japan), as previously
described [26]. The inter- and intra-assay coefficient
variations (CV) of the adiponectin assay were both ac-
ceptable as described [27]. Plasma hsCRP concentra-
tion was measured using a previously validated assay
system (Dade Behring Inc.) [28]. The inter- and intra-
assay coefficient variations of the hsCRP assay were
3.2 and 6.7%, respectively.

Statistical analysis

To examine the effects of SNP-420 on AFPG (12
minus 0 weeks), and AHOMA-IR (12 minus 0 weeks)
in Study 1, a multiple regression analysis involv-
ing either AFPG or AHOMA-IR as a dependent vari-
able, was employed. Model 1: SNP-420 genotype, C/
C, C/G, and G/G were denoted by two dummy vari-
ables (c1, ¢2) = (0, 0), (1, 0), and (0, 1), respective-
ly, and were involved as independent variables. This
first dummy variable estimates the difference between
C/G and C/C, and the second between G/G and C/C.
Model 2: In addition to model 1, age, gender (male=1,
female=2), BMI, and total dose of pioglitazone during
the 12 weeks (mg) were involved as independent vari-
ables. To adjust effects of oral hypoglycemic agents,
treatment of sulfonylurea (with=1, without=0), met-
formin (with=1, without=0), a-glucosidase inhibitor
(with=1, without=0), and glinide (with=1, without=0)
were further involved as independent variables in ad-
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dition to model 2. When Studies 1 and 2 were com-
bined for analyzing AHbAlc (12 minus 0 weeks) as
a dependent variable, the heterogeneity of the studies
was adjusted as an independent variable (Study 1=1,
Study 2=2), in addition to age, gender, and BMI. This
model was further assessed by adjusting the total dose
of pioglitazone during the 12 weeks (mg). To exam-
ine the effect of SNP-420 on HOMA-IR at 0 weeks in
Study 1, a multiple regression analysis involving SNP-
420 (cl, c2) as independent variables, and HOMA-IR
as a dependent variable was used. Either paired ¢ test,
ANOVA, Kruskal-Wallis test, or Chi-squared test was
used where indicated. All analyses were performed
with a commercially available statistical package (SPSS
Ver 14.0, SPSS Inc., Chicago, IL).

Results

The clinical characteristics of the patients before
and after pioglitazone treatment are shown in Table 1.
In Study 1, the FPG and HbAlc levels were decreased
significantly from 169.2 mg/dL (9.4 mmol/L) to 132.9
mg/dL (7.4 mmol/L), and from 8.1 % to 7.2 % after
12 weeks of treatment. Mean body weight and body
mass index (BMI) were significantly higher after pio-
glitazone treatment. The fasting serum resistin levels
were decreased significantly after pioglitazone treat-
ment (12.3 + 6.4 vs. 10.7 £ 5.8 ng/mL, paired ¢ test,
P<0.001). Adiponectin levels were increased 2.5 fold
after pioglitazone treatment (P<0.001). Insulin resis-
tance was improved as shown by HOMA-IR and in-
sulin levels. HsCRP was decreased significantly af-
ter pioglitazone treatment. In Study 2, HbAlc levels
were significantly decreased after 12 weeks of treat-
ment whereas mean body weight and BMI were sig-
nificantly higher after pioglitazone treatment.

To assess the relation between the reduction (12 mi-
nus 0 weeks; A) of either FPG or HOMA-IR and that
of either resistin, adiponectin, or hsCRP, multiple re-
gression analysis adjusted for age, gender, and BMI
was employed since pioglitazone is known to be more
effective in females and obese subjects [8]. In these
factors, Aresistin but not Aadiponectin, or AhsCRP
was positively correlated with AFPG (P=0.0291,
0.2678, and 0.1050, respectively). These findings sug-
gest that resistin SNP-420 genotype, which has been
reported to be tightly correlated with circulating resis-
tin [22, 24, 25], may be associated with the improve-
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Table 1. Characteristics of patients with type 2 diabetes before
and 12 weeks after pioglitazone treatment.

Study 1 Before After P

BW (kg) 60.5+10.2 61.7+103  <0.001
BMI (kg/m’) 242 +3.1 24.6+3.1 <0.001
FPG (mg/dL) 169.2+34.1 1329+27.6 <0.001
HbAlc (%) 8.1+0.8 72+0.7 <0.001
IRI (WU/mL) 72+44 6.0+3.6 <0.001
HOMA-IR 32+24 20+14 <0.001
Resistin (ng/mL) 123+64 10.7+5.8 <0.001
Adiponectin (ug/mL) 6.2+3.2 153+84 <0.001
hsCRP (mg/dL) 0.12+0.15  0.08 +0.11 0.014
Study 2 Before After P

BW (kg) 62.1+123 63.3+124  <0.001
BMI (kg/m’) 2524323 257+3.5  <0.001
HbAlc (%) 89+13 75+1.3 <0.001

Data are means = SD. The value of 12 weeks was compared
with that of 0 week by paired ¢ test. Study 1, prospective study
(n=121); Study 2, retrospective study (n=63). FPG, fasting
plasma glucose; IRI, immunoreactive insulin, HOMA-IR,
homeostasis model assessment insulin resistance index; hsCRP,
high-sensitivity C-reactive protein.

ment in blood glucose control whereas no association
was found between AHOMA-IR and either Aresis-
tin, Aadiponectin, or AhsCRP (P=0.5761, 0.6706, and
0.6177, respectively).

We then compared clinical parameters among re-
sistin SNP-420 genotypes. In Study 1, there were no
significant differences in age, gender, the duration of
diabetes, BMI, FPG, HbA1lc, HOMA-IR, adiponec-
tin, insulin, or hsCRP among the SNP —420 genotypes
(Table 2). When assessed by multiple regression anal-
ysis involving SNP-420 as independent variables,
where C/C, C/G, and G/G were denoted by two dum-
my variables (c1, ¢2) = (0, 0), (1, 0), and (0, 1), re-
spectively, HOMA-IR was positively correlated with
the G/G genotype compared to the C/C genotype (un-
standardized regression coefficient (B=1.85, P=0.018).

Fasting serum resistin was highest in patients with
the G/G genotype, followed in order by those with the
C/G and C/C genotypes, both before and 12 weeks af-
ter pioglitazone treatment (P<0.0001, and P<0.00001,
respectively) (Table 2). When the difference in aver-
age value was compared, AFPG (12 minus 0 weeks),
AHOMA-IR (12 minus 0 weeks), and Aresistin (12
minus 0 weeks) appeared to be lowest in the G/G gen-
otype, but neither of them reached a statistically sig-
nificant difference assessed by Kruskal-Wallis test
which had a relatively weak power. Since pioglita-
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Study 1 SNP-420 genotype
C/C C/G G/G P

n (males / females) 55(31/24) 54 (29/25) 12 (7/5) 0.939*
Age (years) 63.9+94 65.0+8.5 61.1+9.8 0.399
Duration of Diabetes (years) 11.6 6.9 12.0+6.3 10.9+9.3 0.859
BMI (kg/m®) 244+33 24.0£3.0 235+29 0.664
FPG (mg/dL)

Before 166.3+31.9 170.2 £32.1 185.5+50.3 0.242

After 132.9+24.2 132.9+£30.2 131.4+304 0.985

AFPG -31.1+33.2 -37.3+32.8 -54.1+£34.6 0.116
HbAlc (%)

Before 8.0+0.7 8.0+0.7 85+1.3 0.151

After 7.1£0.6 7.3+0.7 7612 0.088

AHbAlc -0.9+0.8 -0.8+£0.7 -0.9+0.7 0.832
HOMA-IR

Before 29+1.8 32+2.1 4.7+4.6 0.493**

After 1.8+0.9 21+1.7 2.1+1.0 0.535%*

AHOMA-IR -1.0+1.5 -1 +201 -2.6+3.9 0.543%%*
Resistin (ng/mL)

Before 10.0£5.3 13.0+£59 19.5+74 <0.0001**

After 8.0+3.5 12.1£6.2 164+6.2 <0.00001**

A Resistin -2.1+3.8 -0.8+2.9 -3.1+3.5 0.274%**
Adiponectin (pug/mL)

Before 6.0+£29 6.6+3.7 51+1.5 0.303

After 14.8+7.7 16.3+9.2 132+7.38 0.433

A Adiponectin 8.8+5.7 9.7+£6.3 81+7.2 0.611
IRI (uU/mL)

Before 6.6+3.6 74+42 93+7.6 0.572%%*

After 57+32 62+4.1 62+27 0.663**

AIRI -0.95+3.5 -1.2+39 3.1+54 0.610%**
hsCRP (mg/dL)

Before 0.12+0.16 0.11£0.13 0.14+0.15 0.669**

After 0.08+£0.11 0.08+0.11 0.08 £0.15 0.777**

A hsCRP -0.04 +£0.18 -0.03+£0.16 -0.06 +0.09 0.468%*
Study 2 SNP-420 genotype

C/C C/G G/G P

n (males / females) 30 (11/19) 27 (12/15) 6(2/4) 0.790%*
Age (years) 66.0 + 8.8 63.7+10.8 652+ 11.8 0.695
Duration of Diabetes (years) 18.2+16.7 16.5+14.0 122+78 0.774%*
BMI (kg/m®) 254+3.1 25.0+3.5 24.6+2.2 0.814
HbA, (%)

Before 87+13 9.0+1.1 92+1.6 0.639

After 75+1.3 79+13 6.5+0.8 0.051

A HDbA ¢ -1.3+1.0 -12+1.3 2.7+23 0.033

Data are means = SD or n. P value reflects differences between three groups and was assessed by ANOVA unless otherwise
indicated. *, P value assessed by Chi-squared test. **, P value assessed by Kruskal-Wallis test. A, the value of each
parameter at 12 weeks minus that before pioglitazone treatment. Study 1, prospective study (n=121); Study 2, retrospective
study (n=63). FPG, fasting plasma glucose; IRI, immunoreactive insulin HOMA-IR, homeostasis model assessment insulin

resistance index; hsCRP, high-sensitivity C-reactive protein.

zone is known to be more effective in females and
obese subjects [8], possible differences in changes of
AFPG, AHOMA-IR, and Aresistin among SNP-420
genotypes, should merit further analyses adjusted for
gender and BMI.

To more precisely determine whether AFPG and

AHOMA-IR were correlated with SNP-420 geno-
types, these parameters were assessed by multiple re-
gression analysis involving SNP-420 (c1, c2) as in-
dependent variables (Table 3). The reduction of FPG
and HOMA-IR was correlated with the G/G genotype
compared to the C/C genotype (P=0.040 and 0.029,
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Table 3. SNP-420 G/G genotype was an independent factor in the reduction of FPG and HOMA-IR by pioglitazone in

Study 1.
AFPG (mg/dL) AHOMA-IR
Independent Unstandardized Standardized Unstandardized Standardized
variable; SNP-420 regression Standard regression P regression Standard regression P
(G/G) coefficient error coefficient coefficient error coefficient
Model 1
C/G -6.176 6.688 -0.092 0.358 -0.035 0.424 -0.008 0.934
G/G -22.987 11.064 -0.208 0.040 -1.550 0.701 -0.220 0.029
Model 2
Age -0.784 0.341 -0.213 0.023 -0.047 0.022 -0.199 0.036
Gender -14.735 6.330 -0.220 0.022 -0.124 0.409 -0.029 0.763
BMI -1.855 0.976 -0.173 0.060 -0.169 0.063 -0.247 0.009
C/G -4.803 6.376 -0.072 0.453 -0.016 0412 -0.004 0.969
G/G -24.739 10.561 -0.224 0.021 -1.772 0.683 -0.252 0.011
Pioglitazone (mg) 0.001 0.007 0.011 0.907 0.000 0.000 -0.077 0.420

Multiple regression analysis involving either AFPG (mg/dL) or AHOMA-IR as a dependent variable was performed as
described in Subjects and methods. Model 1: SNP-420 genotype, C/C, C/G, and G/G were denoted by two dummy
variables (c1, ¢2) = (0, 0), (1, 0), and (0, 1), respectively, and were involved as independent variables. Adjusted R” values
were 0.022 (AFPG), and 0.029 (AHOMA-IR). Model 2: In addition to SNP-420 genotype, age (years), age (years), gender
(male=1, female=2), BMI, and total dose of pioglitazone for 12 weeks (mg) were involved as independent variables.
Adjusted R*values were 0.121 (AFPG), and 0.092 (AHOMA-IR). When treatment of sulfonylurea (with=1, without=0),
metformin (with=1, without=0), a-glucosidase inhibitor (with=1, without=0), and glinide (with=1, without=0) were involved
as independent variables in addition to model 2, P values for G/G are 0.022 (AFPG) and 0.013 (AHOMA-IR).

respectively) (model 1 in Table 3), which remained
significant when adjusted by age, gender, and BMI
(P=0.020, and 0.012, respectively). The further ad-
justment by total dose of pioglitazone for 12 weeks
did not affect these findings (model 2, P=0.021 and
0.011). The further adjustment by oral hypoglycemic
agents had no effects (P=0.022, and 0.013). The ef-
fect of G/G genotype appeared to be relevant since the
standardized regression coefficients of G/G genotype
was comparable to that of BMI. Therefore, the G/
G genotype was an independent determinant for both
AFPG and AHOMA-IR.

In Study 2, there were no significant differenc-
es in age, gender, the duration of diabetes, and BMI.
HbAlc levels after 12 weeks of treatment appeared to
be lowest in the G/G genotype, which did not reach
a statistically significant difference among the SNP—
420 genotypes. The AHbAlc values (0-12 weeks) in
Study 2 appeared to be lowest in G/G genotype, which
was not found in Study 1, with the caution that the
number of the G/G group was relatively small.

Since the inconsistency of the correlation between
the SNP-420 genotype and AHbA1c may have result-
ed from the lack of the power, we combined the Study
1 and Study 2. The heterogeneity of these two studies

was adjusted as an independent variable (Study 1=1,
and Study 2=2). The reduction of HbAlc was great-
er in the G/G genotype when adjusted by age, gender,
and BMI ($=-0.511, P=0.044). When further adjusted
by the total dose of pioglitazone for 12 weeks, p and P
values were similar (f=-0.494 and P=0.052), although
this did not reach a statistical significance. The fur-
ther adjustment by OHA treatment had no effects (B=-
0.473, and P=0.063). Although marginal, this possi-
ble correlation between the G/G genotype of resistin
SNP —420 and AHbA 1c supports our observation that
the G/G genotype may be a promising predictor of the
reduction of FPG and HOMA-IR by pioglitazone.

Discussion

The present study suggests that the G/G genotype
of resistin SNP —420 may be an independent predic-
tor of the reduction of FPG and HOMA-IR by piogli-
tazone treatment in type 2 diabetes. In Study 1, multi-
ple regression analysis revealed that the G/G genotype
was correlated with the reduction of FPG by piogli-
tazone, independent of age, gender, BMI, OHA treat-
ment, and total dose of pioglitazone. The G/G geno-
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type was also an independent factor for the reduction
in HOMA-IR. When studies 1 and 2 were combined,
the reduction of HbAlc was also correlated with this
genotype, supporting the above proposal.

In Study 1, we have shown that the G/G genotype
was correlated with the reduction in FPG and HOMA-
IR by pioglitazone. Our group reported that plasma
resistin was highest in subjects with G/G, followed by
C/G and C/C genotype in controls, type 2 diabetic sub-
jects, and the Japanese general population [22, 24, 25].
We also reported that plasma resistin was positive-
ly associated with HOMA-IR in large numbers of the
general population [25], and that serum resistin levels
were associated with insulin resistance in type 2 dia-
betic patients by using minimal model analysis [29].
Most recently, in “humanized resistin mice”, where hu-
man resistin is specifically expressed in macrophages
and the endogenous resistin is disrupted, high fat diet
has induced insulin resistance with the inflammation
in adipose tissue [30]. The reduction of serum resistin
could result in that of insulin resistance in humans.

Although the reduction of serum resistin is expected
to be correlated with that of FPG and HOMA-IR, only
that between serum resistin and FPG was found using
multiple regression analysis in the present study. The
correlation between SNP-420 genotype and the reduc-
tion of FRG or HOMA-IR was found only in multiple
regression analysis. This was possibly due to the lack
of power from the relatively small number of samples,
especially divided into each genotype. The relation
between SNP-420 and the reduction of serum resistin,
FPG, and HOMA-IR by pioglitazone should be pur-
sued using a larger number of samples. The absolute
value of resistin after pioglitazone treatment remained
higher in the G/G genotype than the others, suggesting
that the enhanced resistin gene expression in subjects
with the G/G genotype may have remained higher.

PPAR-y is expressed in adipose tissues, mono-
cytes, and macrophages [1, 31]. Resistin was identi-
fied as a gene whose expression is inhibited by TZDs
in 3T3 L1 adipocytes. In humans, it has been reported
that TZDs suppress serum resistin levels in vivo and
resistin secretion from monocytes or macrophages in
vitro [32, 33]. It has been reported that TZDs suppress
angiotensin Il receptor, or thromboxane receptor gene
expression, through modulating Sp1 activity in vascu-
lar smooth muscle cells by a direct physical interac-
tion between PPAR-y and Spl [34]. One report sug-
gests that PPAR-y activation with TZD represses the
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expression of the mouse resistin gene by modulating
Spl activity via O-glycosylation in 3T3-L1 adipocytes
[35]. Spl binding sites of the mouse resistin gene pro-
moter were required for mediating this repression. In
the human resistin gene, we and others showed that
Sp1/3 bound the DNA element including G but not C
at -420 [24, 36]. Since the human resistin gene pro-
moter with G at -420 could recruit more Sp1 factors
than that with C, the former may have more prominent
reduction of serum resistin by TZDs. Effects of pio-
glitazone on resistin mRNA in isolated human mono-
cytes having each genotype of SNP-420, and the in-
volvement of Sp1/3 signaling in this process merit
further investigation.

Adiponectin is a secreted protein that is abundantly
expressed in adipocytes [37]. In a past study, admin-
istration of adiponectin was found to improve insulin
resistance caused by a reduction in serum adiponectin
in obese diabetic mice [38]. In another study, replace-
ment therapy with adiponectin restored insulin sen-
sitivity in adiponectin (-/-) mice [39]. Therefore, the
role of adiponectin as an adipocytokine that improves
insulin sensitivity has been established in mice. In
humans, many studies have demonstrated that TZDs
stimulate serum adiponectin levels and improve insulin
resistance, resulting in improvement in blood glucose
control [40]. In the present study, we found a 2.5 fold
increase of serum adiponectin levels after pioglitazone
treatment, which is consistent with previous reports. It
was reported that pioglitazone ameliorates insulin re-
sistance and diabetes by both adiponectin-dependent
and —independent pathways [41]. Improvement of in-
sulin resistance with low-dose pioglitazone was related
to the significant up-regulation of serum adiponectin
levels in ob/ob mice, whereas large-doses of pioglita-
zone contributed to the reduction of both resistin and
TNFa in adiponectin-deficient ob/ob mice. It is pos-
sible that adiponectin, as well as resistin or TNFo, may
contribute to the improvement of blood glucose control
by pioglitazone treatment.

This study had several limitations. First, the re-
duction in HbAlc was significantly greater in the G/
G genotype in Study 2, but not in Study 1. This may
be due to differences in the characteristics of patients
between the two groups. The female patients were
more frequent, and BMI and HbAlc before pioglita-
zone treatment were higher in Study 2 than in Study 1.
Whether female subjects with higher BMI, and higher
HbA 1c could be better responders to pioglitazone, es-
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pecially when having the G/G genotype, merits further
investigation. Second, in Study 1, whereas multiple
regression analysis showed that the reduction of FPG
and HOMA-IR was correlated with the G/G genotype,
the differences did not reach a statistical significance
when assessed by Kruskal-Wallis test. In addition, P
values in multiple regression analyses did not remain
significant when conservative Bonferroni’s correc-
tion was applied. Since the sample size of each geno-
type was relatively small, a larger number of subjects
should be analyzed for replication studies.

In conclusion, the present pilot study suggests
that the G/G genotype of resistin SNP —420 could be

MAKINO et al.

a promising predictor of the reduction of FPG and
HOMA-IR by pioglitazone treatment in type 2 diabe-
tes. Blinded randomized prospective studies using a
larger number sample size are needed to confirm this
hypothesis.
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