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Abstract. The INSIG2 (INSIG2 is primarily involved
in the regulation of fatty acid and cholesterol synthe-
sis) gene is suggested to be obesity related. An INSIG2
promoter variant, G-102A, has been detected and
was demonstrated to be of potential functional sig-
nificance. In two cohorts of middle-aged men, the as-
sociation between this variant and BMI was suggest-
ed. We sought to replicate the association between
the INSIG2 G-102A variant and BMI in three large
Slavonic Caucasian populations. Further, we ana-
lysed the possible effect of this variant on BMI
changes in a short-time intervention study. One thou-
sand ninety-nine males and 1368 females (popula-
tion-based Czech MONICA three-year cohort), 908
females from the 3PMFs study, together with 94
overweight (BMI > 27 kg/m?) females who under-
went nine weeks of dietary/exercise intervention
were genotyped for the INSIG2 G-102A variant us-
ing PCR-RFLP analysis. We could not detect any as-
sociation between the INSIG2 G-102A variant and
BMI or WHR with or without adjusting for age and
gender in any population. Neither the BMI change
nor anthropometric and lipid parameter changes
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were affected by the INSIG2 G-102A gene variant in
intervened overweight females. However, MONICA
females (but not males) carrying the common GG
genotype had higher plasma levels of HDL choles-
terol (GG homozygotes 1.51 = 0.36 mmol/l vs. A allele
carriers 1.45 £+ 0.33; P < 0.05) in both surveys. Our
results indicated that the G-102A INSIG2 polymor-
phism has no consistent effect on BMI in general
populations, but could influence HDL cholesterol in
females.

Introduction

The incidence of obesity is in excess of 15 % in al-
most all populations, but reaching about 30 % in the
middle and east European countries as well as in
Americans (MacDonald, 2007). Both external (primari-
ly excess energy intake and lack of exercise but for ex-
ample also sleeping habits, non-exercise activity ther-
mogenesis and more stable inside room temperatures)
(Hubacek, 2009) and genetic factors contribute to over-
weight development and it is estimated that the herita-
bility of obesity is at least 30 % (Mutch and Clement,
2006).

Originally, a variant (rs7566605) within the insulin-
induced gene 2 (INSIG2) was associated with increased
risk of obesity in some but not all studies (Herbert et al.,
2006; Lyon et al., 2007; Smith et al., 2007; Hubacek et
al., 2010). Finally, a large meta-analysis has not detected
an overall association of this polymorphism with obesi-
ty but suggests that heterogeneous effects from different
study designs may mask an underlying association with
extreme degrees of obesity (Heid et al., 2009). Functional
polymorphism (G-102A) in the promoter of INSIG2
gene was defined later and the possible relationship to
the BMI was suggested after analysis of two cohorts of
highly preselected men (50-year old men and mix of
myocardial infarction survivors and age-matched con-
trols) (Krapivner et al., 2008).
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The INSIG2 (OMIM acc N. 608660) gene encodes a
protein which binds to the SCAP/SREBP protein com-
plex and causes its retention in the endoplasmic reticu-
lum. INSIG?2 has the potential to block synthesis of fatty
acids (and cholesterol) (Yabe et al., 2002), and thus is a
promising candidate gene for BMI determination. Also
the chromosome region where /NSIG?2 is located was
identified as obesity-associated by linkage study in hu-
mans (Liu et al., 2004). Finally, functional analysis re-
vealed a marked increase in the expression of INSIG2
during the adipocyte differentiation (Krapivner et al.,
2008).

We have analysed the putative association between
the INSIG2 G-102A variant and BMI and WHR in three
Slavonic Caucasian populations. Further, the same pa-
rameters were correlated with this variant in females
under intervention leading to body weight loss.

Material and Methods

Groups of 1191 males and 1368 females (aged 25-65
years) were selected according to the WHO protocol
(Multinational monitoring of trends and determinants in
cardiovascular diseases: “MONICA Project”. Manual
of operations WHO/MNC 82.2, Nov. 1983). The indi-
viduals were recruited in 1997-1998 and re-invited in
2000-2001. Anthropometrical measurements (height,
waist and hip) and lipid parameters (total and HDL cho-
lesterol, triglycerides) were available in both surveys.

Further, 5 % representative random sample of the
population consisting of 29,440 women aged 45-54
years living in the Prague-4 district (Prague Pre- and
Post- Menopausal Females - 3PMFs study) was selected
from the registers of health insurance companies. Out of
1,472 women, 908 agreed to be examined.

Finally, we have analysed 98 unrelated overweight
Czech females. The selection criteria were BMI over
27 kg/m? (average BMI 32.3 + 4.4 kg/m?) and age over
25 years (average age 37.9 + 9.0 years) with no medica-
tion. During the nine weeks of intervention, all volun-
teers adopted diet changes consisting of a decrease of
energy to the optimal, age-matched, level (max. 8000
kJ/day, achieved mean was 7200 kJ/day) and saturated
fat intakes (max. 30 % of daily energetic intake) and si-
multaneously increases of physical activity (4 times/
week one hour, 3 times with trainer in fitness centre and
once outdoor activity — walking or cycling). These inter-
ventions were weekly and individually controlled by
nutritionists and personal trainers (Dvorakova-Loren-
zova et al., 2006; Suchanek et al., 2008). Written in-
formed consent was obtained from all study participants
and the ethics committee approved the design of the
studies.

DNA was extracted using the salting out method
(Miller et al., 1988). Oligonucleotides INSIG-F 5’ ggt
cag caa aca aca gca ga and INSIG-R 5’ gta ccc cct acc
gcc tet t and restriction enzyme Eco471 were used for
INSIG2 G-102A SNP genotyping.

Deviations from Hardy-Weinberg equilibrium were
tested using the y? test (http://www.tufts.edu/~mcourt01/
Documents/Court%201ab%20-%20HW%20calculator.
xls). Differences in BMI and WHR between the sub-
groups according to the INSIG2 genotype were tested by
ANOVA. For the analysis, AA homozygotes were
pooled with GA heterozygotes.

Results and Discussion

Allelic frequencies at the G-102A SNP were not dif-
ferent between the analysed groups and were almost
identical as in the so far analysed populations. Genotype
frequencies in the pooled sample were in Hardy-Wein-
berg equilibrium and their frequencies were as follows
—84.2 % for GG, 15.1 % for GA and 0.7 % for AA car-
riers. There was no significant association between
G-102A genotypes and BMI (GG homozygotes 28.0 £
3.9 kg/m? vs. A allele carriers 27.7 + 3.6 kg/m? for males;
27.2 £5.5 kg/m? vs. 27.7 + 5.2 kg/m? for MONICA fe-
males and 26.0 £ 4.9 kg/m? vs. 26.1 £ 4.9 kg/m? for
3PMFs females) or WHR (GG homozygotes 0.93 £ 0.06
vs. A allele carriers 0.93 £+ 0.07 for males; 0.82 = 0.07
vs. 0.81 = 0.07 for MONICA females and 0.84 £ 0.07
vs. 0.85+0.07 in 3PMFs females) regardless of whether
the analysis was performed with unadjusted or adjusted
variables (adjustment for age). All results were insignifi-
cant in all five analyses performed (for the MONICA
study, only the results from 2000/2001 are presented,
both surveys were analysed), despite the fact that rare
homozygotes showed slightly lower (non-significant)
BMI values, similarly to the original finding.

In both MONICA surveys, significant association be-
tween the GG genotype and elevated HDL cholesterol
was detected in females (GG homozygotes 1.51 = 0.36
mmol/l vs. A allele carriers 1.45 + 0.33; P < 0.05), but
not in males (GG homozygotes 1.27 + 0.33 mmol/l vs.
A allele carriers 1.25 + 0.31; P =0.41). The same asso-
ciation, however, was not found in females from the
3PMFs study. The obtained difference could be ex-
plained by the fact that in contrast to the MONICA
study, 3PMFs females are mostly post-menopausal.

In the interventional part of our study, there were 77
GG homozygotes, 15 GA heterozygotes and two AA ho-
mozygotes. This genotype distribution corresponds to
the general population (P = 0.69). Their average weight
loss was not significantly associated with INSIG2 ge-
notypes (A -6.00 = 2.65 kg for GG homozygotes and
A -5.96 = 1.73 kg for A allele carriers).

In our study, we did not confirm the association be-
tween the INSIG2 variant and BMI found in north-
European males (Krapivner et al., 2008). Discrepancies
between the investigated studies could not be explained
by use of different ethnics. More likely, the different
definitions of so far analysed populations could cause
the different results. The primary finding in our study is
a weak but significant and reproducible association be-
tween the INSIG2 G-102A variant and plasma levels of
HDL cholesterol in younger females but not in older fe-
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males and males. This result needs to be confirmed in
further studies.

Our results suggest that similarly to the primarily de-
scribed rs7566605 variant, also the G-102A INSIG2
SNP is likely to have a heterogenous effect on BMI even
within the same ethnic groups, but could have a sex-spe-
cific effect on plasma HDL-cholesterol levels.
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