®
OPEN a ACCESS Universitit Augsburg
OPUS AUGSBURG w h Universititsbibliothek

Variants of the transcription factor 7-like 2 gene (TCF7L2)
are strongly associated with type 2 diabetes but not with
the metabolic syndrome in the MONICA/KORA surveys

C. Marzi, C. Huth, M. Kolz, H. Grallert, Christa Meisinger, Heinz-Erich
Wichmann, Wolfgang Rathmann, C. Herder, T. lllig

Angaben zur Veroéffentlichung / Publication details:

Marzi, C., C. Huth, M. Kolz, H. Grallert, Christa Meisinger, Heinz-Erich Wichmann, Wolfgang
Rathmann, C. Herder, and T. Illig. 2007. “Variants of the transcription factor 7-like 2 gene
(TCF7L2) are strongly associated with type 2 diabetes but not with the metabolic
syndrome in the MONICA/KORA surveys.” Hormone and Metabolic Research 39 (1): 46-52.
https://doi.org/10.1055/s-2007-957345.

Nutzungsbedingungen / Terms of use: licgercopyright
e,
Dieses Dokument wird unter folgenden Bedingungen zur Verfiigung gestellt: / This document is made available under these conditions: "

.\
Deutsches Urheberrecht %.‘ Xﬂ
Weitere Informationen finden Sie unter: / For more information see: | &
Ys

https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/


https://doi.org/10.1055/s-2007-957345
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/

46

Variants of the Transcription Factor 7-Like 2 Gene

(TCF7L2) are Strongly Associated with Type 2 Diabetes
but not with the Metabolic Syndrome in the MONICA|
KORA Surveys

Authors

Affiliations

Key words

C type 2 diabetes
C TCF7L2

C association study
© SNP

© replication

Correspondence

T. lllig

Institute of Epidemiology - GSF
National Research Center for
Environment and Health - In-
golstaedter Landstr. 1-85764
Neuherbeg- Germany

Tel.: +49/89/3187 42 49

Fax: +49/89/31 87 45 67
illig@gsf.de

"These two authors contributed
equally to the manuscript.

C. Marzi?, C. Huth'-2, M. Kolz' %, H. Grallert', C. Meisinger’, H.-E. Wichmann'-2, W. Rathmann?, C. Herder*',

T.lllig"”

Affiliation addresses are listed at the end of the article

Abstract

v

Recently, significant associations between com-
mon variants of the transcription factor 7-like
2 gene (TCF7L2) and type 2 diabetes have been
reported. This study was designed to replicate
the reported associations of the two highly cor-
related (r?=0.86) TCF7L2 single nucleotide poly-
morphisms rs12255372 and rs7903146 with
type 2 diabetes in a case-control study of 2369
MONICA/KORA participants (678 cases/1691
controls from Augsburg, Germany). To further
investigate the pathogenic mechanism underly-
ing these associations, we extended our analyses
to the metabolic syndrome (IDF, NCEP defini-
tions) and its components in a population-based
study comprising 1404 male and female KORA

participants aged 55-74 years. Results of our
analyses strongly confirmed the minor T alleles
as risk variants for type 2 diabetes (rs7903146:
ORpysc[95% CI]=1.36[1.18;1.58], p=0.00003, and
1s12255372: ORpysc [95% ClI]=1.31 [1.13;1.51],
p=0.0003). Moreover, the T allele at rs7903146
was inversely associated with log-transformed,
HOMA-%B (f=-0.07, p=0.005) as a measure
of basal insulin secretion, and log-transformed
fasting insulin (f=-0.06, p=0.02). No associa-
tion was found with insulin resistance (HOMA-
IR) and the metabolic syndrome. These findings
support replication evidence that TCF7L2 vari-
ants increase type 2 diabetes risk. TCF7L2 may
primarily affect pancreatic beta cell function.

Introduction

v

Type 2 diabetes mellitus (T2DM) results from a
complex interplay of environmental and genetic
factors [1]. The identification of genes that pre-
dispose to T2DM could provide definite clues to
understand its primary pathogenesis [2] and thus
lead to improved prevention, diagnosis and treat-
ment of the disease.

Recently, a strong association between T2DM and
the microsatellite marker DG10S478 within
intron 3 of the transcription factor 7-like 2 gene
(TCF7L2) on chromosome 10q25.2 has been found
in three independent case-control samples
(p=2.1x107°) [3]. Similarly strong associations
were reported for two of the gene’s noncoding
single nucleotide polymorphisms (SNPs),
rsl2255372 and rs7903146, which were highly
correlated with DG105S478 (r*=0.95 and r2=0.78,
respectively) [3]. Another study found these poly-
morphisms to predict the progression to diabetes
in high-risk, overweight persons and to be asso-
ciated with impaired p-cell function [4].

Validation of association results of specific
genetic variants underlying complex polygenic
diseases has proven essential as many initially
reported disease associations were not replicated
by later studies [5]. Furthermore, probably due to
bias and genuine population diversity, almost all
initial findings of susceptible genetic polymor-
phism overestimated the true effects [6]. Finally,
although TCF7L2 is widely expressed and known
to respond to developmental signals from mem-
bers of the Wnt family of proteins [7,8], the
pathophysiological mechanism of TCF7L2 vari-
ants, that influence metabolic disorders, remains
unclear [9].

The present study was designed to replicate the
reported association of the two TCF7L2 polymor-
phisms rs12255372 and rs7903146 with T2DM in
2369 participants of the population-based
MONICA/KORA surveys (Augsburg, Southern
Germany). To further investigate the pathogenic
mechanism of TCF7L2 variants and T2DM, we
extended our analyses to the metabolic syn-
drome and its components.



Research Design and Methods

v

Study populations and outcome definitions

This study is based on data from 2369 participants of four inde-
pendent cross-sectional surveys (S1-S4) carried out within the
WHO MONICA (MONItoring Trends and Determinants in CArdi-
ovascular disease; S1-S3) and the KORA (Cooperative Health
Research in the Region of Augsburg; S4) project between 1984
and 2001 [10-12]. All four surveys were conducted according to
the principles expressed in the Declaration of Helsinki and were
approved by the ethics committee of the Bavarian Medical Asso-
ciation. Written informed consent was obtained from all sub-
jects.

For the analysis of the association of TCF7L2 and T2DM, we used
a case-control design including 558 previously known and 120
newly detected T2DM cases from all four surveys and 1691 non-
diabetic controls from survey S4 (2369 subjects in total). Previ-
ously known T2DM was defined based on self-reported physician
diagnosis, which was confirmed by the patients’ general practi-
tioners, or use of antidiabetic agents. Newly detected T2DM was
diagnosed by means of an oral glucose tolerance test (OGTT),
that was performed in all 55-74 year-old, initially non-diabetic
S4 participants as previously described [2].

The association between TCF7L2 and the metabolic syndrome as
well as its components was tested with a population-based
study design including all fasting 55-74 year-old S4 participants
(1404 subjects). All except for 19 S4 participants with previously
known T2DM were non-fasting and thus excluded. The meta-
bolic syndrome was defined, 1) according to the International
Diabetes Federation (IDF) criteria for European populations
[13,14], and 2) according to the National Cholesterol Education
Program (NCEP) criteria [15,16]. Anthropometric and laboratory
measurements of all quantitative measures used in the analyses
were carried out as described previously [2]. Subjects taking
medication that substantially influences the analyzed outcome,
were excluded from analysis of this outcome as described in the
table footnotes. Basal insulin secretion was assessed by HOMA-
%B, which was calculated as (fasting plasma insulin [mU/1]x20)/
(fasting plasma glucose [mmol/l] - 3.5). Insulin sensitivity was
evaluated using HOMA-IR, and calculated as (fasting plasma
insulin [mU/1]) x (fasting plasma glucose [mmol/1])/22.5) [17].

Genotyping

Genotyping of the TCF7L2 variants was carried out with matrix-
assisted laser desorption ionization-time of flight (MALDI-TOF)
mass spectroscopic analysis of allele-dependent primer exten-
sion products as described previously [18]. The genotyping suc-
cess rates were 98.3% for rs12255372, and 97.3% for rs7903146.

Statistical Analyses

Each SNP was tested for deviation from Hardy-Weinberg equi-
librium by means of Fisher’s exact test in controls of the case-
control sample and in all subjects of the population-based
sample. Associations between genotypes and T2DM or the met-
abolic syndrome were assessed by multiple logistic regression.
Quantitative traits were analyzed by multiple linear regression.
Traits that were not normally distributed were log-transformed
to reach normality, or analyzed by the non-parametric Kruskal-
Wallis test if this was not successful (HOMA-IR). All analyses
were adjusted for age and sex, as well as body mass index (BMI)
if indicated, and tested for interactions between genotypes and
these covariates. As no major population stratification was

detected within the KORA population [19], it was not necessary
to control for effects of admixture. Due to the high correlation
between the two analyzed SNPs and because the analyses repre-
sent confirmative testing of reported associations, it was also
not necessary to adjust the significance level for multiple testing
for the main analyses within the case-control study; p
values <0.05 were considered statistically significant here. In
contrast, all analyses conducted within the population-based
sample are explorative in nature and results with p values <0.05
are discussed with all due caution and have to be confirmed by
future studies. As Grant et al. detected the best fit for the multi-
plicative genotype model [3], we computed multiplicative geno-
type models as well as model-free estimates for both SNPs. All
analyses were performed with SAS software (V 9.1, Cary, NC,
USA), all presented p values are two-sided.

Results

v

Characteristics of study participants

Two study populations were analyzed: one case-control sample
including 2369 participants, and one population-based sample
of 1404 participants. Characteristics and TCF7L2 genotype fre-
quencies of study participants are shown in Tab. 1 for the case-
control sample and Tab. 2 for the population-based sample. No
deviations of genotype distributions from Hardy-Weinberg
equilibrium were found in either sample, with all p values being
larger than 0.05. The frequencies of the minor T alleles within
the population-based sample were 0.27 for rs12255372 and 0.28
for rs7903146 and thus similar to those previously reported [3].
Within the case-control sample, the frequencies of the minor T
alleles were 0.33 for rs12255372 and 0.34 for rs7903146 in T2DM
cases, whereas allele frequencies in controls were similar to
those of the population-based sample. Linkage disequilibrium
between both variants was strong (D’=0.88, r>=0.86).

Association of TCF7L2 variants and T2DM

The multiple analyses in the sample of 678 cases and 1691 con-
trols identified the T alleles at both SNPs as risk variants for
T2DM, with significant associations for model-free estimates
and the multiplicative genotype model (Tab. 3). The results dem-

Tab.1 Characteristics and TCF7L2 genotype frequencies of participants in
the case-control sample (n=2369), stratified by type 2 diabetes case/control
status

Cases Controls

n total (male/female) 678 (393/285) 1691 (870/821)
Age [years] 62.5+7.8 60.8+8.7

Body massindex [kg/m?]  30.3+4.6 28.1+4.3
rs7903146 CCn (%) 282 (43.3) 842 (51.3)

CTn (%) 296 (45.5) 678 (41.3)

TTn (%) 73(11.2) 121 (7.4)
rs12255372 GG n (%) 306 (45.9) 853 (51.4)

GTn (%) 287 (43.0) 698 (42.1)

TTn (%) 74(11.1) 107 (6.5)

Data are presented as means + standard deviations for age and body mass index, and
as absolute numbers and frequencies for genotypes.
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Tab.2 Characteristics and TCF7L2 genotype frequencies of participants in
the population-based sample (n=1404)

n Mean, median or

frequency
Male [%] 1404 51.8
Age [years] 1404 64.0+5.5
Body mass index [kg/m?] 1398 28.4+4.2
Weight [kg] 1399 77.9+13.1
Height [cm] 1402 165.6+8.9
Hip circumference [cm] 1403 106.2+8.7
Waist circumference [cm] 1403 95.7+11.6
Serum uric acid [mg/dl] 1403 5.66+1.42
HbA1c[%] 1400 5.66+0.50
Total cholesterol [mmol/I]’ 1239 6.31+1.07
HDL cholesterol [mmol/I]’ 1238 1.51+0.43
LDL cholesterol [mmol/I]' 1237 4.01+1.01
Triglycerides [mg/dI]’ 1229 113 (83;156)
Fasting plasma glucose [mg/dI]? 1382 99 (93;108)
2-h plasma glucose [mg/dI]? 1344 115 (94;143)
Fasting insulin [mU/1]2 1333 10.1(7.1;14.6)
HOMA-%B [(mU/l)/(mmol/I)]2 1333 99.6(71.2;138.8)
HOMA-IR [(mU/l)x(mmol/I)]? 1327 2.49(1.67:3.77)
Diastolic blood pressure [mmHg]? 908 79.5+9.8
Systolic blood pressure [mmHg]? 908 133.5:19.6
rs7903146 CC[ %] 707 51.31
CT[%] 569 41.29
TT[%] 102 7.40
rs12255372 GG [%] 723 52.24
GT[%] 571 41.26
TT[%] 90 6.50

Data are presented as means + standard deviation, medians (25th; 75th percentiles)

for traits that are not normally distributed, or relative frequencies for sex and

genotypes. ' 163 subjects with lipid-lowering treatment were excluded. 2 19 subjects

with previously diagnosed type 2 diabetes were excluded. 3 490 subjects with
antihypertensive treatment were excluded.

onstrated a copy-number effect and provided good fit for the
multiplicative genotype model, the odds ratio (OR) with 95%
confidence interval [95% CI] for T2DM being higher for
homozygous than for heterozygous T allele carriers at rs7903146
(model-free estimates: ORqypyscc [95% CI]=1.92 [1.38;2.67],
p=0.0001; ORcyyscc [95% CI]=1.33 [1.09;1.62], p=0.006; multi-
plicative model: ORyysc [95% CI]=1.36 [1.18;1.58], p=0.00003).
Similar results were observed for rs12255372 (model-free esti-
mates: ORppyscc=2.00 [1.43;2.80], p=0.00005; ORgryscc=1.16
[0.95;1.41], p=0.14; multiplicative model: ORy,c=1.31
[1.13;1.51], p=0.0003). Analyses were adjusted for sex, age and
BMI. No major differences between adjusted and unadjusted
results as well as no associations for interactions between these
covariates and the analyzed genotypes were detected (data not
shown).

Association of TCF7L2 variants and the metabolic
syndrome or related traits

Analyses regarding the association of TCF7L2 variants and the
metabolic syndrome were performed within the population-
based sample. In this elderly population, 52% (n=730) met the
IDF criteria, and 27 % (n=370) met the NCEP criteria for the met-
abolic syndrome. Compared with the remaining 662 (IDF) or
1024 (NCEP) subjects, neither of the two SNPs was statistically
significantly associated with the metabolic syndrome according
to the multiplicative genotype model (Tab. 4) or model-free esti-
mates (data not shown). We further examined whether the risk
alleles of either SNP affected quantitative parameters related to
the metabolic syndrome. The results of the analyses using mul-
tiplicative genotype models are shown in Tab. 4. The T allele at
rs7903146 was inversely associated with log-transformed
HOMA-%B (8=-0.07, p=0.005) as a measure of basal insulin
secretion, and log-transformed fasting insulin (B=-0.06,
p=0.02).

Discussion

v

Replication studies of initially reported associations between
genetic variants and complex diseases with polygenic etiology
have often revealed false-positive findings in the past. Only a
few genetic variants have been identified as susceptibility genes
for T2DM so far [5], altering the T2DM risk by approximately 15
to 20% [20]. However, risk modifications of newly identified
genetic variants in the TCF7L2 gene seem to be substantially
greater [3,4]. As most early association studies overestimate

Tab.3 Association of TCF7L2 variants with type 2 diabetes in the case-control sample

SNP n cases|controls Genotype model OR [95%Cl]" P

rs7903146 647/1632 Model-free CT vs. CC 1.33[1.09;1.62] 0.006
TTvs. CC 1.92[1.38;2.67] 0.0001
Multiplicative T vs. C 1.36[1.18;1.58] 0.00003

rs12255372 663/1649 Model-free GT vs. GG 1.16[0.95;1.41] 0.14
TTvs. GG 2.00[1.43;2.80] 0.00005
Multiplicative T vs. G 1.31[1.13;1.51] 0.0003

TAdjusted for age, sex and body mass index (stratified into <18.5; >18.5 to <25 (reference); 25 to <30; =30 to <35; >35 to <40; >40kg/m?).



Tab.4 Association of TCF7L2 variants with the metabolic syndrome or related quantitative traits in the population-based sample, multiplicative genotype model
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rs7903146 rs12255372
Logistic regression n OR[95 %Cl] p n OR[95 %Cl] p
Metabolic syndrome - IDF 1367 1.05[0.88;1.25] 0.58 1373 1.08[0.90;1.28] 0.41
Metabolic syndrome - NCEP 1370 0.96[0.79;1.16] 0.68 1376 1.01[0.83;1.23] 0.89
Linear regression n B p n B p
Body mass index [kg/m?] 1372 -0.106 0.56 1378 0.120 0.51
Weight [kg] 1373 -0.356 0.48 1379 0.263 0.61
Height [cm] 1376 -0.087 0.73 1382 -0.045 0.86
Hip circumference [cm] 1377 -0.362 0.32 1383 0.158 0.67
Waist circumference [cm] 1377 -0.502 0.25 1383 -0.017 0.97
Waist-hip-ratio 1377 -0.002 0.50 1379 -0.001 0.62
Serum uric acid [mg/dl] 1372 0.026 0.61 1378 0.009 0.87
HbATc [%] 1371 -0.002 0.94 1377 -0.014 0.52
Total cholesterol [mmol/I]’ 1211 0.036 0.46 1216 0.022 0.65
HDL cholesterol [mmol/I]’ 1210 -0.009 0.61 1215 -0.022 0.21
LDL cholesterol [mmol/I]' 1209 0.043 0.35 1214 0.038 0.42
Triglycerides [mg/d]'-2 1202 0.004 0.84 1207 0.016 0.44
Fasting plasma glucose [mg/dI] 2 1352 0.005 0.37 1358 0.002 0.74
2-h plasma glucose [mg/dI]?3 1316 -0.003 0.85 1322 -0.003 0.84
Fasting insulin [mU/1]>3 1309 -0.058 0.02 1314 -0.042 0.10
HOMA-%B [(mU]l) | (mmol/1)]23 1309 -0.073 0.005 1314 -0.047 0.07
Diastolic blood pressure [mmHg]* 884 -0.449 0.65 886 -0.742 0.46
Systolic blood pressure [mmHg]* 884 -0.618 0.22 886 -0.565 0.27
Kruskal-Wallis test n Median (25th; p n Median (25th; 75th p

75th percentiles) percentiles)

HOMA-IR [(mU/1) x (mmol/l)]*
AA 678 2.55(1.68;4.00) 0.13 691 2.54(1.69;3.96) 0.31
Aa 539 2.39(1.67:3.63) 541 2.42(1.63:3.62)
aa 92 2.35(1.49;3.50) 82 2.51(1.58;3.77)

All parametric analyses were adjusted for age, sex and body mass index (stratified into <18.5; >18.5 to <25 (reference); 25 to <30; >30 to <35; >35 to <40; >40kg/m?),
except analyses of metabolic syndrome, body mass index, weight, height, hip and waist circumference, and waist-hip-ratio, for which adjustment was limited to age and sex.
TSubjects with lipid-lowering treatment were excluded. 2Log-transformed traits. 3Subjects with previously diagnosed type 2 diabetes were excluded. Subjects with antihyperten-
sive treatment were excluded. °rs12255372: AA=GG, Aa=GT, aa=TT; rs7903146: AA=CC, Aa=CT,aa=TT.

genetic effects [6], validation not only of reported genetic asso-
ciations, but also of their effect sizes is essential.

In our large, population-based KORA samples with well-pheno-
typed participants reflecting the Southern German population
[10], we could replicate the reported associations of the TCF7L2
SNPs 1512255372 and rs7903146 with T2DM. Our replication
results strongly confirmed the T alleles at both SNPs as risk vari-
ants for T2DM. Compared to previously reported allele frequen-
cies [3], the T allele frequencies were slightly lower in diabetic
cases, but almost identical in controls, resulting in slightly
smaller association estimates. Furthermore, our results strongly
confirmed initial findings of good fit for the multiplicative geno-
type models, as a clear copy-number effect was found, especially
for SNP rs7903146. While this manuscript was in preparation,
eight other studies conducted independently from ours at the

same time found similar results on TCF7L2 gene variants and
type 2 diabetes [21-28]. Taken together, these data provide
strong evidence that TCF7L2 is a true diabetes susceptibility gene
(Tab. 5).

We extended our analyses to the metabolic syndrome and
related components, because individuals with the syndrome are
at significantly increased risk of type 2 diabetes mellitus [29]
and because the pathophysiological mechanism of TCF7L2 vari-
ants is still unclear. The analyzed quantitative traits included
body mass index, fasting insulin, HOMA-IR and HOMA-%B,
which are highly relevant for the development of T2DM.
Although we analyzed an elderly population with a high preva-
lence of the metabolic syndrome, neither of the two SNPs was
statistically significantly associated with the metabolic syn-
drome. This lack of an association could be due to several rea-
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sons. First, not all subjects with the metabolic syndrome will
eventually develop type 2 diabetes. In the Insulin Resistance
Atherosclerosis Study (IRAS), a prospective multi-ethnic epide-
miologic study in the U.S., the population attributable-risk per-
cent of incident diabetes was 49% for the IDF and 46% for the
NCEP syndrome definition, respectively [29]. Thus, less than 50%
of the risk of type 2 diabetes was attributable to the presence of
the metabolic syndrome. A possible explanation for this finding
might lie in the substantial heterogeneity of the metabolic syn-
drome allowing for many combinations of metabolic distur-
bances with different implications for diabetes risk, but resulting
in the same diagnosis. Second, it is possible that there are dis-
tinct polygenic determinants of the metabolic syndrome with
small effect sizes, which could not be observed in our study and
would require an even larger sample. Thus, it is conceivable that
we could find a significant association of TCF7L2 variants with
type 2 diabetes, but not with the metabolic syndrome.

When investigating single or related parameters of the meta-
bolic syndrome, the strongest association was found for
decreased basal insulin secretion, assessed by HOMA-%B, and
the T2DM risk-conferring T allele at rs7903146. This finding is
plausible and in line with a previous report based on the T2DM
high-risk population of the Diabetes Prevention Program (DPP),
demonstrating that persons who are homozygous for the risk
allele at rs7903146 have lower first phase insulin secretion in
response to an OGTT than homozygous non-carriers of the risk
allele [4]. On the other hand, insulin sensitivity was significantly
higher in the DPP, which correlated with lower mean BMI and
waist circumference. As discussed by the authors, the unex-
pected finding of higher insulin sensitivity in carriers of the T
allele could result from the selected DPP study population,
which included overweight persons with impaired glucose tol-
erance. A study in an Amish population gives further conflicting
results [22]. In nondiabetic Amish subjects (n=698), no associa-
tion of OGTT-derived insulin resistance (HOMA-IR) and insulin
secretion measurements with the TCF7L2 gene variants was
observed [22]. In addition, intravenous glucose tolerance tests
were carried out in a small sample of 48 nondiabetic non-Amish
subjects, which indicated that rs7901695 and rs79003146 were
significantly associated with both a reduction in insulin sensi-
tivity and a defect in insulin secretion [22]. The present study
provides novel evidence from a population-based study. In the
KORA S4 survey we confirm the results from the large Amish
population that there is no association between TCF7L2 poly-
morphisms and insulin sensitivity, assessed by HOMA-IR. Our
data suggest that the higher risk of diabetes in carriers of the T
allele is primarily conferred by an impaired insulin secretion.
The TCF7L2 gene product is a high-mobility-group box contain-
ing transcription factor that suppresses rather than activates
gene expression [7,8,30]. It has been suggested, that the associa-
tion with T2DM may result from impaired regulation of gene
expression of the insulinotropic proglucagon in enteroendocrine
cells via the Wnt signalling pathway [3,31], but the precise
mechanisms underlying the reduced insulin secretion require
further investigation.

Taken together, we found a significant association of TCF7L2
gene variants and type 2 diabetes in a large sample from the
Southern German KORA study, thus confirming previous find-
ings. In addition, we did not detect a significant association of
these SNPs with insulin resistance (HOMA-IR), the metabolic
syndrome or any of its components. There was a significant
trend towards lower levels of fasting insulin and reduced basal

insulin secretion (HOMA-%B) in the individuals who were
homozygous for the type 2 diabetes risk allele of rs7903146. This
finding supports the hypothesis that TCF7L2 variants may pri-
marily affect pancreatic beta cell function, leading to impaired
insulin secretion and eventually to type 2 diabetes.
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