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1. INTRODUCTION

Since the heterogeneity of diabetes mellitus ha leecepted the disease is
divided into two main clinical entities: type 1 Hites (T1D), which develops as a
result of immune-mediated destruction of pancrgitells in patients with genetic
susceptibility and type 2 diabetes (T2D), whicheleps as an interaction pfcell
dysfunction based on mainly genetic susceptibditg insulin resistance caused by
principally environmental factors. A special subgvoof T1D, the latent
autoimmune diabetes in adults (LADA) is considesisch slowly progressive form
of the immunity-mediated type 1 diabetes.

Recently, a lot of research has made new impodascbveries regarding the
pathogenesis of diabetes, for exampleell specific immune cells have also been
demonstrated in T2D patients and insulin resistdra® also been recognized in
T1D. Another surprising result that LADA shares gin features with type 2
diabetes.

Based on these observations a new theory emphgsika continuity of

diabetes-spectrum has been introduced.

2. AIMS OF THE STUDY

One way leading to understand the pathophysiolbginacesses is to detect
the genetic background of diseases accurately.hén dase-control studies |
assessed the contribution of genetic factors taisieof different clinical types of
diabetes in the Hungarian and European populatiddditionally, | examined the
geographical variability of risk alleles and thagregeneity of gene effects among
diabetes groups and the populations with Europeaestry. The primary aims of

my clinical studies were to detect the phenotypeetype interactions and to
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analyse the possible associations between thetdshisk allele carrier status and

the disease progression.

1. study: Genetic studies in patients with latent@oimmune diabetes in adults

The WHO classifies latent autoimmune diabetes itadis a slowly progressive
subgroup of type 1 diabetes. However, some chaisiits of LADA resemble
rather type 2 diabetes and the recent studies sugdigat the type 2 diabetes-
associated gene variant of transcription factoik@-12 (TCF7L2 has been
proposed to be associated with latent autoimmuabketiés in adults. The genetic
results related to populations of European ancestacontroversial.

Questions:

1. Do the type 2 diabetes-associated gene varianes, T@F7L2 gene
rs7903146 the CDKN2A/2B (cyclin-dependent kinase inhibitor 2A and
2B) gene rs10811661 and tR€ARG(peroxisome proliferator-activated
receptor gamma) gene rs1801282 polymorphisms iserdlae risk of
latent autoimmune diabetes in adults in the Huagapopulation?

2. Can the disease associationT@F7L2gene rs7903146 polymorphism be
confirmed in Europeans?

3. Are there any interactions between the studiededésbrisk alleles and

the clinical data?

2. study: Genetic studies in patients with type 2idbetes

Type 2 diabetes has a polygenic inheritance; ¢illthe genome-wide association

scans have proved the connection of the 40 gefmtiowith the disease. These



genes show low penetrance and mild diabetogenectefhdividually and their

population variance changes between wide ranges.

Questions:

1.

Are the strongest type 2 diabetes-susceptibilityegeariants, th@ CF7L2
gene rs790314a6he CDKN2A/2Bgene rs10811661 and tR€ARGgene
rs1801282 polymorphisms associated with type 2 aléb in the
Hungarian population?

Are there any interactions between the carrierustaif the studied
diabetes risk alleles and the clinical data?

What are the geographic variability 3CF7L2 gene variants and the
heterogeneity of gene effect among populationshestdeen patients with
LADA and type 2 diabetes?

3. study: Genetic studies in patients with type lidbetes

Type 1 diabetes has a polygenic inheritance; &Wthe genome-wide association

scans have proved the connection of the 41 geloefigvith the disease. THeLA-

DR-DQ locus plays a major role, and is responsible f6¢r5@% of familial

clustering. Another 15% is defined imsulin geneand PTPN22(protein tyrosine

phosphatase non-receptor 22) gene, which are thst rpotential minor

susceptibility factors for type 1 diabetes.

Questions:

1.

2.

Do the insulin gene rs689 and the PTPN22 gene rs2476601
polymorphisms contribute to the risk of type 1 ditds in the Hungarian
population?

Are there any interactions between the carrierustaif the studied

diabetes risk alleles and the clinical data?
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4. study: Analysis of the genetic background of aautoimmune triad

Autoimmune diseases are initiated by interactiontwben genetic and
environmental factors and caused by the loss oftinutogic tolerance to self-
antigens. They cluster within families and indivadk) but the aggregation in a
triad is quite rare.
| report a case of a young girl affected by thregan-specific autoimmune
disorders, among them type 1 diabetes developst followed by Hashimoto's
thyroiditis and juvenile rheumatoid arthritis. Atdided genetic study included
genotyping of HLA-DR-DQ CTLA4 and PTPN22 (cytotoxic T-lymphocyte
associated antigen 4) gene regions was performéesel genes have been
associated with autoimmunity in general and thaniants confirm increased risk
to all three diseases.
Question:

1. What is the importance of interaction between majod minor genetic

factors in the determination of the individual aia phenotype?

3. PATIENTS AND METHODS

Diagnostic criteria: the diagnosis of the different diabetes forms wasel on the
criteria of the Word Health Organisation (WHO) gutesl in 1998.

Type 1 diabetes:All T1D patients were under the age of 15 yeardiagnosis,
they had classic diabetic symptoms (polyuria, piplyidc and weight reduction).
The patients had lower fasting serum C-peptidel$ey€0,35 nmol/l or <1.07
ng/ml) and diabetes-associated autoantibody-pdsitjislet cell antibody (ICA),



GAD antibody (GADA), insulin autoantibody (IAA) anphsulinoma-associated
protein 2 antibody (I1A-2A)]. They required prompsulin therapy at diagnosis.

Latent autoimmune diabetes in adults:LADA diagnosis was established if the
age at onset was above 35 years, at least one afrfulating islet autoantibodies
(ICA, GADA, IAA, IA-2A) was detected, and insulimeiatment was not indicated

in the first 6 month after the diagnosis.

Type 2 diabetes: Type 2 diabetic individuals were above 35 yeargjbady-
negative (ICA, GADA, IAA, IA-2A) and insulin-indepelent at the time of

diagnosis.

Controls: In the Hungarian part of thease-control studies N° 1-3the healthy
controls with normal fasting glucose levels andhaitt a family history of diabetes
were recruited among blood donors from Budapese €hllection of blood
samples was occurred related to public blood donatorganized by thRegional
Blood Transfusion Centre of Budqa113 Budapest, Karolina Ut 19-21.). Using a
questionnaire survey | excluded those donors frbm study who are not of
European descent, or who has relatives with ang tfpdiabetes, an autoimmune
disease or genetic syndrome.

In the meta-analyses N° 1-2controls were recruited among people with healthy
metabolism from the studied country. Tétady N° 4.did not required controls.

All participants of the studies were European ainges

Informed consent was obtained from participants $tudies were approved by
the National Ethics Committees and were conductedraing to the principles of

the Declaration of Helsinki.



Table 1: The participants of studies

Number

of the Genes Type of the Patients Controls
study
study
211 LADA,
TCF7L2, case-control 545 T1D 1497
Ne 1. CDKN2A/2B
PPARG meta- 999 LADA, 5358
analysis 1880 T1D 5163
TCF7L2 case-control1297 T2DM 1497
Ne 2. CDKN2A/2B
PPARG Meta- 4529 T2DM 5163
analysis
case-control 572 T1DM 236
PTPN22
[o]
Ne 3. INS
case-control 207 T1DM 136
HLA DRB1-DQA1-DQB1,
N° 4. PTPN22 case-report 1 subject -
CTLA4
Clinical data:

Fasting C-peptide concentrationsvere analysed with radioimmunoassay, normal
value was 0.35 to 1.15 nmol/l (1,05-3,45 ng/ml)eHssay had no detection limit.
Glycated haemoglobin A levels (HbA;) were measured with column assay;
normal range was determined as 4 to 6%.

Body mass index(BMI) was calculated as weight/heighBMI data were divided
into two subgroups according to the Internationials€ification and Child Growth
Standards of the WHO:



+ non-overweight: BMI <25 kg/frfor adults or BMI less than 1 SD above the
mean for children,
+ overweight: BMI>25 kg/nf for adults or BMI 1 SD or more above the

mean for children.

Genetic studies:

Total DNA was isolated from peripheral blood lymphocytes using salting ou
method.

Quant-iT™ PicoGreéhdsDNA Assay Kit was using tDNA quantitation .
Genotyping of the polymorphisms oPTPN22(rs2476601)JNS (rs689),CTLA4
(rs3087243), TCF7L2 (rs7903146), CDKN2A/2B (rs10811661) andPPARG
(rs1801282) gene was carried out using an allédicrinination assayTagMan®;
Applied Biosystems, Foster City, CA, USA).

The HLA DR-DQgenotype was defined by a low-resolution full hotygeng with

a lanthanide labelled oligonucleotide hybridizatiomethod DELFIA ©;

PerkinElmer Inc., Turku, Finland).

Statistical analyses

Before starting the case-control studies | estithdtee required number of
cases to ensure the adequate statistical powerthforexamination of gene
polymorphism.

Each analysis was performed usiBBSS for Windows(version 17.0; SPSS,
Chicago, IL, USA). Disease association was assdsgedds ratio (OR) and 95%
confidental interval (95% CI) using logistic regses model adjusted for age, sex
and BMI. The genotype distributions were compareith wHardy-Weinberg

equilibrium.



The databases searched included MEDLINE and thér@ne Library. Meta-
analysis was performed usinllX software. Between-study heterogeneity
assessing by Cochran’s Q-test was not statisticidjgificant. Thus, fixed-effect
method of Mantel Haenszel was performed to poolaltelic OR. The Breslow—
Day test was used to assess allelic heterogerfyulation attributable risk was
calculated as PAR = (X-1)/X, assuming the multiglice model where X = (1%)
+ 2f(1-fyy + 4% y is the allelic OR, f is the frequency of the riglele.

The normality and homogeneity of variables wereckkd by Shapiro-Wilk’s
W and Levene’s tests. The results were given bygriggive method as the sample
size (n) for discrete variable (e.g. gender) anagnaan&SD (standard deviation)
for the continuous variables (e.g. age, BMI, C-iptevel). Group comparisons
were carried out by one-way analysis of covariaBICOVA with age and
gender as covariates), followed by Tukey's tespast-hoc analysis. Categorical
variables were compared using Pearsghtsst.

All reported p-values were two-tailed and differences were carsid to be

statistically significant gp<0.05.

4. RESULTS

In all studies no deviation from the Hardy—Weinbeggilibrium was found in

patients and control groups (pHvalues are > 0.005).

1. study: Genetic studies in patients with latent@oimmune diabetes in adults

In the Hungarian dataset, tAi€F7L2 gene rs7903146 polymorphism showed
significant disease associations with LADA (OR 1.36% CI 1.07, 1.68;



p=0.0127), but not with type 1 diabetes (OR 0.98495I 0.73, 1.31p=0.5219).
The PAR of theT-allelefor LADA was 15.21% in the Hungarian population.

In the Hungarian dataset, tl&@DKN2A/B gene T-allelic OR 1.07, 95% CI
0.82-1.40;p=0.6221), and thePARGgene C-allelic OR 1.03, 95% CI 0.74-1.42;
p=0.8628) were not associated with LADA.

The meta-analysis of published studies and oultsesomprised a total of 999
LADA patients and 5,358 control individuals of Epean ancestry, and yielded a
modest, but significant effect for tHECF7L2 rs7903146T-allele on LADA risk
(OR 1.28, 95% CI 1.15, 1.4p<0.0001; Fig. 1). Between-study heterogeneity was
not significant p=0.9288). The PAR of thd-allele for LADA was assessed
12.99% in the European populations.

LADA/Controls
Study Population Number MAF OR (95% CT) p value
Cervin etal. Swedish/Finnish ~ 357/1639 27312257 128(1.07-1.54)  0.0069
Diabetes, 2008)
Szepistowska et al. Polish 68/195 31622487 1.39(091-2.14)  0.1263
(deta Diabetologica, 2010)
Pettersen etal. Norwegian 113/1482 2788/2524  1.14(0.84-1.54)  0.3801
Diabetes, 2010)
Zampetti et al. Italian 250/545 39.603422  1.26 (1.01-1.56)  0.0380
Diabetes Medicine, 2010}
Lukacs et al. Hungarian 211/1497 31752589 1.34(1.07-1.68)  0.0127
Diabetologia, 2011)
Meta-analysis 999/5358 31682550 128(1.15-1.42)  <0.0001

k |

01 1 10
OR (loy scale)

Fig. 1: Association of theTCF7L2 rs7903146 polymorphism with LADA in
European populations (MAF: minor allele frequency)
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The metaanalysis proved that th€F7L2gene rs7903146 polymorphism was
not associated with type 1 diabetes in individwdl&uropean ancestry (OR 1.09,
95% CI 0.98-1.22p=0.0788) (Fig. is not shown).

Then we further analysed the possible interactietwben theTCF7L2 gene
rs7903146 polymorphism and clinical data in the ¢fman population. The
associations were age- and sex-independé&rdllele carriers among LADA
patients tended to have lower fasting serum C-gepévels than patients withC
genotype but the difference was not significant (mean+SIX,/TT genotype:
0.24+0.18 nmol/l vsCC genotype0.29+0.23 nmol/lp=0.0841).

T-allele carriers had significantly lower mean BMI valuban patients with the
CC genotypein the LADA (meantSD:CT/TT genotype:4.29+2.74 vs.CC
genotype:26.26+2.82 kg/m2p=0.0021). A similar interaction was not seen in
controls and type 1 diabetes.

We further analysed the effect of this TCF7L2 varian diabetes risk in non-
overweight vs. overweight BMI categories. T allekrying was associated with
LADA only in the non-overweight group (OR 1.61, 9%%61.21, 2.12p=0.0011);
polymorphism-related susceptibility to diabetes waseased by 2.84-fold in non-

overweight compared with overweight LADA patients©.0013).
2. study: Genetic studies in patients with type 2idbetes

The analysis of data proved that th€F7L2 rs7903146 polymorphismT{
allelic OR 1.49, 95% CI 1.13-1.73<0.0001), theCDKN2A/2B rs10811661

polymorphism T-allelic OR 1.20, 95% CI 1.04-1.3$=0.0111) and th€ PARG
rs1801282 polymorphisntCtallelic OR 1.20, 95% CI 1.01-1.4%=0.0345) were
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associated with type 2 diabetes in the Hungarigmuladion. The PARs of genes
for T2D were 16.96%, 26.46% and 28.24%, respegtivel

We further analysed the possible interaction ketw gene variants and
clinical data. The associations were age- and seegendent in cases of all there
gene polymorphisms.

However, in the Hungarian dataset (@F7L2rs7903146 polymorphism was
associated both with the fasting serum C-peptidel leneasured at the time of
diagnosis and BMI values in patients with type @bditesT-allele carriers among
type 2 diabetic patients had significant lower ifegtserum C-peptide levels
(meantSD, CT/TT genotype 0.81+0.23 vs.CC genotype 0.87+0.24 nmol/l,
p=0.0352) and BMI values (mean+SOT/TT genotype 29.10+5.06 kg/fvs. CC
genotype 30.04+4.77 kg/m p=0.0013) than individuals witlCC genotypeT-
allele carriers showed an increased risk compared wittrals, both in the non-
overweight (OR 1.93, 95% CI 1.49, 2.5850.0001) and in the overweight (OR
1.36, 95% CI 1.14, 1.63;p=0.0038) categories; polymorphism-related
susceptibility was higher in non-overweight than averweight individuals
(p<0.0001).

In our study neither th€DKN2A/2B genas10811661 nor thePARGgene
rs1801282 polymorphisms showed any interaction$ ulie fasting serum C-
peptide level or BMI values.

The meta-analysis in regard to same European pigouleomparison a total of
4,529 T2D patients and 5,163 control individualsved that theTCF7L2 gene
contributes to the risk of type 2 diabetes strommiicantly (OR 1.42, 95% CI
1.29-1.56;p<0.0001) (Fig. 2.). The Cochran-Q test showed thmdgeneity of
studies p=0.8391).

The PAR of theT-allele for T2D was assessed 18.45% in the European

populations.
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T2D/Control
Study Population Number MAF

Cervin et al. Swedish/Finnish  1621/1639  28.62/22.57
(Diabetes, 2008)

-

Pettersenetal.  Norwegian 991/1482  33.91/25.24
(Diabetes, 2010)

—3 Zampettietal.  Italian 620/545 43.71/34.22
(Diabetes Medicine, 2010)
— Lukacs et al. Hungarian 1297/1497 32.46/25.89
(Diabetologia Hungarica, 2012)
<> Meta-analysis 4529/5163  32.94/25.50
{
1 ]

OR (log scale)

OR (95% Cl)

137(1.16-1.61)

151(1.24-1.85)

149(1.13-1.96)

149 (1.13-1.73)

145 (1.30-1.60)

pvalue

<0.0001

<0.0001

0.0041

<0.0001

<0.0001

Fig. 2: Association of theTCF7L2 rs7903146 polymorphism with T2D in
European populations (MAF: minor allele frequency)

Comparison of the effect size of tH€F7L2 gene variant rs7903146 C-to-T
polymorphism among 999 LADA and 4,529 type 2 diabgiatients revealed

homogeneity§=0.2423).

The disease-associated T allele frequencies shawmsatth—south geographic
gradient in background populations and patient gspwith the lowest presence in
North (control/LADA/T2D in Finland and Sweden: 23/29%), with medium

level in the Central European region (in Poland/326% and in Hungary:

26/32/33%) and increasing southward (in Italy: 8#449%) (Fig. 3.).
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THE STANDARDIZED INCIDENCE OF COUNTRY THE T-ALLELE FREQUENCYIN
AUTOIMMUNE DIABETES IN 2003 * CONTROLSANDLADA PATIENTS

Finnland Finnland 22.51% 21.31%

: 92.6%
‘Sweden Sweden 22.51% 21.31%
34.6%

Norway 25.24% 27.88%
Poland
0,
s Poland 24.87% 31.62%

‘Hungary

11.5% Hungary 25.89% 31.75%
‘ Italy Italy 34.22% 39.60%
8.4%
b | *Source: Patterson CC., Lancet, 2009, 373: 2027-33

The standardized incidence of autoimmune diabetes and the TCF7L2 gene rs7903146 T-allele frequency (%)

Finnorszég Sweden Norway Poland Hungary Italy
1 The standardized incidence of autoimmune diabetes (%) The T-allele frequency in the background population (%)
0 The T-allele frequency in LADA (%) uThe T-allele frequency in T2D (%)

Figure 3.: The T-allele frequency of the rs7903146 polymorphism iTCF7L2
gene and the standardized incidence of autoimmundabetes in the European
populations

3. study: Genetic studies in patients with type lidbetes

The PTPN22 T-alleleshowed a close relationship with type 1 diabetethén
Hungarian population (OR 2.01, 95% CI 1.44, 2,843.18x10°). The distribution
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of genotypes proved the minor T-allele dominank reffect (in case ofCT
genotypeOR 1.86, 95% Cl 1.27, 2.7f=1.26x10°).

The association betwedATPN22gene C1858T polymorphism and type 1
diabetes was age- and sex-independent. Howevéiagtosis T allele carriers had
significant lower fasting serum C-peptide levelartipatients with homozygote CC
genotype (mean+SDCT/TT genotype:0.19+0.16 nmol/l vs. CC genotype:
0.2940.22 nmol/lIp=0.026).

The A-allele ofinsulin gene-23Hphl polymorphism (a surrogate for VNTR
class | allele) predisposed to type 1 diabetes @83, 95% CI 1.59, 3.42;
p=1.03x10%), while the T-allele (a surrogate for VNTR clads dllele) had a
dominant protective effect in the Hungarian popatatiin case of AT genotype:
OR 0.43, 95% CI 0.26, 0.7p=7.42x10%.

The association betweeinsulin gene-23Hphl polymorphism and type 1

diabetes was age- and sex-independent.

4. study: Type 1 diabetes associated with Hashimdsothyroiditis and juvenile

rheumatoid arthritis: a case report with clinical and genetic investigations

The presently 17-year-old girl was born at termtiva birth weight of 2.9 kg
and with a birth length of 47 cm) from the mothdiitst uneventful pregnancy.
There was no family history of autoimmune diseases.

At the age of two she was admitted to hospital nnuaconscious state, the
laboratory parameters confirmed severe diabetiodaidosis. Type 1A diabetes
was diagnosed and insulin treatment was startedhétage of 11, autoimmune
hypothyroidism and at the age of 15, seronegatolgapticular type of juvenile
rheumatoid arthritis was diagnosed. With thyroidrrhone replacement and

methotrexate administration she became asymptomatic
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The Table 1 contents the laboratory data relatettheéodiagnosis of the three

autoimmune diseases.

Table 1: The laboratory data and radiological featwes at diagnosis of the
three autoimmune diseases

Parameters Patient’s values Normal range
Type 1A diabetes

Blood glucose 37,6 mmol/l 3,5-5,3 mmol/l
Fasting serum C-peptide 0,32 ng/ml 1,1-3,6 ng/ml
HbA;. 14,2 % 3,9-5,7 %
GADA 160 IU/ml <5 1U/ml
Hashimoto’s thyroiditis

TSH 100pU/1 0,3-3,0pu/

FT3 2,06 pmol/l 1,23-3,08 pmol/l
FT4 2,12 pmol/l 7,72-23,17 pmol/l
anti-TPO >4000 U/ml <100 U/ml
TG 4744 U/ml <100 U/ml
TRAb 31.6 U/ml <14 U/ml
Thyroid ultrasonography positive -
Juvenile rheumatoid arthritis

We 36 mm/h <12 mm/h
CRP 6,6 mg/ml <5,0 mg/ml
RF negative negative
Technetium scintigraphy positive -

| analysed the common genetic risk factors of humateimmunity, theHLA
class Il genesthe C1858T polymorphism of the protein tyrosif@gphatase non-
receptor 22 genePTPN22 and the CT60 polymorphism of the cytotoxic T-
lymphocyte-associated protein @LA4 gene. Unfortunately, the parents did not
consent to blood sampling and genetic investigatiasther family members.

The patient had HLA DRB1*0401-DQA1*03-DQB1*0301/(DR14)-
DQB1*0503 the PTPN22 genotype was CT; th&€TLA4 genotype was also
heterozygote, AG.
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5. CONCLUSIONS

Latent autoimmune diabetes in adults - related finthgs:

1. The TCF7L2 variant rs7903146 C-to-T polymorphism contributés
susceptibility to LADA in people with European astrg. The effect of
TCF7L2gene is population-independent among Europeanstamdagnitude
is comparable between LADA and type 2 diabetes. BAB genetically an
admixture of type 1 and type 2 diabetes suggestiagautoimmune and non-
autoimmune processes play a role in the pathogenéttie disease.

2. A north—south geographic gradient was seen in thguency of the disease-
associated T allele, both in LADA and control patigins. It suggests that the
non-autoimmune mechanisms have an increasing motbei pathogenesis of
LADA towards the south.

3. The TCF7L2 gene rs7903146 polymorphism is associated withniate
autoimmune diabetes also in the Hungarian populatio Hungarians, the
disease-associated T allele increased susceptilbditLADA by 1.34-fold,
which corresponds to a 15% PAR. The findings of garran datasets suggest
a phenotype-genotype interaction in LADA, with (R€F7L2gene effect on
diabetes risk possibly being modulated by BMI, stiwt the lower the BMI,
the higher the gene effect.

4. Patients with LADA carryingfCF7L2gene rs7903146 T allele variant tended
to have less residug@lcell function at the onset of the disease. Onatjpus
effect of TCF7L2gene may be a further decrease of insulin secrei@ non-

autoimmunity-mediated beta cell dysfunction.
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Type 1 diabetes - related findings:

1. The PTPN22gene C1858T polymorphisrshows a close relationship with
type 1 diabetes in the Hungarian population; thel&le carrying increases the
risk on the disease by 2-fold. The associatiorges- @and sex-independent. A
phenotype-genotype interaction is found in casd®®PN22gene, the risk
allele carriers have more extensive destructiop-oélls at the onset of type 1
diabetes.

2. TheINSgene -23Hphl polymorphism T-allele (a surrogateMbITR class IlI
allele) has a dominant protective effect in the ganan population, the AA
genotype increases the susceptibility to type lbatis by 3-fold. The
association is age- and sex-independent.

3. The overlapping genetic loci of autoimmune diseasggjest that the genetic
pathways in their pathogenesis are shared. HowéveILA class Ilgenes
are the primary determinants of human autoimmumtyyadays more and
more data prove that the importance of HLA-linkeghetic susceptibility
decreases and/or the environmental pressure imseasd the interaction
between major and minor genetic factors determthesindividual clinical
phenotype.

Type 2 diabetes - related findings:
1. The TCF7L2 gene rs7903146, th€DKN2A/B gene rs10811661 and the
PPARGgene rs1801282 polymorphisms are associated with 2 diabetes

in the Hungarian population. The associations gee and sex-independent;
the gene effects consistent with data publishefdiso

17



The findings of Hungarian datasets suggest thaeffexzt of TCF7L2 gene
variant on diabetes risk may be modulated by BMitust, the disease-
associated T allele increases the susceptibility2D in both bodyweight-
categories, but the risk is twice higher in nonfexaght than in overweight
individuals.

The TCF7L2 gene rs7903146 T allele carriers among T2D pati¢mtve
significant lower residuap-cell function at the onset of the disease than
patients with CC genotype. The diabetogen effecT©F7L2 gene may

caused by direct decreasing of insulin secretiopralls.
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