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The evidence for a role of genetic factors in susceptibility to common,
multifactorial type 2 diabetes (T2DM) has been known for decades. It has
come from twin studies and the analysis of the relative risk in families
with affected individuals. After the first successes in monogenic diabetes
were published in the early 1990s, the scientists started their effort to
identify genes for complex T2DM. They soon realized that this task was
much more difficult to achieve than the routine procedure of cloning genes
for Mendelian diseases. This was a consequence of the fact that the phe-
notype of T2DM was, in addition to environmental factors, the result
of the complex interaction between tens or even hundreds of variants
with very low relative risk located in different genes. In the early years
of the research on the genetics of T2DM two approaches were used. First,
the researchers looked for an association between frequent polymorphism
in the candidate genes and the disease. The candidate genes were select-
ed based on their role in insulin secretion or insulin action. The basic notion
of association studies was that susceptibility alleles should be more preva-
lent in the cases than in the controls. Those early studies suffered from
a lack of statistical power, the positive results were difficult to replicate,
and soon it became apparent that our knowledge on the best candidates
was not excellent. The second approach, linkage analysis, was associated
with the idea of positional cloning that worked well for monogenic dis-
eases. In complex traits, however, with the small sizes of the families,
a very modest effect of each gene and difficulties to establish the critical
interval, this approach brought a lot of disappointments. In fact the list
of T2DM genes successfully identified over the decade beginning in the mid
1990s contained just three positions: PPAR-y (PPARG) and Kir6.2 (KCNJ11)
found by the candidate gene approach and TCF7L2 discovered by the posi-
tional cloning technique [1]. The recent years have given us a new tool to
discover genetic susceptibility to T2DM, e.g. genome-wide association
studies (GWAS). This progress was associated with new technologies that
were able to generate a lot of genotyping and the advances in our under-
standing of the organisation and physiology of human DNA. The scientists
have also learned their lessons and they understood that large groups
of patients and controls are necessary. The GWAS finally produced major
advances in the field of genetics of complex T2DM and many other com-
mon diseases.
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This approach has facilitated a substantial and
rapid rise in the number of confirmed genetic sus-
ceptibility variants for T2DM.

The first GWAS for T2DM was conducted in
a French cohort. This study identified novel associ-
ation signals at SLC30A8, HHEX, LOC387761 and
EXT2, and validated the previously identified asso-
ciation at TCF7L2 [2]. Nowadays, most of the T2DM
genetic cohorts have combined to form DIAGRAM+,
which yields an effective sample size of more than
22,000 subjects of European origin. In a recent
study, 2,426,886 imputed and genotyped autoso-
mal single nucleotide polymorphisms (SNPs), with
additional interrogation of the X chromosome, were
examined for association with T2DM. More than
50 variants have been identified so far, many
of which were discovered through GWAS [3].

However, there are several limitations of GWAS.
First, there are a considerable number of uncap-
tured SNPs in the public database, and there has
been insufficient effort to perform GWAS for pop-
ulations other than those of European origin.
The rationale of GWAS is based on the “common
disease-common variant” hypothesis, and studies
have focused on finding common variants associ-
ated with the disease; therefore, susceptibility vari-
ants having a minor allele frequency (MAF) of less
than 1% are frequently missed. Moreover, results
collected from GWAS cannot be generalized since
some genetic variants and predispositions may be
population-specific. In the light of these limitations
there is still room for the candidate gene approach
in the GWAS era [4].

Growing evidence indicates that oxidative stress
is increased in diabetes due to overproduction
of reactive oxygen species and decreased efficien-
cy of antioxidant defences. Recently some papers
have indicated that oxidative stress may play a role
in pathogenesis of pancreatic § cell destruction and
type 2 diabetes. Among known players glutathione
S-transferases (GSTs) are phase Il detoxifying
enzymes that catalyze the conjugation of reduced
glutathione to a wide range of electrophilic sub-
strates and represent a major protective mecha-
nism against oxidative stress. Epidemiological stud-
ies indicate that individuals with the GSTP1 protein
with valine rather than isoleucine at position
105 (GSTP1 Ile105Val) have significantly decreased
catalytic efficiency of this enzyme [5]. A study pub-
lished in the current issue of Archives of Medical
Science reports an association between GSTPI geno-
type and T2DM in the Egyptian population [6].
The study was conducted on a relatively small group
of 112 T2DM patients and 188 matched controls.
They found that the Val allele is a risk factor for
developing T2DM. To strengthen this observation
they also reported a weak association with increase
in body mass index (BMI) within the study group.

In the literature there are ambiguous results show-
ing no association between GSTP1 genotype and
T2DM or even an opposite effect of Ile105Val vari-
ants [7, 8]. Thus, large, well-designed studies with
appropriate statistical power are needed to confirm
these results in this special population of Egyptian
patients with type 2 diabetes. However, this study
has pointed out a possible link between type 2 dia-
betes and oxidative stress as a new pathway to
future targeted therapy. Furthermore, the weak
genetic association found in the study is a nice
example of the need for the candidate gene
approach in the GWAS era.

Acknowledgments

The author is funded by the Innovative Econo-
my Operational Programme — Activity 1.2 (TEAM Pro-
gramme coordinated by the Foundation for Polish
Science).

References

1. Malecki MT, Mlynarski W, Skupien J. Can geneticists help
clinicians to understand and treat non-autoimmune dia-
betes? Diabetes Res Clin Pract 2008; 82 Suppl 2: S83-93.

2. Sladek R, Rocheleau G, RungJ, et al. A genomewide asso-
ciation study identifies novel risk loci for type 2 diabetes.
Nature 2007; 445: 881-5.

. Voight BF, Scott LJ, Steinthorsdottir V, et al. MAGIC inves-
tigators; GIANT Consortium. Twelve type 2 diabetes sus-
ceptibility loci identified through large-scale association
analysis. Nat Genet 2010; 42: 579-89.

4.Imamura M, Maeda S. Genetics of type 2 diabetes:
the GWAS era and future perspectives. Endocr J 2011;
58:723-39.

. Kariz S, Nikolajevi¢ Starcevic J, Petrovic D. Association
of manganese superoxide dismutase and glutathione
S-transferases genotypes with myocardial infarction in
patients with type 2 diabetes mellitus. Diabetes Res Clin
Pract 2012 [Epub ahead of print].

6. Amer MA, Ghattas MH, Abo-ElMatty DM, Abou-El-Ela SH.

Evaluation of glutathione S-transferase P1 genetic vari-

ants affecting type-2 diabetes susceptibility and glycemic

control. Arch Med Sci 2012; 8: 631-6.

Gonll N, Kadioglu E, Kocaba NA, Ozkaya M, Karakaya AE,

Karahalil B. The role of GSTM1, GSTT1, GSTP1, and OGG1

polymorphisms in type 2 diabetes mellitus risk: a case-

control study in a Turkish population. Gene 2012; 505:

121-7.

8. Bid HK, Konwar R, Saxena M, Chaudhari P, Agrawal CG,
Banerjee M. Association of glutathione S-transferase
(GSTM1, T1 and P1) gene polymorphisms with type 2 dia-
betes mellitus in north Indian population. J Postgrad Med
2010; 56: 176-81.

w

wi

~

Arch Med Sci 4, August / 2012

607




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


