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The CTLA4 +49 A/G polymorphism is not associated with susceptibility to
type 1 diabetes mellitus in the Portuguese population
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Summary

CTLA4 genetic polymorphisms have been associated with
type 1 diabetes. We genotyped 207 patients and 249
controls for the most frequently investigated poly-
morphism of the CTLA4 gene (+49A/G (rs231775)). No
significant differences were observed, suggesting that
this polymorphism is not strongly associated with type 1
diabetes in the Portuguese population.

Introduction

CTLA4 is a member of the immunoglobulin superfamily
that is expressed on the surface of activated T cells and
downregulates T-cell function (Schneider et al., 2006).
Polymorphisms have been identified in the CTLA4 gene
and have been associated with different susceptibilities to
a wide range of T-cell-mediated autoimmune disorders
(Gough et al., 2005). Most molecular epidemiology studies
have evaluated the role of the +49A/G (rs231775) single
nucleotide polymorphism (SNP) that causes a threonine-to-
alanine substitution in codon 17 and is associated with
altered protein expression (Anjos et al., 2002) and T-cell
activation (Maurer et al., 2002). This polymorphism seems
to be associated with the genetic susceptibility to type 1
diabetes in several populations, although conflicting data
also exist in populations of different ethnic backgrounds
(Kavvoura & Ioannidis, 2005). The replication of results
in populations of different ethnic backgrounds is important
to confirm the association between the disease and the
specific polymorphism, regardless of the genetic back-
ground of the population.

The aim of this study was to assess the contribution of
this CTLA4 polymorphism to the susceptibility to type 1
diabetes in the Portuguese population.
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Subjects and methods

The study was designed as a retrospective case—control
study involving 207 Caucasian Portuguese patients with
type 1 diabetes mellitus (113 males and 94 females; mean
age + standard deviation (SD)=27.5%10.2 years) that
attended the outpatient clinics at the University Hospital
of Coimbra (Portugal). Patients had been diagnosed on
the basis of classical clinical presentation, low or undetec-
table levels of serum C-peptide, and presence of one or more
autoantibodies (islet cell autoantibodies, autoantibodies
to insulin, autoantibodies to glutamic acid decarboxylase
(GADG6S) or autoantibodies to the tyrosine phosphatase
IA-2). Mean duration of diabetes was 11.4 + 8.3 years
(mean % SD). The control group consisted of 249 unrelated
healthy volunteers (143 males and 106 females; mean age £
SD = 36.8 + 13.8 years) which were blood donors and hospital
and faculty staff, from the same geographical region. Informed
consent was obtained from patients and controls.

Leucocyte DNA was isolated from peripheral blood
samples using standard methods and the detection of the
+49A/G (rs231775) SNP was carried out as previously
described (Donner et al., 1997).

The Pearson’s chi-square test of independence, with
one degree of freedom, was used to examine differences
of genotype and allele frequencies between patients
and controls. Two-tailed P-values were calculated, and
statistical significance was set at P < 0.05. Odds ratios
(OR) and the corresponding 95 % confidence intervals (CI)
were calculated for each genotype and allele. Subgroup
analysis, according to the presence or absence of each
of the autoantibodies, was carried out using the same
method. Hardy—Weinberg equilibriums were assessed by
use of the chi-square goodness-of-fit test to compare the
observed and allele-based expected genotype frequencies.
Power calculation was analysed using the program Power
and Sample Size Calculations (version 2.1.30) (Dupont
& Plummer, 1997).

Results

The distribution of CTLA4 genotype and allele frequencies
did not differ significantly between patients with type 1
diabetes mellitus and controls (Table 1). No single genotype
or allele was associated with an altered risk for type 1
diabetes mellitus. Odds ratios for the putative high risk

© 2009 Blackwell Publishing Ltd, International Journal of Immunogenetics 36, 193-195 193



194 M. C. Lemos et al.

Table 1. CTLA4 +49A/G genotype and allele frequencies in patients
with type 1 diabetes mellitus and controls

Controls Patients Odds ratio
Polymorphism  (n=249) (n=207) (95% Cl) P value
Genotype n (%) n (%)
AA 111 (44.6) 82 (39.6) 0.82(0.56-1.19) 0.285
AG 108 (43.4) 95 (45.9) 1.11(0.77-1.60) 0.590
GG 30(12.0) 30(14.5) 1.24(0.72-2.12) 0.442
Allele
A 330 (66.3) 259 (62.6) 0.85(0.65-1.12) 0.244
G 168 (33.7) 155(37.4) 1.18(0.90-1.54) 0.244

n, number; Cl, confidence interval.

GG genotype and G allele were 1.24 (95% CI 0.72-2.12)
(P=0.442) and 1.18 (95% CI 0.90-1.54) (P =0.244),
respectively. No correlation was found between genotype
and presence of each of the autoantibodies (data not shown).
All frequencies were in Hardy—Weinberg equilibrium.
Power analysis showed that the study sample size was
sufficient to detect an OR of 1.47 associated with the G
allele, with an estimated power of 0.8 and a type 1 error
probability of 0.05.

Discussion

This is the first study of the effect of CTLA4 polymorphisms
on the susceptibility to type 1 diabetes in the Portuguese
population. The results do not support the involvement of
the CTLA4 gene in the pathogenesis of type 1 diabetes in
our population. This contrasts with positive associations
that have been reported for the +49A/G polymorphism in
case—control studies in populations from Belgium, Germany,
Poland, France, Japan, China, Italy, the Philippines, Lebanon,
Estonia and Iran (Zalloua et al., 2004; Kavvoura &
Toannidis, 2005; Mojtahedi et al., 2005). A meta-analysis
of published studies indicated that the +49G allele conferred
an increased risk for type 1 diabetes, with an OR of 1.45
(95% CI1.28-1.65) (Kavvoura & Ioannidis, 2005). How-
ever, lack of association for the +49A/G polymorphism
has also been reported in populations from the USA, Japan,
Ghana, UK, France, Czech Republic, Morocco, Argentina,
Brazil and Azerbaijan (Marron et al., 1997; Caputo et al.,
2005; Hauache et al., 2005; Kavvoura & Ioannidis,
2005; Ahmedov et al., 2006).

The apparent discrepancies between the present study
and other studies could be due to the genetic heterogeneity
among the populations studied, to different interactions
with environmental factors involved in the pathogenesis of
type 1 diabetes, to limited individual study power or to other
methodological issues. Furthermore, the CTLA4 +49A/G
SNP may not be the true disease-associated variant, but
rather a marker in linkage disequilibrium with the causal
variant, and the discrepant findings may reflect variable
strengths of linkage disequilibrium in different populations.

We investigated the +49A/G polymorphism because it
has been the most widely analysed CTLA4 variant in type 1
diabetes patients from several ethnic populations (Kavvoura

& Toannidis, 2005). In addition, it is the only known SNP
that causes an amino acid change (threonine to alanine),
and is associated with altered protein expression (Anjos
et al., 2002) and T cell activation (Maurer et al., 2002).
However, other polymorphisms within the promoter
region and 3’-untranslated region (UTR) of the gene, such
as the CT60 (+6230G/A, rs3087243) SNP, might also affect
protein expression and influence the risk of immune-
mediated diseases (Ueda et al., 2003; Perez-Garcia et al.,
2007; Mayans et al., 2007; Muro et al., 2008).

Our study was powered to detect an association, of
about the same magnitude that has been reported in type 1
diabetes (Kavvoura & Ioannidis, 2005); however, a more
subtle effect of the +49A/G polymorphism on susceptibility
cannot be excluded in the present study.

In conclusion, our case—control study suggests that the
+49A/G SNP of the CTLA4 gene is not strongly associated
with type 1 diabetes mellitus in the Portuguese population.

Acknowledgements

This work was supported by ‘Bolsa Dr M. M. Almeida
Ruas — Sociedade Portuguesa de Diabetologia/Novo
Nordisk, em Diabetes (2003)’.

References

Ahmedov, G., Ahmedova, L., Sedlakova, P. & Cinek, O. (2006)
Genetic association of type 1 diabetes in an Azerbaijanian
population: the HLA-DQ-DRB1%04, the insulin gene, and
CTLAA4. Pediatric Diabetes, 7, 88.

Anjos, S., Nguyen, A., Ounissi-Benkalha, H., Tessier, M.C. &
Polychronakos, C. (2002) A common autoimmunity predisposing
signal peptide variant of the cytotoxic T-lymphocyte antigen 4
results in inefficient glycosylation of the susceptibility allele.
Journal of Biological Chemistry, 277, 46478.

Caputo, M., Cerrone, G.E., Lopez, A.P., Villalba, A., Krochik, G.A.,
Cedola, EN., Targovnik, H.M. & Frechtel, G.D. (2005)
Cytotoxic T lymphocyte antigen 4 heterozygous codon 49 A/G
dimorphism is associated to latent autoimmune diabetes in adults
(LADA). Autoimmunity, 38, 277.

Donner, H., Rau, H., Walfish, P.G., Braun, J., Siegmund, T.,

Finke, R., Herwig, J., Usadel, K.H. & Badenhoop, K. (1997)
CTLA4 alanine-17 confers genetic susceptibility to Graves’
disease and to type 1 diabetes mellitus. Journal of Clinical
Endocrinology and Metabolism, 82, 143.

Dupont, W.D. & Plummer, W.D. (1997) PS power and sample size
program available for free on the Internet. Controlled Clin Trials,
18, 274.

Gough, S.C., Walker, L.S. & Sansom, D.M. (2005) CTLA4 gene
polymorphism and autoimmunity. Immunological Reviews, 204,
102.

Hauache, O.M., Reis, A.E, Oliveira, C.S., Vieira, J.G., Sjoroos, M.
& Ilonen, J. (2005) Estimation of diabetes risk in Brazilian
population by typing for polymorphisms in HLA-DR-DQ,

INS and CTLA-4 genes. Disease Markers, 21, 139.

Kavvoura, EK. & Ioannidis, J.P. (2005) CTLA-4 gene polymorphisms
and susceptibility to type 1 diabetes mellitus: a HuGE review
and meta-analysis. American Journal of Epidemiology, 162, 3.

Marron, M.P,, Raffel, L.J., Garchon, H.J., Jacob, C.O.,
Serrano-Rios, M., Martinez Larrad, M.T. et al. (1997)
Insulin-dependent diabetes mellitus (IDDM) is associated
with CTLA4 polymorphisms in multiple ethnic groups.

Human Molecular Genetics, 6, 1275.

© 2009 Blackwell Publishing Ltd, International Journal of Immunogenetics 36, 193-195



Maurer, M., Loserth, S., Kolb-Maurer, A., Ponath, A., Wiese, S.,
Kruse, N. & Rieckmann, P. (2002) A polymorphism in the human
cytotoxic T-lymphocyte antigen 4 (CTLA4) gene (exon 1+ 49)
alters T-cell activation. Immunogenetics, 54, 1.

Mayans, S., Lackovic, K., Nyholm, C., Lindgren, P., Ruikka, K.,
Eliasson, M., Cilio, C.M. & Holmberg, D. (2007) CT60 genotype
does not affect CTLA-4 isoform expression despite association to

T1D and AITD in northern Sweden. BMC Medical Genetics, 8, 3.

Mojtahedi, Z., Omrani, G.R., Doroudchi, M. & Ghaderi, A. (2005)
CTLA-4 +49A/G polymorphism is associated with predisposition
to type 1 diabetes in Iranians. Diabetes Research and Clinical
Practice, 68, 111.

Muro, M., Rojas, G., Botella, C., Miras, M., Campillo, J.A.,
Minguela, A., Sanchez-Bueno, E.,, Bermejo, J., Ramirez, P. &
Alvarez-Lopez, M.R. (2008) CT60 A/G marker of the 3-UTR
of the CTLA4 gene and liver transplant. Transplant Immunology,
18, 246.

CTLA4 polymorphisms in type 1 diabetes 195

Perez-Garcia, A., De la Camara, R., Roman-Gomez, J.,
Jimenez-Velasco, A., Encuentra, M., Nieto, ].B. et al. (2007)
CTLA-4 polymorphisms and clinical outcome after allogeneic
stem cell transplantation from HLA-identical sibling donors.
Blood, 110, 461.

Schneider, H., Downey, J., Smith, A., Zinselmeyer, B.H., Rush, C.,
Brewer, J.M., Wei, B., Hogg, N., Garside, P. & Rudd, C.E.
(2006) Reversal of the TCR stop signal by CTLA-4. Science,
313,1972.

Ueda, H., Howson, ]J.M., Esposito, L., Heward, J., Snook, H.,
Chamberlain, G. et al. (2003) Association of the T-cell regulatory
gene CTLA4 with susceptibility to autoimmune disease. Nature,
423, 506.

Zalloua, P.A., Abchee, A., Shbaklo, H., Zreik, T.G., Terwedow, H.,
Halaby, G. & Azar, S.T. (2004) Patients with early onset of type
1 diabetes have significantly higher GG genotype at position 49 of
the CTLA4 gene. Human Immunology, 65, 719.

© 2009 Blackwell Publishing Ltd, International Journal of Immunogenetics 36, 193-195




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


