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Linkage disequilibrium (association) analysis was used
to evaluate a candidate region near the CTLA4/CD28
genes using a multi-ethnic collection of families with
one or more children affected by IDDM. In the data set
unique to this study (Spanish, French, Mexican-
American, Chinese and Korean), the transmission/ dis-
equilibrium test (TDT) revealed a highly significant
deviation for transmission of alleles at the (AT) n
microsatellite marker in the 3 ′ untranslated region ( P =
0.002) and the A/G polymorphism in the first exon ( P =
0.00002) of the CTLA4 gene. The overall evidence for
transmission deviation of the CTLA4 A/G alleles is also
highly significant ( P = 0.00005) in the combined data set
(669 multiplex and 357 simplex families) from this study
and a previous report on families from USA, Italy, UK,
Spain and Sardinia. Significant heterogeneity was
observed in these data sets. The British, Sardinian and
Chinese data sets did not show any deviation for the
A/G polymorphism, while the Caucasian-American data
set showed a weak transmission deviation. Strong
deviation for transmission was seen in the three
Mediterranean-European populations (Italian, Spanish
and French) ( P = 10–5), the Mexican-American
population ( P = 0.002) and the Korean population ( P =
0.03). These results suggest that a true IDDM

susceptibility locus (designated IDDM12) is located
near CTLA4.

INTRODUCTION

Insulin-dependent diabetes mellitus (IDDM) is an autoimmune
disease characterized by the selective destruction of the insulin-
producing β cells in the pancreas. The development of the disease
is influenced by the interaction of a large number of susceptibility
genes and environmental factors. Two genomic regions have been
implicated in IDDM susceptibility by candidate gene analyses
using the case–control association approach. IDDM1 has been
localized to the HLA region which contains multiple IDDM
susceptibility genes (1–5). IDDM2 was mapped to the VNTR
locus at the 5′ end of the insulin gene (6,7). More recently, affected
sibpair analyses using random markers throughout the human
genome have suggested 11 additional regions that may contain
IDDM susceptibility genes (8–19). However, only three of the
newly mapped intervals have been replicated in multiple studies
and can be considered as confirmed linkage according to the
criteria for complex disease genes proposed by Thomson (10) and
Lander and Kruglyak (20). The confirmed intervals include
IDDM4 on 11q13 (8,9,13,14), IDDM5 at 6q25 (10,14,21), and
IDDM8 at 6q27 (13,14,21). Three other regions, namely IDDM11
on 14q (16), IDDM13 on 2q (18) and IDDM15 on 6q (19), showed
significant linkage but independent studies are required for their
confirmation. Preliminary indications of linkage for IDDM3 at
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15q26 and IDDM7 at 2q31 (11–13,22,23) were not confirmed in
a study of larger sample size (14).

Mapping complex disease genes is a challenge due to several
factors: (i) a large number of genes may be involved; (ii) each gene
may only account for a small percentage of the total familial
aggregation; and (iii) certain etiological mutations may not exist in
all ethnic groups or geographical populations (i.e. genetic
heterogeneity). Each of the recently confirmed IDDM genes may
explain only 5–10% of the total genetic contribution to IDDM. To
demonstrate the effect of such genes on a disease, many hundreds
of families are required. This is further complicated by
heterogeneity in different populations and/or ethnic groups.

CTLA4 and CD28 on chromosome 2q33 are likely candidate
genes for IDDM and other autoimmune diseases because of their
important role in the T-cell proliferative response. The functional
importance of these molecules in immune regulation has prompted
us to examine their role in IDDM. Nisticò et al. (17) reported
linkage and association evidence suggesting a susceptibility locus
(designated IDDM12) in the CTLA4/CD28 region. Evidence for
IDDM12 was found in Italian and Spanish populations but could
not be confirmed in UK and US Caucasian data sets. Although the
evidence from the Italian and Spanish data sets was highly
significant (P = 0.0001), the combined data of all families did not
provide sufficient evidence (P = 0.002) to confirm the existence of
IDDM12 (17). In addition, comparison of unrelated diabetic
patients and controls also revealed significant associations with the
CTLA4 A/G polymorphism in Belgian and German populations
(17,24). These results provided evidence supporting an IDDM
susceptibility gene in the CTLA4 region but also raised the question
of why the association is only found in some populations. Here, we
report highly significant associations between IDDM and two
CTLA4 polymorphisms in several populations as well as genetic
heterogeneity among various populations.

RESULTS

Allele sharing by affected sibpairs

A microsatellite marker in the 3′ untranslated region and the +49
A/G polymorphism in exon 1 of CTLA4 were genotyped for all
French, Spanish and Caucasian-American families with two
affected siblings (Table 1). Gene sharing by affected sibpairs was
calculated using the haplotype data derived from the CTLA4 A/G
and (AT)n polymorphisms. Analysis of these families revealed a
slight increase in haplotype sharing by affected sibpairs compared
to the randomly expected 50% distribution (Table 1). The
increase was, however, not statistically significant.

Transmission/disequilibrium (TDT) test of the CTLA4
+49 A/G alleles

The TDT was then used to evaluate the transmission of the two
alleles (A and G) at the +49 polymorphic site of CTLA4 in all
simplex and multiplex families that are unique to this study:
French (FR), non-overlapping Spanish (SP), Mexican-American
(MA), Korean and Chinese families (Table 2). The Mexican-
American families showed a significant increase of transmission
for the G allele (69.2%) from heterozygous parents to diabetic
offspring compared to the randomly expected 50% (P = 0.002).
The transmission of G allele in the French (59.7%) and Spanish
(63.6%) families is also higher than the random expectation even

though statistical significance is not reached due to small sample
sizes. In the Korean simplex families, there was a significant
increase in transmission of the G allele (76.5% and P = 0.03) and
this transmission rate of the G allele is the highest of all data sets
reported to date. In contrast, no such increase in transmission was
seen in the Chinese families (44.4%). In the overall data set
unique to this study, the transmission of the G allele was
significantly higher than random expectation (P = 0.00002).

The Caucasian-American (CA) families studied here signifi-
cantly overlap with the CA families studied in another report (17).
Similar to the results in the previous report, there was an increased
transmission (53.4%) of the G allele in the 301 Caucasian-Ameri-
can families studied here (Table 2); however, this deviation did
not reach statistical significance (P = 0.1). Nisticò et al. (17) also
reported significant increase of transmission of the G allele in the
Italian (IT) and Spanish families but not in the UK or Sardinian
families. We analyzed the combined data set (669 multiplex
families and 357 simplex families) from this study and the
previous report. The TDT revealed a significant increase of
transmission of the G allele in the overall data set (P = 0.00005).
It should be noted that genetic heterogeneity is clearly seen
among the study populations (Table 2). To better understand the
genetic heterogeneity, we combined various data sets according
to geographic/ethnic/genetic considerations. The three Mediter-
ranean-European (ME) populations (Italy, Spain and France)
revealed a highly significant increase in transmission of the G
allele (P = 10–5). The ME data was also combined with the
Mexican-American (MA) data set because the MA population is
an admixture of Spanish and Amerindian genes and most IDDM
genes in the MA population may be of Spanish origin (4). The
combined ME+MA data subset gave the strongest evidence for
association (10–7). It could be argued that the Sardinian (SAR)
data set should also be included in this group based on its
geographic proximity to the Italian mainland. However, the
Sardinian population appears to be genetically distinct from the
Italians, Spanish or French (25–27). Even when the Sardinian
data set is included, the ME-MA-SAR subset also gave highly
significant evidence for association (10–6).

Transmission/disequilibrium test of the CTLA4
microsatellite alleles

The CTLA4 microsatellite marker is extremely polymorphic and
contains a large number of alleles. We designate the alleles
according to the number of repeat units. For example, the smallest
allele contains 8 AT repeats and is referred to as allele 8. We have
evaluated the transmission of two common alleles (8 and 17) from
heterozygous parents to affected children in simplex and
multiplex families (Table 3). Allele 8 showed significantly
decreased transmission in the Mexican-American data set (P =
0.01), the Caucasian-American data set (P = 0.003) and the
combined data set (P = 0.0001). Allele 17 was transmitted
significantly more often than randomly expected in these data
sets. Most notably, the transmission deviation for allele 17 is
significant in the Mexican-American data set (P = 0.001). These
results are not unexpected since allele 17 is in strong linkage
disequilibrium with the G allele and allele 8 with the A allele (data
not shown). We also examined the transmission of a group of
alleles (alleles 24–33) which show linkage disequilibrium with
the A allele. No deviation from random transmission was
observed for any of these alleles.
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Table 1. Haplotype sharing by affected sibpairs for IDDM12

Data sets 1 ibd 0 ibd PHS P MLS

French (FR) 22 20 52.4 n.s. 0.0
Spanish (SP) 7 8 46.7 n.s. 0.0
Caucasian-American (CA) 245 209 54.0 n.s. 0.6
Total 274 237 53.6 n.s. 0.6

PHS = percent of haplotype sharing, MLS = maximum lod score, n.s., not significant.

Table 2 Transmission of the G allele from heterozygous parents to diabetic children

Data sets Transmitted (%) Not transmitted (%) P Ref.a

French (FR) 40 (59.7) 27 (40.3) n.s. 0

Spanish (SP) 14 (63.6) 8 (36.4) n.s. 0
Mexican-American (MA) 45 (69.2) 20 (30.8) 0.002 0
Korean 13 (76.5) 3 (23.5) 0.03 0
Chinese 8 (44.4) 10 (55.6) n.s. 0
Total (unique families)b 174 (62.8) 103 (37.2) 0.00002 0
Caucasian-American (CA) 304 (53.4) 265 (46.6) 0.1 0
SP and Italian (IT) 154 (62.3) 93 (37.7) 0.0001 1
UK 264 (51.0) 253 (49.0) n.s. 1
Sardinian (SAR) 46 (50.5) 45 (49.5) n.s. 1
ME (FR, SP and IT)c 208 (61.2) 128 (38.1) 10–5 0,1
ME and MAc 253 (63.1) 148 (36.9) 10–7 0,1
ME, MA and SARc 299 (60.8) 193 (39.2) 10–6 0,1
Unique + CA 478 (56.5) 368 (43.5) 0.0002 0
Grand total 888 (55.1) 724 (44.9) 0.00005 0,1

aReference: 0 = this study, 1 = Nisticò et al. (17).
bTotal (unique): total for families unique to this study (FR, SP, MA, Korean and Chinese). The results on Caucasian-American families are from this study but the
families significantly overlap with another report (17).
cME, Mediterranean-European.

Table 3. Transmission of the CTLA4 microsatellite markers from heterozygous parents to diabetic children

Data setsa Transmitted (%) Not transmitted (%) P

Allele 8

FR and SP 42 (42.4) 57 (57.6) n.s.
MA 17 (32.7) 35 (67.3) 0.01
Korean 5 (41.7) 7 (58.3) n.s.
Chinese 7 (53.8) 6 (46.2) n.s.
Total (unique families) 71 (40.3) 105 (59.7) 0.01
CA 234 (43.5) 304 (56.5) 0.003
Grand total 305 (42.7) 409 (57.3) 0.0001
Allele 17
FR and SP 29 (58.0) 21 (42.0) n.s.
MA 34 (73.9) 12 (26.1) 0.001
Korean 9 (39.1) 14 (60.9) n.s.
Chinese 12 (52.2) 11 (47.8) n.s.
Total (unique families) 84 (59.2) 58 (40.8) 0.002
CA 229 (53.3) 201 (46.7) n.s.
Grand total 313 (54.7) 259 (45.3) 0.02
Alleles 24–33
FR and SP 33 (54.1) 28 (45.9) n.s.
MA 10 (41.7) 14 (58.3) n.s.
Korean 4 (40.0) 6 (60.0) n.s.
Chinese 2 (28.6) 5 (71.4) n.s.
Total (unique families) 49 (48.0) 53 (52.0) n.s.
CA 185 (54.4) 155 (45.6) n.s.
Grand total 234 (52.9) 208 (47.1) n.s.

aAbbreviations for data sets are identical to Table 2.
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Table 4. CTLA4 +49 polymorphism genotype frequencies in IDDM and Graves diseasea

Genotypic frequencies Allelic frequencies

Population N AA (%) AG (%) GG (%) A G

IDDM

Caucasian:

Florida patientsb 244 83 (34.0) 119 (48.8) 42 (17.2) 0.584 0.416

Florida controls 274 97 (35.4) 142 (51.8) 35 (12.8) 0.613 0.387

Spanish patients 89 46 (51.7) 37 (41.6) 6 (6.7) 0.652 0.348

Spanish controls 57 23 (40.3) 29 (50.9) 5 (8.8) 0.658 0.342

Korean:

Patients 97 2 (2.1) 38 (39.2) 57 (58.8) 0.216 0.784

Controls 112 12 (10.7) 44 (39.3) 56 (50.0) 0.304 0.696

Chinesec:

TW patients 96 5 (5.2) 48 (50.0) 43 (44.8) 0.302 0.698

TW controls 191 19 (9.9) 68 (35.6) 104 (54.5) 0.277 0.723

SY patients 53 6 (11.3) 22 (41.5) 25 (47.2) 0.321 0.679

SY controls 94 6 (6.4) 39 (41.2) 49 (52.1) 0.271 0.729

BJ patients 31 6 (19.4) 12 (38.7) 13 (41.9) 0.387 0.613

BJ controls 94 10 (10.6) 41 (43.6) 43 (45.7) 0.324 0.676

Total Chinese:

Patients 180 17 (9.4) 82 (45.6) 81 (45.0) 0.322 0.678

Controls 379 35 (9.2) 148 (39.0) 196 (51.7) 0.288 0.712

Graves disease

SY patients 28 1 (3.6) 11 (39.3) 16 (57.1) 0.232 0.768

SY controls 94 6 (6.4) 39 (41.2) 49 (52.1) 0.271 0.729

aNo statistically significant difference was found between patient group and ethnically-matched control group in any of the comparisons.
bIncludes affected siblings from 60 families.
cTW, Taiwan; SY, Shen Yang; BJ, Beijing.

Case–control association analyses

To follow up the association evidence for IDDM12 in the
family-based studies, case–control association analyses were
carried out using a large collection of patients and ethnically-
matched controls from Florida, Spain, Korea, mainland China
and Taiwan (Table 4). Since the transmission of allele G was
increased in diabetic families, the frequencies for the G allele or
GG genotype are expected to be higher in diabetic patients
compared with ethnically-matched controls. In the Florida
Caucasian population, the frequencies of the GG genotype and G
allele were indeed increased in patients compared with controls,
but the increases were not statistically significant. However, the
percentages of increase in the Florida data set are very similar to
those reported in a large Belgian data set (17) and a German data
set (24). Surprisingly, there were no differences in the genotypic
or allelic frequencies between Spanish sporadic IDDM patients
and controls despite strong evidence for transmission deviation in
the Spanish IDDM families.

The frequencies of the G allele are much higher in the Korean
and Chinese populations than in Caucasian populations (Table 4).
The Korean data set revealed increased frequencies of the GG
genotype and the G allele in patients compared with controls;
however, the differences did not reach statistical significance. In
all three Chinese data sets, the frequencies of the GG genotype

and G allele were actually lower in IDDM patients compared with
ethnically- and geographically-matched controls. These results
are not consistent with the increased susceptibility effect on
IDDM by the G allele as suggested by family-based studies in
other populations. It is important to note that the differences were
again not statistically significant and may reflect random
variations.

We also analyzed the +49 A/G polymorphism in 28 patients
with Graves disease from Northern China. The GG genotype and
the G allele have higher frequencies in patients compared to
controls, consistent with several previous studies (17,24,28) in
Chinese and German populations. Even though the differences
did not reach statistical significance, our results are consistent
with a possible association between CTLA4 and Graves disease.

DISCUSSION

Association between IDDM and the CTLA4 polymorphisms has
now been detected in six different populations (Italian, Spanish,
French, Mexican-American, Caucasian-American and Korean)
using family-based association studies. The overall evidence for
association is highly significant in the combined data set from
these six populations (P = 10–6). However, significant associ-
ations were not found in a large data set of 284 UK families (17)
or in the small Chinese and Sardinian data sets. Even when these
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three data sets are included, the combined evidence for
association in a total of 1026 families (669 multiplex and 357
simplex) is still highly significant (P = 0.00005), providing strong
support for an IDDM susceptibility gene in the region
surrounding CTLA4. In addition to the family-based studies,
highly significant evidence for association was also reported in
two independent case–control studies, one in the Belgian
population (P = 10–5) (17) and the other in the German population
(P = 10–5) (24). In our case–control studies in the Florida
Caucasian and Korean populations, the increases of the GG
genotype and G allele in patients compared with controls are
consistent with the increase of transmission of the G allele from
heterozygous parents to diabetic offspring, even though statistical
significance was not reached. However, no evidence for
association between IDDM and CTLA4 was revealed in three
Chinese populations or in the sporadic IDDM cases from Spain.
Case–control studies are very sensitive to ascertainment of patient
and control subjects, as well as sample sizes. Such a study design
is not very powerful in detecting small differences between
patient and control populations unless a very large data set is
studied. Indeed, the differences in the frequency of the GG
genotype or G allele between patients and ethnically-matched
controls are small (5–10%) but very similar in the Belgian,
German, Korean and US Caucasian populations. Such a small
difference could well be due to random variation. However, we
believe that the observed associations may not be spurious
because the GG genotype and G allele consistently has a higher
frequency in patients than in controls in these populations. These
data suggest that family-based association studies are less
susceptible to sample bias and therefore should be the preferred
experimental design for association studies.

The overall data reported here and by Nisticò et al. (17) suggest
that IDDM12 is a true IDDM susceptibility locus. Among all
analyzed populations, only the UK data set had sufficient families
to confirm the lack of association between IDDM and CTLA4.
The sample sizes of the Sardinian and Chinese data sets were too
small for any definitive conclusions to be made at this stage. The
lack of association between IDDM and CTLA4 in the UK data set
may be explained by at least two hypotheses. First, linkage
disequilibrium patterns between the CTLA4 A/G polymorphism
and the IDDM12 etiological mutation may be different in the UK
population than those in the Mediterranean populations. In other
words, disequilibrium between CTLA4 A/G and the etiological
mutation may not be as tight in the UK population as in the Italian,
French and other populations. This hypothesis was first proposed
by Nisticò et al. (17) and remains to be tested. Second, the
IDDM12 etiological mutation may have either an extremely high
or low frequency (close to monomorphic) in the UK population
so that its susceptibility effect cannot be detected by genetic
studies. An example of such a situation is illustrated by the insulin
(INS) gene polymorphisms in IDDM. INS polymorphisms have
been associated with IDDM in many Caucasian populations
(6,29–34) but not in the Chinese population because the
frequency of the susceptible INS allele is ∼95% in Chinese
controls and close to 100% in Chinese IDDM (M. Marron and
J.X. She, unpublished data). In the case of IDDM12, comparison
of the Mediterranean, US and the UK populations appears to
suggest that the frequency of the IDDM12 mutation is very low
in the UK population. The high transmission rates of the
disease-associated CTLA4 alleles to diabetic offspring in the
Mediterranean populations (61.2%) may suggest that the

IDDM12 etiological mutation has a relatively high frequency in
those populations. The intermediate transmission rates of the
disease-associated alleles in the Caucasian-American data set are
consistent with an intermediate frequency of the IDDM12
mutation. This may be because the Caucasian-American
population is an admixture of descendants from the UK with a
low frequency of IDDM12 and Mediterranean-European
countries with a higher frequency of IDDM12. To test this
hypothesis, we analyzed a Mexican-American population and
observed a high transmission rate of the disease-associated
CTLA4 alleles. Since the Mexican-American population is an
admixture of Spanish and Amerindian genes, our results provide
supporting evidence for a Mediterranean-European origin of the
IDDM12 etiological mutation.

Our analyses and interpretation of the CTLA4 data provide an
excellent illustration of the difficulty in mapping complex disease
genes when there is genetic heterogeneity. Not only are a large
number of families required but a multi-ethnic approach is also
essential to identify all disease genes. If the Mediterranean
populations had not been analyzed, IDDM12 would have been
overlooked or excluded from further consideration. The lessons
learned here should be relevant to most, if not all, other complex
diseases.

IDDM12 was detected through TDT analysis, which only
yields positive results when significant linkage disequilibrium
exists between the marker and the disease gene. The data suggest
that IDDM12 must be very close to the CTLA4 gene based on the
degree of linkage disequilibrium in most of the human genome.
It has been shown that the maximum distance for linkage
disequilibrium to exist may be <2 cM. Linkage disequilibrium
between markers at distances as large as 1–2 cM may only occur
in regions with multi-gene families, such as the HLA region. For
most of the human genome, linkage disequilibrium in
non-isolated populations may exist only between markers within
a few hundred kb of DNA sequence (probably <300 kb) (35–37).
In some extreme cases, for example, the insulin gene region
(IDDM2), strong linkage disequilibrium only exists between
markers within a region of 4.5 kb of DNA (30). Therefore,
IDDM12 may be located in a region that is less than a few hundred
kb flanking CTLA4.

CTLA4 and CD28 are likely candidate genes for IDDM12
because of their role in the regulation of T cell activation.
Co-stimulation of CD28 by B7 in the presence of antigen-MHC
signaling through the TCR-CD3 complex leads to T cell
proliferation and production of IL-2 and CTLA4 expression.
CTLA4 plays a role in limiting the T cell proliferative response.
Gribben et al. (38) have suggested this may be through
antigen-specific induction of the apoptotic pathway. More recent
evidence suggests that signaling through CTLA4 may act to
down-regulate proliferative responses by inhibiting production of
IL-2, IL-2 receptor expression and progression of the cell cycle
(39,40). Disruption of the delicate balance between CD28 and
CTLA4 interactions with B7 could lead to autoimmune disease
by preventing apoptosis or down regulation of activated
self-reactive T lymphocytes (41).

Even though CTLA4 is the most likely candidate gene for
IDDM12, the etiological mutation has not been found. The exon
1 A/G polymorphism itself is an unlikely candidate because the
Thr/Ala substitution is not expected to affect the function of the
CTLA4 molecule. Furthermore, the lack of association with the
CTLA4 A/G polymorphism in the UK population provides direct



 

Human Molecular Genetics, 1997, Vol. 6, No. 81280

evidence that the A/G polymorphism is not the etiological
mutation. The microsatellite (AT)n repeat is located in the 3′
untranslated region and could affect mRNA stability. If the (AT)n
repeat is the etiological mutation, alleles in the same range of
repeat units would show similar transmission ratios. In our data
set, however, alleles with smaller repeat units (allele 8) are
transmitted less frequently, alleles within the middle range repeat
units (allele 17) are transmitted more often, while alleles in the
higher range of repeat units (alleles 24–33) did not show any
transmission deviation. These results suggest that the (AT)n
microsatellite is unlikely to be the IDDM12 etiological mutation.
Detailed physical and genetic mapping of the region surrounding
CTLA4 will be required for the identification of the IDDM12
etiological mutation.

MATERIALS AND METHODS

Subjects

Genomic DNA was obtained for 301 US Caucasian families
affected by IDDM (297 multiplex families with two or more
affected siblings and four simplex families with one affected
child). The US case–control data set included 246 IDDM patients
from Florida and 192 matched controls. The French data set
included 12 simplex and 32 multiplex families. The Spanish data
set included nine simplex and nine multiplex families as well as
89 unrelated patients and 57 controls. We have analyzed a total of
97 Mexican-American families (86 simplex and 11 multiplex)
ascertained by the investigators at the LAC/USC Medical Center
(4,5,42,43). The Chinese data set consisted of patients and
controls from three geographical regions. There were 96 patients
and 191 matched controls from Taiwan, 53 patients and 94
controls from ShenYang, and 31 patients and 94 controls from
Beijing. We also ascertained one multiplex and 30 simplex
Chinese IDDM families. Twenty-eight patients with Graves’
disease were obtained from ShenYang. The Korean population
consisted of 97 patients with IDDM, 112 matched controls, and
41 simplex families. All together, our data set includes 182
simplex and 350 multiplex IDDM families. All diabetic patients
used in this study were diagnosed using the criteria of the National
Diabetes Data Group (44). The clinical information on the
patients has been described in previous publications
(4,5,13,14,23,31,32,42,43,45).

Genotyping

The (AT)n microsatellite in the 3′ untranslated region of the
CTLA-4 gene was genotyped using radioactive labeling of PCR
primers and denaturing polyacrylamide gel electrophoresis as
previously reported (13,14,23). PCR was carried out using a
forward primer CTLA4–1 (5′-GCCAGTGATGCTAAAGGT-
TG-3′) and a reverse primer CTLA4–2 (5′-ACACAAAAACA-
TACGTGGCTC-3′). The CTLA4–1 primer was end-labeled
using [γ-32P]ATP and T4 polynucleotide kinase. PCR amplifica-
tions were performed on 20 ng of genomic DNA (prealiquoted
into a 96-well microtitre plate) in 12 µl reaction volume
containing 50 mM KCl, 10 mM Tris–HCl, pH 8.3, 1.5 mM
MgCl2; 60 µM of each dNTPs. Samples were subjected to 30
cycles of 30 s at 94�C for denaturing, 30 s at 58�C for annealing
and 30 s at 72�C for extension, using a Perkin-Elmer-Cetus 9600
thermal cycler. After PCR amplification, 2 vol of sequencing

loading solution [0.3% xylene cyanol, 0.3% bromophenol blue,
10 mM EDTA, pH 8.0 and 90% (v/v) formamide] were added.
The samples were then heated at 95�C for 10 min to denature
DNA and 2–4 µl were immediately loaded onto a 6% polyacryl-
amide DNA sequencing gel.

A 152 bp fragment containing the +49 A/G polymorphism in
exon 1 of CTLA4 was amplified using a forward primer
(CTLA4–5: 5′-AAGGCTCAGCTGAACCTGGT-3′) and a re-
verse primer (CTLA4–4: 5′-CTGCTGAAACAAATGAAA-
CCC-3′). The forward primer was designed with a single base
mismatch for the last nucleotide, which corresponds to the +47
position, to introduce a base change in the sequence of the PCR
product. The substitution creates a BstEII restriction site in the A
allele. Amplification was performed using similar conditions as
described for the microsatellite marker. Amplified products (12
µl) were incubated at 60�C overnight using 5 U of BstEII per
reaction. Digested products were electrophoresed on a 3.5%
agarose gel. The digested A allele yields a fragment of 130 bp and
the G allele yields an intact 152 bp fragment.

Data analysis

Data were first analyzed using affected sibpair methods which
compare the observed proportion of alleles shared by affected
sibpairs (identity by descent or ibd) to the random expectation.
Affected sibpairs are expected to share 50% of alleles in regions
that are not implicated in the disease. Significant increase of gene
sharing compared to the 50% random expectation would indicate
linkage. Deviation can be tested using a χ2 test of equal
expectation. Alternatively, maximum likelihood of odds score
(MLS) can be calculated using the equation of Risch (46),

T = N1 (log10 [N1/0.5N]) + N0 (log10 [N0/0.5N])
where N0 and N1 are the number of affected siblings sharing 0

and 1 alleles, respectively, and N is the total number of
informative meioses (N0 + N1).

Intrafamilial association studies were carried out using the
transmission/disequilibrium test (TDT) as described by Spielman
et al. (47). This method compares the number of times a given
allele or a group of alleles are transmitted from heterozygous
parents to diabetic offspring with the 50% random expectation. It
can be applied to multiplex as well as simplex families. It is
important to note that significant deviation is observed only when
the marker allele and the etiological mutation show significant
disequilibrium (association). Case–control association studies
were carried out for the genotype frequencies at the +49 A/G
polymorphic site using a 2 × 3 contingency χ2 test for the three
genotypes (AA/AG/GG).
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