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Introduction

Summary

Systemic sclerosis (SSc) is a complex and heterogeneous autoimmune disor-
der with a multi-factorial pathogenesis. Like other autoimmune disorders,
the possible role of specific cytotoxic T lymphocyte antigen-4 (CTLA-4) gene
polymorphisms in predisposing to SSc has been hypothesized, but it remains
controversial. CTLA-4 promoter (—318C/T) and exon 1 (+49 A/G) polymor-
phisms have been analysed in 43 Italian females with SSc and in 93 unrelated
matched healthy controls by a newly designed tetra-primer amplification
refractory mutation system—polymerase chain reaction (T-ARMS-PCR)
method. No significant association has been found with either polymorphisms.
Nevertheless, SSc patients without concomitant Hashimoto’s thyroiditis
(HT) were carrying both the —318T allele (P=0-031) and the +49 G allele
(P =0-076) more frequently than SSc patients with HT [defined by positivity
for anti-thyroperoxidase (TPO) and anti-thyroglobulin (TGA) autoanti-
bodies] than controls. Haplotype analysis confirms this association
(P =0-028), and suggests the predominant role of the —318T, whereas that of
the 449 G, if any, seems weak. Thus, in Italian SSc patients the CTLA-4
—318C/T promoter polymorphism appears to be associated with the suscep-
tibility to develop SSc without thyroid involvement. Larger studies are needed
to confirm these findings and to clarify whether the —318C/T polymorphism
is the functional responsible or whether it reflects the presence of another
linked genetic element in the same chromosomal region.

Keywords: CTLA-4, single nucleotide polymorphisms, systemic sclerosis,
T-ARMS-PCR, thyroiditis

factors play an important role in the development of disease
[4]. Among the genetic factors, the possible contribution of

Systemic sclerosis (SSc, scleroderma) is an autoimmune
disease characterized by various clinical features, including
progressive induration and thickening of the skin, microvas-
cular abnormalities (e.g. Raynaud’s phenomenon) and
fibrosis of multiple internal organs. SSc can be classified as
limited (1SSc) when it involves only the skin of distal
extremities and face, or as diffuse (dSSc) when it affects the
whole body surface. SSc is a rare disease with an estimated
incidence of 19 individuals per million per year and almost
exclusively affects women [1-3].

The pathogenesis of SSc is very complex and its aetiology
still unknown, although both environmental and genetic

certain human leucocyte antigen (HLA) class II alleles has
been reported [5], but no single major HLA allele predis-
poses to SSc in all ethnic groups [2] and some individuals
develop SSc in the absence of known predisposing alleles,
suggesting that other non-HLA loci might contribute to sus-
ceptibility to SSc. Recently, the cytotoxic T lymphocyte
antigen-4 (CTLA-4, CD152) gene has been pointed out as a
good candidate locus for susceptibility to SSc, as reported
widely for other autoimmune disorders [6].

CTLA-4 is a transmembrane homodimer glycoprotein of
about 40 kDa expressed transiently on activated CD4" and
CD8" T cells and constitutively on CD4" CD25" T regulatory
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cells, few non-lymphoid normal cells [7] and a variety of
neoplastic cells [8,9].

CTLA-4 behaves as a negative regulator of activation and
effector function of T cells by inhibiting interleukin (IL)-2
and interferon (IFN)-y production, IL-2 receptor expression
and cell cycle progression upon interaction with its ligands
CD80/CD86 expressed on antigen-presenting cells [7]. As
such ligands are shared with CD28, one possibility for
CTLA-4 action mechanism is ligand recruitment and pre-
vention of CD28-mediated positive T cell signalling [10].
However, other mechanisms have been reported, including
association with intracellular signalling molecules and direct
or indirect interference with T cell receptor (TCR) signalling
events [7].

The CTLA-4 gene maps on the 2q33 region and consists of
four exons. Polymorphisms of the CTLA-4 gene have been
identified in the promoter, exons 1 and 4, and in many dif-
ferent populations found to be associated with several
autoimmune diseases [11], including systemic lupus erythe-
matosus [12], Graves’ disease [13], insulin-dependent diabe-
tes mellitus [14], rheumatoid arthritis [15], myasthenia
gravis [16], multiple sclerosis [17] and coeliac disease [18].
Few studies have been reported on SSc and their results are
controversial [19-22].

In the present study, we investigated whether two CTLA-4
single nucleotide polymorphisms (SNPs) found commonly
to be associated with autoimmune diseases, located at posi-
tion =318 (SNP C/T) of the promoter region and at position
+49 (SNP A/G) of exon 1, respectively, were associated with
SSc in Italian patients. CTLA-4 genotyping was performed
by a simple and inexpensive SNP genotyping method,
tetra-primer amplification refractory mutation system—
polymerase chain reaction (T-ARMS-PCR), that amplifies
and discriminates both alleles of each SNP by a single tube
PCR reaction.

Materials and methods

Subjects

Forty-three consecutive unrelated Italian women suffering
from SSc (mean age 54 years; range 35—77 years) diagnosed
at the Department of Internal Medicine (University of
Genoa, Italy) between January 2003 and June 2004 and 93
sex- and age-matched healthy blood donor volunteers
(Transfusion Service, Galliera Hospital, Genoa, Italy) with
neither clinical evidence nor a family history of autoimmune
disorders have been enrolled in this study. Informed consent
was obtained from both patients and controls according to
institutional procedures. All patients were diagnosed on the
basis of clinical signs according to the American College of
Rheumatology (ACR) criteria [23]. According Le Roy’s clas-
sification of SSc subsettings [24], 17 patients were affected by
diffuse scleroderma and 23 patients by limited scleroderma.
Forty patients (three patients were lost to follow-up) were
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tested for the presence of specific autoantibodies by standard
methods: 15 were anti-Scl-70 positive, 18 were anti-
centromere positive and 37 were anti-nuclear (ANA)
positive. These patients were also tested for the presence of
other autoantibodies: anti-mitochondrial (AMA) antibodies
have been found in one patient and anti-RO/SSA (anti 60KD
ribonuclerprotein also known as ‘Sjogren’s syndrome A
antigen’) antibodies in four patients. In addition, anti-
thyroperoxidase (TPO) and anti-thyroglobulin (TGA) anti-
bodies were tested by an immunoenzymometric assay
(Radim Diagnostic, Rome, Italy): for anti-TPO normal and
elevated levels were <40 and > 75 U/ml, respectively; for
anti-TGA normal and elevated levels were <100 and
> 120 U/ml. Elevated levels of anti-TPO (> 230 U/ml) and of
anti-TGA (> 120 U/ml) antibodies have been found in 20
patients (positive), while in the remaining patients (nega-
tive) the levels were below the normal level (anti-
TPO < 40 U/ml and anti-TGA < 100 U/ml).

CTLA-4 genotyping by ARMS-PCR

Genomic DNA was extracted from 300 ul of peripheral
blood in sodium citrate using Puregene DNA Purification
System (Gentra Systems, Minneapolis, MN, USA).

The —318 C/T and +49 A/G SNPs (rs5742909 and
rs231775, respectively (available from NCBI at: http://www.
ncbi.nlm.nih.gov/SNP/index.html), have been genotyped by
the T-ARMS-PCR [25-27] that is able to identify both alleles
of a SNP by a single tube PCR reaction. In T-ARMS-PCR a
pair of common (outer) primers produces a non-allele-
specific control amplicon, and in combination with two
allele-specific (inner) primers (designed in opposite orien-
tation) produce allele-specific amplicons. The allele-specific
amplicons are of different lengths and can be separated easily
by standard gel electrophoresis, because the mutation is
located asymmetrically with respect to the common (outer)
primers.

The primers for the T-ARMS-PCR for —318 C/T and
+49 A/G polymorphisms were designed on the basis of the
published CTLA-4 sequence (GenBank accession no.
M74363). The primer sequences and the amplicon sizes are
reported in Table 1.

The PCR reaction (total volume 20 pul) contained 100 uM
deoxyribonucleoside triphosphate (ANTP), 1 U DNA poly-
merase AmpliTaq with its buffer (Applera Europe BV, Nieu-
werkerk aan den Ijssel, the Netherlands), 100 ng of genomic
DNA and the appropriate concentration of each primer (see
Table 1). The cycling conditions were 10 min at 95°C fol-
lowed by 35 cycles of 94°C for 30 s, annealing temperature as
in Table 1 for 30 s, 72°C for 30 s and a final cycle 72°C for
7 min. PCR products were separated by standard electro-
phoresis on 2-5% agarose gel containing ethidium bromide.

The T-ARMS-PCR procedures for both —318 C/T
and +49 A/G polymorphisms have been validated by analysis
of the same samples by two standard methods such as
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Table 1. Primers and conditions for the tetra-primer amplification refractory mutation system—polymerase chain reaction (T-ARMS-PCR) cytotoxic
T lymphocyte antigen-4 (CTLA-4) polymorphisms.

Conc® Amplicon
SNP Name! Primer sequences’ (uM) size (bp)* Ta®
-318 C/T 318Fo 5-CAATGAAATGAATTGGACTGGATG-3’ 0-5 K 296 58°C
318Ro 5-TGCACACACAGAAGGCTCTTGAATA-3’ 05 C 201
318Fi(C) 5-CTCCACTTAGTTATCCAGATCTTC-3’ 0-8 T 141
318Ri(T) 5"-ACTGAAGCTTCATGTTCACTCTA-3" 1-0
+49 A/G 49Fo 5-GTGGGTTCAAACACATTTCAAAGCTTCAGG-3" 0-25 K 229 62°C
49Ro 5-TCCATCTTCATGCTCCAAAAGTCTCACTC-3’ 0-5 A 162
49Fi(G) 5-GCACAAGGCTCAGCTGAACCTGGATG-3’ 2:0 G 120
49Ri(A) 5"-ACAGGAGAGTGCAGGGCCAGGTCCTAGT-3" 1-0

'F: forward; R: reverse. o: outer (common). i: inner (allele-specific). The nucleotide specificity is indicated in parentheses. 2GenBank sequence 1D
number M74363. Deliberate mismatches (shown in italics) have been introduced to increase the specificity of the allele-specific primers. *The
concentration (Conc) of each primer has been determined experimentally to increase specificity and to produce similar amplification of all amplicons.
*K size of the control amplicon (shown in italics). *Ta: annealing temperature. Cycling conditions are 10 min at 95°C followed by 35 cycles of 94°C for
30 s, Ta (see above) for 30 s, 72°C for 30 s and a final cycle 72°C for 7 min.

restriction fragment length polymorphism (RFLP)-PCR
[28] and direct DNA sequencing [17].

Statistical analysis

Deviation from Hardy—Weinberg equilibrium (HWE) was <K (29)

tested with Pearson’s y* test using the Finetti program
(http://ihg.gsf.de/cgi-bin/hw/hwal.pl). Association between
polymorphisms and disease status has been tested by using

<C (201)

%’ test or Fisher’s exact test, as appropriate, with software <T(141)

STATVIEW version 4-51 (Abacus concept for Mac OS 9-2:2).
Statistical significance has been accepted for any P < 0-05.

_318C>T
Results (5" UTR)

(b)

Genotyping of CTLA-4 promoter (—318 C/T) and exon
1 (+49 A/G) by T-ARMS—PCR

mw
We have analysed two CTLA-4 SNP polymorphisms at posi- 300bp>
tion =318 (C/T substitution) of the promoter region and at — ———
position +49 (A/G substitution) of exon 1 in 136 subjects (43 200 bp > -
female SSc patients and 93 age-matched healthy women) by —
a newly designed T-ARMS-PCR method (Fig. 1a for —318
C/T and Fig. 1b for +49 A/G). In order to validate the R
T-ARMS-PCR all samples were genotyped subsequently 100bp> = 2
using two independent and established methods, RELP-PCR
[28] and direct DNA sequencing [17]: the results were iden- +49A>G
tical to that obtained by the T-ARMS-PCR. No single dis- (exon 1)
crepancy was observed.

A/A AG G/G

<K (229)

<A (162)

<G (120)

Fig. 1. Tetra-primer amplification refractory mutation
system—polymerase chain reaction (T-ARMS-PCR) for cytotoxic T
Genotype frequencies of CTLA-4 —318 C/T and lymphocyte antigen-4 (CTLA-4) —318 C/T and +49 A/G.
+49 A/G polymorphisms in SSc patients and controls Representative analysis of each one of homozygotes and of one
heterozygote are shown for each polymorphism: (a) =318 C/T; (b)

The allele and the genotype frequencies of the =318 C/T and +49 A/G. mw: Molecular weight marker. Bands: K: non-allele-specific

the +49 A/G CTLA-4 polymorphisms in SSc patients (n = 43) control band; C: C allele-specific band; T: T allele-specific band; A: A
and in healthy controls (n=93) are reported in Table 2. allele-specific band; G: G allele-specific band. The number in
No deviation from the Hardy—Weinberg equilibrium was parenthesis by each band indicates the amplicon size in base pairs.
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Table 2. Frequencies of cytotoxic T lymphocyte antigen-4 (CTLA-4) =318 C/T and +49 A/G polymorphisms in systemic sclerosis (SSc) patients and in

healthy controls.

n (%) n (frequency)
Patients Controls Patients Controls
Genotypes (n=43) (n=93) P Alleles (2n=286) (2n=186) P
-318 C/T -318 C/T
c/C 31 (72-1) 71 (76-4) 0-34! C 74 (0-86) 161 (0-87) 0-992
cIT 12 (27-9) 19 (20-4) T 12 (0-14) 25 (0-13)
T/T 0 (0) 3(32)
HWE HWE
P=029 P=024
+49 A/G +49 A/G
A/A 18 (41-9) 53 (57) 0-22! A 59 (0-69) 141 (0-76) 0-24%
A/IG 23 (54-5) 35 (376) G 27 (0-31) 45 (0-24)
GIG 2 (4-6) 5 (5-4)
HWE HWE
P=011 P=0-80
Diplotypes —318 and +49 Haplotypes =318 and +49
CA/CA 11 (25-6) 36 (387) 0-39! —318C +49 A: CA 47 (0-55) 116 (0-62) 0-42!
CA/CG 18 (41-9) 30 (32:3) -318C +49 G: CG 27 (0-31) 45 (0-24)
CA/TA 7 (163) 14 (15-1) —318T +49 A: TA 12 (0-14) 25 (0-14)
CG/TA 5(11:6) 5 (5-4)
CGICG 2 (47) 5 (5-4)
TA/TA 0 (0) 3(32)
HWE HWE
P=0-33 P=067

HWE: Hardy—Weinberg equilibrium tested by Pearson’s % test (P < 0-05 indicates a lack of HWE). 'y test; “Fisher’s test.

observed for both polymorphisms either in SSc patients or in
healthy controls (Table 2). The allele and the genotype fre-
quencies in our healthy controls are similar to that reported
previously for healthy Italian population [28].

We found that SSc patients and healthy controls have
similar frequencies of alleles (Fisher’s test: —318 C/T,
P=0-99; +49 A/G, P = 0-24), of genotypes ()’ test: =318 C/T,
P =0-34; +49 A/G, P = 0-22) and of subjects carrying the less
common allele (—318T, 27-9% versus 23-6%, P =0-34 + 49 G,
59:1% versus 43%, P = 0-22) for both polymorphisms.

Haplotypes have been inferred based upon our study (this
and other unpublished series) and on previously reported
data [29,30]. Because of the strict linkage between the two
loci, only three of the theoretically four possible haplotypes
have been observed (—318C and +49 A: CA; —318C and +49
G: CG; —318T and +49 A: TA). Diplotype frequencies fitted
Hardy—Weinberg equilibrium in both patients and controls.
The frequencies of haplotypes () test, P = 0-42) and of their
combinations (diplotypes) (% test, P=0-39) are not statis-
tically different between patients and controls (Table 2).

Genotype frequencies of CTLA-4 —318 C/T and +49
A/G polymorphisms and serological characteristics of
SSc patients

SSc is a complex disease with high heterogeneity of clinical
manifestations and serological features; thus, we have

explored further the possibility that CTLA-4 polymorphisms
could be associated with some of these features. In the 40
patients for whom follow-up data were available, we found
no association of the two CTLA-4 polymorphisms with
positivity for tested autoantibodies (anti-Scl-70, anti-
centromere, ANA, AMA, SSA) (data not shown) but positiv-
ity for anti-TPO and anti-TGA antibodies. Positivity for
anti-TPO and anti-TGA antibodies defines a group of clini-
cally unusual SSc patients with the associate occurrence of
Hashimoto’s thyroiditis (HT). In our series 20 patients were
negative (SSc/HT-) and 20 were positive (SSc/HT+) for the
presence of anti-TPO and anti-TGA antibodies. Genotype
frequencies according to positivity for anti-TPO/TGA anti-
bodies are reported in Table 3. No statistically significant
deviation from the Hardy—-Weinberg equilibrium was
observed for both polymorphisms either in SSc/HT- or in
SSc/HT+ patients (Table 3).

Comparison of these two groups of patients has shown
that the frequency of subjects carrying the less common
allele (mutant) —318T (genotypes C/T and T/T: T+) is sig-
nificantly higher in SSc/HT— patients (45%) than in both
SSc/HT+ patients (10%) and healthy controls (23%) () test,
P =0-034). Pairwise comparison of SS¢/HT— with SSc/HT+
patients has confirmed this significant difference [Fisher’s
test, P =0-031; odds ratio (OR) = 7-36; confidence interval
(CI) 95%: 1-34-40-55], and has shown a trend towards a
significant difference between SSc/HT— patients and healthy
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Table 3. Frequencies of cytotoxic T lymphocyte antigen-4 (CTLA-4) —318 C/T and +49 A/G polymorphisms in systemic sclerosis (SSc) patients

according to anti-thyroperoxidase (TPO) and anti-thyroglobulin (TGA) status.

n (%)
CTLA-4 HT- HT+ Controls
genotypes (n=20) (n=20) (n=93) P!
-318 C/T
c/C 11 (55%) 18 (90%) 71 (76-4%) 0-060
C/T 9 (45%) 2 (10%) 19 (20-4%)
T/T 0 (0%) 0 (0%) 3 (32%)
HWE HWE HWE
P=0-19 P=0-81 P=024
T-allele
T— (C/C) 11 (55%) 18 (90%) 71 (76:3%) 0-034
T+ (C/T, T/T) 9 (45%) 2 (10%) 22 (23:7%)
+49 A/G
A/A 6 (30%) 9 (45%) 53 (57%) 0-23
A/G 13 (65%) 10 (50%) 35 (37-6%)
G/G 1 (5%) 1(5%) 5 (5-4%)
HWE HWE HWE
P=0-08 P=0-39 P=0-80
G-allele
G- (A/A) 6 (30%) 9 (45%) 53 (57%) 0-076
G+ (A/G, G/G) 14 (70%) 11 (55%) 40 (43%)

HWE: Hardy—Weinberg equilibrium tested by Pearson’s % test (P < 0-05 indicates a lack of HWE). 'y* test. HT—: SSc patients anti-TPO/TGA). HT+:

SSc patients positive for anti-TPO/TGA.

controls (Fisher’s test, P=0-094; OR = 2-64; CI 95%: 0-97—
7-19). The frequencies of T+ subjects are similar in SSc/HT+
patients and healthy controls (Fisher’s test, P = 0-24).

In addition, 70% of SSc/HT— patients carry the less
common allele (mutant) +49 G (genotypes A/G and G/G:
G +): this frequency is higher, but not significantly, than that
observed in both SSc/HT+ patients and healthy controls
(55% and 43%, respectively () test, P = 0-076). In particular,
the frequency of G+ subjects is significantly higher in SSc/
HT- patients than healthy controls (Fisher’s test, P = 0-047;
OR =3-09; CI1 95%: 1-09-8-75), while there are no significant
differences between SSc/HT— and SSc/HT+ patients
(Fisher’s test, P=0-51) and between SSc/HT+ patients and
healthy controls (Fisher’s test, P = 0-46)

Haplotype and diplotype frequencies of CTLA-4 —318
C/T and +49 A/G polymorphisms in SSc/HT- and
SSc/HT+ patients

The frequencies of haplotypes and of diplotypes have been
analysed within the two groups of SSc patients with respect
to healthy controls. The frequencies of diplotypes in all three
groups fitted the Hardy—Weinberg equilibrium (Table 4).
Haplotype frequencies are significantly different in SSc/
HT—, SSc/HT+ and healthy control groups ()* test:
P =0-043); in fact, the more rare TA haplotype is more fre-
quent in SSc/HT— patients (23%) than in SSc/HT+ patients
and in healthy controls (5% and 14%, respectively), the CA
haplotype is more frequent in SS¢/HT+ patients and in

healthy controls (65% and 62%, respectively) than in SSc/
HT- patients (40%), while the frequency of the CG haplo-
type appears to be similar (37% in SSc/HT—; 30% in SSc/
HT+ ; 24% in healthy controls) in all three groups.

In addition, analysis of the diplotypes has shown a signifi-
cant difference in the frequency of individuals carrying both
the mutant alleles (-318T and +49 G: T+/G+), only the
—318T (T+/G-), only the +49 G (T—/G+) and none of them
(T—/G-): y* test, P=0-028 (Table 4). In fact, T+/G+ and
T+/G— individuals are much more frequent in SSc/HT-
patients (20% and 25%, respectively) than in SSc/HT+
patients (5% and 5%, respectively) and in healthy controls
(5-4% and 18-3%, respectively), T—/G— individuals are more
frequent in SSc/HT+ patients and in healthy controls (40%
and 38-6%, respectively, versus 5% in SSc/HT—-), while the
frequency of T—/G+ is similar in the thee groups (HT—: 50%;
HT+ : 50%; controls: 37-7%). Pairwise comparison has con-
firmed the significant difference of frequencies of these
diplotype combinations of SS¢/HT— patients in the respect
of SSc¢/H+ patients and of healthy controls ()’ test: P = 0-019
and P=0-011, respectively), while they are not different
between SSc/HT+ patients and healthy controls () test:
P=0-48).

Discussion

CTLA-4 is a negative regulator of the immune response that
provides a basal level of immune suppression. The activation
state of T cells plays an important role in the complex
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Table 4. Frequencies of haplotypes and diplotypes of cytotoxic T lymphocyte antigen-4 (CTLA-4) —318 C/T and +49 A/G polymorphisms in systemic

sclerosis (SSc) patients according to anti-thyroperoxidase (TPO) and anti-thyroglobulin (TGA) status.

n (frequency)

HT- HT+ Controls
(2n = 40) (2n = 40) (2n=186) P
Haplotypes
-318C+49 A: CA 16 (0-40) 26 (0-65) 116 (0-62) 0-043!
~318C +49 G: CG 15 (0:37) 12 (0-30) 45 (0-24)
—318T +49 A: TA 9 (0-23) 2 (0-05) 25 (0-14)
n (%)
HT-? HT+ Controls
Diplotype combinations (n=20) (n=20) (n=93) P
T+G+ 4 (20) 1(5) 5 (5-4) 0-028!
CG/TA 4 (20) 1(5) 5(54)
T+G- 5 (25) 1(5) 17 (18-3)
CA/TA 5(25) 1(5) 14 (15-1)
TA/TA 0 (0) 0 (0) 3(3-2)
T-/G+ 10 (50) 10 (50) 35 (37+7)
CA/CG 9 (45) 9 (45) 30 (32:3)
CG/CG 1(5) 1(5) 5 (54)
T-/- 1(5) 8 (40) 36 (38:6)
CA/CA 1(5) 8 (40) 36 (38:6)
HWE HWE HWE
P=011 P=0-81 P=0-67

HWE: Hardy—Weinberg equilibrium tested by Pearson’s %? test (P < 0-05 indicates a lack of HWE). HT —: SSc patients negative for anti-TPO/TGA.
HT+: SSc patients positive for anti-TPO/TGA. In plain text are indicated diplotypes. Bold type indicates the combinations of diplotypes according the
presence of both the mutant alleles (—318T and +49 G: T+/G+), only the —=318T (T+/G—), only the +49 G (T —/G+) and none of them (T —/G-). '%? test;
% test: HT — versus HT+, P=0-019 and HT — versus controls, P = 0-011. *y* test: HT+ versus controls—, P = 0-48.

pathogenesis of systemic sclerosis (SSc). Thus, it is possible
that polymorphisms affecting CTLA-4 expression and/or
function could affect susceptibility to SSc. Indeed, several
studies have reported the association of specific CTLA-4
gene polymorphisms with a variety of autoimmune disor-
ders [6,11] but only few controversial studies have investi-
gated a possible association with SSc.

The association of SSc with +49 A/G but not with —318
C/T has been reported in African American patients [20] and
in Japanese patients with anti-RNP autoantibodies [22],
whereas the association with —318 C/T but not with +49 A/G
has been reported in Caucasian patients from Iran [19,21].
We found no significant association of SSc with either —318
C/T or +49 A/G polymorphisms in 43 Italian women suffer-
ing from SSc compared to 93 age-matched healthy women.

Various factors could explain these discrepancies: for
instance, differences in genetic background. In fact, the allele
frequencies of both polymorphisms for healthy controls
reported in these studies are quite different: in our controls
the frequency of —318T is 13% and of +49G is 24%, com-
pared to 3-6% and 36-4% in Caucasian (Iran) [19,21], 1-5%
and 21-2% in African Americans [20], 5-7% and 37% in
Caucasian (USA) [20] and 12:6% and 66:8% in Japanese
patients, respectively [22]. Differences in the definition of
SSc are possible but unlikely, because all these studies refer to

the ACR clinical criteria [23]. However, as SSc is a complex
and heterogeneous disease, it is possible that each study
includes variable proportions of patients with different bio-
logical backgrounds, such as the association with other
autoimmune diseases that could be affected differentially by
genetic factors. In keeping with this, the association with
CTLA-4 +49 A/G polymorphism has been reported only in
Japanese SSc patients positive for anti-RNP autoantibodies
[22]. Indeed, in our SSc patients the positivity of anti-TPO
and anti-TGA autoantibodies (but no other serological char-
acteristics) was associated significantly with CTLA-4
polymorphisms. The positivity for these autoantibodies
defines an unusual, and not infrequent, group of SSc patients
suffering from concomitant HT [31].

A significant association of the CTLA-4 —318 C/T, in
terms of T positive genotypes, was observed in SSc patients
without HT (HT-) with respect to both SSc patients with
HT (HT+) and healthy controls (P = 0-034). In fact, the fre-
quency of patients carrying the more rare —318T allele is
significantly much higher in HT— than HT+ SSc patients
(P=0-031). This observation is supported further by the
finding that the haplotype TA (=318T and +49A), the unique
haplotype containing the —318T allele, is significantly more
frequent in HT— SSc patients than in HT+ SSc patients and
in controls (P = 0-043).
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With respect to the CTLA-4 +49 A/G, an association was
apparently present with the G positive genotypes (HT—
versus controls: P =0-047). However, the frequency of hap-
lotype CG (-318C and +49G), the unique haplotype
containing the +49G allele, is similar in all three groups
(Table 4) suggesting that the weak, if any, association of the
+49 G allele with HT— SSc patients is due mainly to indi-
viduals carrying both TA and CG haplotypes. In fact, diplo-
types containing the haplotype TA (CG/TA and CA/TA) are
more frequent in HT— SSc patients, whereas diplotypes con-
taining only the haplotype CG (CA/CG and CG/CG) have
similar frequencies in all three groups (Table 4).

Our finding of an association of the =318 C/T polymor-
phism with SSc patients who are not co-affected with HT
may not be surprising, if we consider that the role of CTLA-4
polymorphisms in the pathogenesis of HT is controversial
[32] and that +49 A/G polymorphism does not play a role in
susceptibility to HT in Italian patients [33]. We cannot rule
out that CTLA-4 polymorphism protects from thyroiditis
per se. However, it is reasonable to infer that in the Italian
population such CTLA-4 polymorphisms may increase the
risk of developing SSc and, on the other hand, may protect
from the development of a concomitant HT. Indeed, the
observation that our SSc patients carrying TA haplotypes are
less prone to suffer from HT is in keeping with the recent
report that the lowest levels of anti-TPO autoantibodies
among patients with HT are present in patients with the TA
haplotypes [30].

The functional effects of the CTLA-4 —318 C/T promoter
polymorphism have not yet been elucidated completely.
However, it is likely that it affects CTLA-4 transcription by
altering a putative binding site for the transcription factor
LEF1 [13,34]. In particular, —318T up-regulates CTLA-4
transcription, resulting in an increased expression of both
CTLA-4 isoforms: the soluble (sCTLA-4) and membrane-
bound (mCTLA-4) isoforms [35]. It has been suggested that
the increased serum levels of sSCTLA-4, produced by resting
T cells, could reduce CTLA-4 inhibitory function by com-
peting with mCTLA-4 for binding to CD80/CD86 ligands on
antigen-presenting cells [32]. It is possible that this mecha-
nism underlies the association between such group of SSc
patients without HT and CTLA-4 —318 C/T polymorphism.
Indeed, high serum levels of sSCTLA-4 have been reported in
SSc patients [36].

The T-ARMS-PCR methodology, developed for this
study, has provided a rapid, reproducible and cost-effective
genotyping of both -318 C/T and +49 A/G CTLA-4
polymorphisms. It is noteworthy that this simple PCR tech-
nique allows the genotyping of a large number of samples
without requiring any special equipment.

In conclusion, in Italian SSc patients the CTLA-4 —318
C/T promoter polymorphism appears to be associated with
the susceptibility to develop SSc without thyroid involve-
ment, whereas association with the +49 A/G is weak, if any.
Larger epidemiological studies on fully clinical and

serological characterized patients are needed to confirm
definitively these findings. In addition, this kind of study
would clarify whether the =318 C/T polymorphism is the
functional responsible for this association or whether it is
only a tag of another strictly linked polymorphism present in
the same genomic region [29,37].
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