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Systemic sclerosis (scleroderma; SSc) is a general-
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Systemic sclerosis (SSc) or scleroderma is a general-
zed disorder of connective tissue. The etiology is
oorly understood; however, both genetic and envi-
onmental factors have been implicated. To investi-
ate the disease-susceptible gene for SSc, we exam-
ned the association of the disease with a gene
COL1A2) for type I collagen, which accumulates ex-
essively in the affected organs. The COL1A2 gene
ontaining a specific combination of the two dinucle-
tide repeats, repeat-haplotype, is involved in the reg-
lation of gene expression. Homozygotes for a 5*-

CA)13CGCACA(CG)6(CA)8 -(GT)12 -3* were found
ith significantly higher frequency (P 5 0.029, relative

isk, RR > 6.93) in SSc patients than in controls, and
ssociation was prominent (P 5 0.0042, RR > 32.0) in
he male patients positive for SSc-specific antinuclear
ntibodies (ANAs). This repeat-haplotype showed the
ighest stimulative activity for the transcription of
he COL1A2 promoter among the reporter gene con-
tructs tested. The results indicate that a portion of
he patients having a specific dinucleotide repeat-
aplotype homozygously and expressing the ANAs
ave a significantly higher risk for SSc than those

ndividuals with other combinations of the repeat-
aplotypes. © 2000 Academic Press

Key Words: scleroderma; etiology; dinucleotide
epeats.

The nucleotide sequence data of the region of COL1A2 gene ap-
eared in the DDBJ, EMBL, and GenBank nucleotide sequence
atabases under Accession No. AB004317.
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zed disorder of connective tissue characterized by fi-
rosclerosis and degenerative changes in the skin, sy-
ovium, muscles, and certain internal organs, notably
he gastrointestinal tract, lung, heart, and kidney (1).
lthough there are occasionally inflammatory changes

n the early stage of the disease, the hallmark of the
isease is skin thickening caused by excessive accumu-
ation of connective tissue dominated by type I colla-
en, which is encoded by COL1A1 and COL1A2 genes.
he etiology of SSc is unknown however, both genetic
nd environmental factors have been implicated. Ge-
etic contributions from the major histocompatibility
omplex or HLA region have recently been established,
specially between SSc-specific autoantibodies and
LA-DQ and DR genes (2, 3).
Other genes contributing to the disease susceptibil-

ty have not been identified, but their presence is sug-
ested by data from animal models of SSc (4, 5). SSc
arely occurs in more than one member of a family;
owever, a number of such kindreds have been re-
orted (6, 7). Furthermore, the pattern of inheritance
uggests that SSc may result from multigenic effects
imilar to those in other autoimmune diseases (3). Ge-
etic mapping of the disease susceptibility genes in SSc

s difficult because of its infrequent familial clustering,
nd potential genetic heterogeneity (3, 7, 8). Recently
he association of microsatellite markers near the
brillin 1 gene of human chromosome 15q with SSc
as reported in a Native American population residing

n southeastern Oklahoma and having a high preva-
ence of SSc (8), even though the pathophysiological

eaning of the association is not known.
We have been investigating the regulational mecha-

isms of type I collagen, which is the most abundant



protein in our body and also the predominant protein
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eposited in the fibrosclerotic tissue. Production of type
collagen is regulated by multiple steps, among them

ranscriptional regulation is the most important one
9, 10).

Recently we found two polymorphic dinucleotide re-
eats (microsatellites) in the presumptive transcrip-
ional regulatory region of the type I collagen a2 chain
COL1A2) gene, which is located on human chromo-
ome 7q21.3-22.1 (11). One was found in the 59-
anking region of the gene (upstream repeat) and was
omposed of poly(dC-dA) and poly(dC-dG), whereas the
ther occurred in the 1st intron (intron repeat), and
onsisted of poly(dG-dT). These dinucleotide repeats
re not just markers of the gene but are also functional,
ecause the co-presence of the two dinucleotide re-
eats, but not either repeat alone, has an enhancing
ctivity on transcription of the COL1A2 gene as ob-
erved from transient transfection experiments of the
onstructs containing one or both of dinucleotide re-
eats. In addition, the variety in the number of repe-
itions is partly responsible for the difference in the
ranscription activity of the gene (12). Here we inves-
igated the possible association of certain combinations
f the two dinucleotide repeats, or repeat-haplotypes,
ith SSc to find the genetic background of the disease.

ATERIALS AND METHODS

Patients and controls. Twenty-three male and 70 female SSc
atients who satisfied the American College of Rheumatology (ACR;
ormerly the American Rheumatism Association) preliminary clas-
ification criteria for SSc (13) were studied. For controls, we selected
09 healthy volunteers (12). We also investigated 91 patients with
poradic dilated cardiomyopathy (DCM) as non-SSc patients.

Antinuclear antigen assays. Antinuclear antibodies were exam-
ned by an indirect immunofluorescence assay using HEp-2 cells as a
ubstrate. Individual antibody titers were further determined by an
nzyme-linked immunosorbent assay using recombinant antigens
MBL, Nagoya). In some of the patients the presence of anti-DNA
opoisomerase I (anti-topo I) antibody was also identified by a double
mmunodiffusion method using rabbit thymus as an antigen, and
as confirmed by immunoprecipitation of 35S-labeled HeLa cell
xtracts as described previously (14).

Analysis of polymorphisms in the two dinucleotide repeats.
enomic DNA samples were obtained from peripheral leukocytes by

he standard sodium dodecyl sulfate-protease K digestion followed
y phenol-chloroform extraction (12). Length polymorphism at the
inucleotide repeat regions was examined by electrophoresis of poly-
erase chain reaction (PCR) fragments on 10% denatured polyacryl-

mide sequencing gels (12). PCR was performed with an Expand
igh Fidelity PCR kit (Roche Diagnostics K.K., Tokyo). The first
enaturation step (95°C for 5 min) was followed by 30 cycles, each of
5°C for 30 sec, 60°C for 30 sec, and 72°C for 1 min. Primers were
omposed of a part of the sequence of the COL1A2 gene (capital
etters) and an additional sequence (lower case letters; bold letters
ndicate recognition sequence of restriction enzymes) for subsequent
loning. H49h1A2S (59-gcggtaccTCATGGGGACCTTAGGC-39) and
126h1A2A (59-gcggtaccTCTTGGGATGGCATTCC-39) were used

or amplification of the PCR fragment including the upstream
epeat. Similarly, H101h1A2S (59-gcaagcttCCACCCACACAGCA-
GG-39) and H134h1A2A (59-gcgagctcTAAAAGTGAATGAAGG-
37
epeat could be expressed generally by the formula 59-(CA)l

GCACA(CG)m(CA)n-39. Here, the alleles observed in this repeat
ould be expressed as (l, m, n). On the other hand, polymorphism of
he intron repeat was restricted to the repetition number of the
imple repetitive sequence, GT, so this repeat could be expressed as
9-(GT)x-39.
Repeat numbers of some samples including all homozygotes of

aplotypes were confirmed by direct sequencing. PCR fragments
ncluding either of the dinucleotide repeat regions were amplified,
nd used as a template for subsequent direct sequencing (12).

Transfection experiments. Cell culture and DNA transfection
ere performed as described previously (12). In brief, human fibro-
lasts were co-transfected with firefly luciferase constructs contain-
ng COL1A2 promoter region and seapansy luciferase by use of
uGENE 6 reagents (Roche Diagnostics K.K., Tokyo), and relative

uciferase activities were expressed as a percentage of constructs
howing the lowest activity. Mean 6 SD values for eight dishes from
wo independent experiments were calculated.

Statistical analysis. Haplotypes composed of the combination of
pstream and intron repeats were determined by use of the linkage
isequilibrium values determined previously (12). The strength of
he statistical association between SSc and microsatellite haplotypes
n the COL1A2 gene was expressed by relative risk (RR), calculated
y the method of Woolf (15). When the case number was null, unity
as used to calculate RR. The statistical significance was examined
y Chi-square test with Yates’ correction. Fisher’s exact probability
est was used for comparison between groups, when the case number
n any given cell was less than 5. Significance was defined as a P
alue of less than 0.05.

ESULTS

aplotype Frequency of the COL1A2 Gene

To investigate the possible disease susceptible gene
or SSc, we examined the association of the disease
ith various combinations (repeat-haplotypes) of mic-

osatellites that showed combination-dependent tran-
criptional stimulation of the COL1A2 gene (12). When
e compared the frequencies of repeat-haplotypes,

hat is, specific combinations of upstream and intron
epeats, we found 3 homozygotes of the (13,6,8)-12
aplotype among 93 patients but none in 209 controls.
he relative frequency of the homozygote in the pa-
ients was significantly higher than that in the healthy
ontrols, 0.032 versus 0.00, P 5 0.029, RR . 6.93
Table 1). The statistical significance of the association
etween the homozygote of this haplotype with the
isease was increased, when the frequency of this
aplotype in the patient group positive for ANAs,
nti-DNA topo-isomerase I antibody, anti-centromere
ntibody, or anti-U1-ribonucleoprotein antibody, was
ompared with that for the controls, from P 5 0.029 to

5 0.014. The highest association between the ho-
ozygote and SSc was observed with male patients

ositive for the ANAs, the relative frequency was 0.133
ersus 0.00, P 5 0.0042, RR . 32.0 (Table 1). We also
nalyzed a similar number (91 cases) of non-SSc pa-
ients, i.e., patients with dilated cardiomyopathy (Akai
t al., unpublished data); but again there was no ho-
ozygote of the haplotype. Thus P value was further
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ecreased and RR for the disease was increased when
he values were compared between male SSc patients
ositive for the ANAs and non-SSc subjects.
This association indicates that the COL1A2 gene

tself is a disease gene and not reflection of a simple
inkage-disequilibrium between the microsatellite and
he disease because we could only find lower associa-
ion (upstream repeats) or no association (intron re-
eats) of either of the repeats, which constitute the
aplotype, with the disease (Table 1).

ranscriptional Activity of the Constructs Containing
COL1A2 Gene Fragments

The rates of transcriptional stimulation of the
OL1A2 gene were different depending on the combi-

Association of Homozygous Repeat-Haplotypes (Fun
with Systemic

Haplotype
(l,m,n)-x

Healthy controls
(N 5 209*1)

SSc
(N 5 93)

otal 36 (0.172*3) 12 (0.129)
*4 0.437
R*5 0.711

14,6,8)-17
requency 25 (0.120) 6 (0.065)

0.206
R 0.505

15,7,8)-12
requency 11 (0.052) 3 (0.032)

0.326
R 0.600

14,6,8)-171
15,7,8)-12
requency 36 (0.172) 9 (0.097)

0.127
R 0.510

13,6,8)-12
requency 0 (0) 3 (0.032)

0.029#

R .6.93

pstream repeat
l,m,n) 5 (13,6,8)
requency 2 (0.010) 4 (0.043)

0.075
R 4.63

ntron repeat
x) 5 12
requency 51 (0.245) 26 (0.280)

0.625
R 1.19

*1 Number of subjects examined in each group.
*2 SSc patients positive for anti-DNA topoisomerase I antibody, a
*3 Frequency relative to total number of subjects.
*4 P values were calculated by Chi-square analysis with Yates’ corr

umber in any given cell was less than 5.
*5 Relative risk (RR) was calculated by the method of Woolf. Unity
# Significantly different from controls.
38
ations of the repeats or repeat-haplotypes (12). Thus
e compared the rates of stimulation and the relative

requency of homozygotes for other repeat-haplotypes
ound in patients positive for the ANAs to those in
ontrols.
The frequency of the homozygous individuals having

he haplotype (13,6,8)-12 was significantly higher in
ale SSc patients positive for the ANAs than in the

ontrols, and these individuals had a high risk factor
Fig. 1). A smaller portion of the ANAs positive male
atients had haplotypes showing the lower transcrip-
ional stimulation activities indicated a lower relative
requency (0.133) than the controls (0.172), though the
ifference was not significant (P 5 0.53, Fig. 1). Thus
he RR of the homozygous subjects further increased
or SSc than that of the subjects containing the haplo-

onal Microsatellites) in the Human COL1A2 Gene
lerosis (SSc)

SSc (TCR1*2)
(N 5 68)

SSc (male)
(N 5 23)

SSc (male) (TCR1)
(N 5 15)

10 (0.147) 5 (0.261) 4 (0.266)
0.766 0.380 0.189
0.829 1.330 2.130

4 (0.059) 3 (0.130) 2 (0.133)
0.111 0.549 0.565
0.458 1.098 1.126

3 (0.044) 0 (0) 0 (0)
0.536 0.308 0.458
0.831 0 0

7 (0.103) 3 (0.130) 2 (0.133)
0.238 0.435 0.515
0.551 0.721 0.739

3 (0.044) 2 (0.087) 2 (0.133)
0.014# 0.0095# 0.0042#

.9.60 .19.81 .32.00

4 (0.058) 2 (0.087) 2 (0.133)
0.034# 0.050 0.023#

6.44 9.81 15.85

22 (0.323) 7 (0.304) 5 (0.333)
0.266 0.713 0.651
1.47 1.35 1.54

centromere antibody, or anti-U1 ribonucleoprotein antibody.

ion, and Fisher’s exact probability test was employed when the case

s tentatively used when the case number in any given cell was null.
cti
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ypes with the lower transcriptional stimulation rates,
rom .32.0 to .43.2 (Fig. 1).

ISCUSSION

Recently, it was shown that microsatellites are not
erely markers for genes but also have some physio-

ogical functions such as regulation of gene expression
16). This is true for the human COL1A2 gene. We
ecently found that the co-presence of two dinucleotide
epeats near the transcriptional start site of the gene,
ut not either alone, enhanced transcriptional activity
f COL1A2 gene (12). Here we investigated the possi-
le association of these repeats with SSc and found
hat homozygotes of a specific combination of the re-
eats, (13,6,8)-12 were predominantly found in the
ale patients expressing ANAs.
Higher association of the homozygotes with the dis-

ase than the heterozygotes suggests that the effect is
henotypically recessive. The increase in significance
f the association with the disease those among pa-
ients positive for ANAs suggests that the induction of
mmunological disturbance such as production of auto-
ntibodies may be closely related to the development of
he disease in association with the COL1A2 haplotype.
t is reported that the expression of ANAs such as
nti-topo I antibody is partly predetermined by HLA
aplotypes (2, 3), suggesting susceptibility to the dis-
ase is determined by a combination of different genes,
n this case COL1A2 gene and HLA genes.

FIG. 1. Relationship between frequency of homozygous haploty
ctivity was measured by luciferase activity after transfection of hu
ale patients positive for the ANAs. (*3) Subjects containing haploty

omozygous for the haplotype (13,6,8)-12. P 5 0.0042 (*5) Relative r
hen the case number in any given cell was null.
39
In a population of full-blooded Choctaw Native
mericans, who are relatively genetically homoge-
eous, a high prevalence of SSc was found only in the
esidents of southeastern Oklahoma counties (8), sug-
esting environmental factors might be also responsi-
le for the expression of the disease. These would be
easons why we could not find other cases of SSc in the
amilies of the homozygotes and rarely find familial
Sc. The increased association of the disease in male
atients may depend on factors such as the hormonal
mbalance and/or graft versus host reaction-like phe-
omenon occurs more often in female patients (17).
This paper is the first report that indicates the sig-

ificant association of a specific combination of func-
ional dinucleotide repeats in the human COL1A2 gene
ith SSc.
The cases reported here account for only three (3/93)

ercent of the patients investigated, indicating a ge-
etic heterogeneity and a multi-factorial basis for the
isease, but this study revealed a new aspect for un-
erstanding this complex disease.
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