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Abstract
Objective

Although some antiphospholipid antibodies (Abs) are found in patients with localized scleroderma (LSc), Ab
against phosphatidylserine-prothrombin complex (PS/PT) has not been examined. We investigated anti-PS/PT Ab

levels in patients with LSc.

Methods
IgG anti-PS/PT Ab levels in serum samples taken from patients with LSc (n = 42) were measured using ELISA. 

Results
IgG anti-PS/PT Ab was detected in 17% of the LSc patients, while it was not detected in any normal controls 

(n = 32) or psoriasis vulgaris (n = 25), and this frequency was similar to that of systemic sclerosis (17%, n = 41).
Among 3 LSc subgroups, generalized morphea, the severest form of LSc, had a frequency (27%) comparable with
that of systemic lupus erythematosus (32%, n = 25). Among 7 LSc patients with anti-PS/PT Ab, 2 developed symp-
tomatic thromboembolism (A 70-year-old man developed deep vein thrombosis and pulmonary infarction, although

he was negative for other antiphospholipid Abs. A 6-year-old boy positive for lupus anticoagulant had cerebral
infarction). By contrast, symptomatic thromboembolism was not detected in 35 LSc patients without anti-PS/PT Ab.

Conclusion
Patients with LSc, especially generalized morphea, exhibit anti-PS/PT Ab at a frequency comparable with collagen
diseases such as systemic sclerosis and systemic lupus erythematosis. Examination of this Ab may be useful to rec-

ognize the risk of thromboembolism in patients with LSc.
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Introduction
Localized scleroderma (LSc) is a rare
autoimmune disease limited to the skin
and subcutaneous tissue beneath the
cutaneous lesions. It differs from sys-
temic sclerosis in that it lacks Raynaud’s
phenomenon, acrosclerosis, and internal
organ involvement. Morphologically,
LSc is classified into three variants:
morphea, linear scleroderma, and gener-
alized morphea (1). Morphea is charac-
terized by one or a few discrete oval
plaques with a firm ivory-colored center
and a surrounding violaceous border. Li-
near scleroderma appears as a linear,
bandlike distribution, and often involves
the underlying muscle, and generalized
morphea is a severe form of LSc charac-
terized by widespread skin involvement
with frequent muscle involvement. LSc,
especially generalized morphea, is ac-
companied by various immunologic ab-
normalities, such as anti-nuclear antibo-
dy (Ab), anti-single-stranded (ss) DNA
Ab, rheumatoid factor, and lupus erythe-
matosus cell phenomenon (2-4). Fur-
thermore, the major antigens recognized
by anti-nuclear Ab are nuclear histones
(especially H1, H2A, and H2B) (5, 6).
Anti-phospholipid syndrome is diagnos-
ed when vascular thrombosis or preg-
nancy morbidity is found in a patient
with lupus anticoagulant and/or β2 gly-
coprotein I-dependent anti-cardiolipin
(anti-β2 GPI/CL) Ab (7, 8). Prothrombin
is a possible another antigenic target of
anti-phospholipid syndrome (9). Atsumi
and Koike et al. suggested that anti-
phosphatidylserine-prothrombin com-
plex (anti-PS/PT) Ab rather than anti-
prothrombin Ab alone is associated with
symptoms of anti-phospholipid syn-
drome and lupus anticoagulant activity
(10, 11). Recently, we showed that anti-
cardiolipin Ab (46%) and lupus antico-
agulant (24%) but not anti-β2 GPI/CL
Ab are present in LSc patients (12). In
this study, we investigated whether anti-
PS/PT Ab is present in patients with
LSc, and whether this Ab is correlated
with the clinical or serological features
of this disease. 

Materials and methods
Serum samples
Serum samples from 42 Japanese pa-
tients (31 women and 11 men, 4-70

years old, mean age of 27 years) with
LSc were studied. No patients with LSc
had other inflammatory, infectious or
autoimmune diseases. Serum samples
from 32 age- and gender-matched
healthy volunteers (24 women and 8
men, 5-76 years old, mean age of 25
years) were examined. Twenty-five
age- and gender-matched psoriasis vul-
garis patients were assessed as a dis-
ease control of chronic skin inflamma-
tory diseases. Age- and gender-match-
ed patients with systemic sclerosis (n =
41) or systemic lupus erythematosus (n
= 25) were examined as disease con-
trols for systemic autoimmune dis-
eases. The LSc patients were classified,
as previously described (13), into the
following three subgroups: (i) 15 pa-
tients with generalized morphea, (ii) 16
with linear scleroderma, (iii) 11 with
morphea. None of the LSc patients
were undergoing treatment with steroid
or immunosuppressive therapy when
the serum samples were obtained. The
number of sclerotic lesions more than 3
cm in diameter was counted for each
patient with LSc when the serum sam-
ples were obtained. The whole body
was divided into seven areas: (i) head
and neck, (ii) anterior trunk, (iii) poste-
rior trunk, (iv) right upper extremity,
(v) left upper extremity, (vi) right lower
extremity, and (vii) left lower extremi-
ty. We defined the patients as having
generalized morphea when they ful-
filled the following two criteria: (i) four
or more lesions were of more than 3 cm
in diameter irrespective of whether
they were linear or morphea, and (ii)
involvement of two or more areas of
the body. Patients who did not meet
these criteria were diagnosed as having
morphea or linear scleroderma accord-
ing to their morphologic features. The
experimental protocol was approved by
the Kanazawa University Graduate
School of Medical Science and Kana-
zawa University Hospital, and inform-
ed consent was obtained from all pa-
tients. 

Detection of antiphospholipid Ab
IgG anti-PS/PT Abs were measured
with a specific enzyme-linked immu-
nosorbent assay (ELISA, Medical &
Biological Laboratories, Nagoya, Ja-
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pan), according to the manufacturer’s
protocol. Briefly, the serum samples
diluted to 1:101 were added to 96-well
plates coated with PS/PT and incubated
for 1 hour at 20°C. After washing,
bound Abs were detected with peroxi-
dase-conjugated anti-human IgG Ab.
Colour was developed with 3, 3’, 5, 5’-
tetramethylbenzidine and H2O2 and the
plates were read at 450 nm. The detec-
tion limit was 5 U/ml and anti-β2 GPI/
CL Ab was measured using an ELISA
kit (Yamasa, Tokyo, Japan). Lupus an-
ticoagulant was determined according
to the guidelines recommended by the
Subcommittee on Lupus Anticoagu-
lant/Phospholipid Dependent Abs (14). 

Detection of Anti-nuclear Ab
Anti-nuclear Ab was detected by indi-
rect immunofluorescence using HEp-2
cells as a substrate (5). 
ELISA for anti-histone Ab was per-
formed as previously described (5, 15).
Briefly, microtiter plates (Corning,
NY) were coated with 5 mg/ml total
histones (Sigma, St. Louis, MO, USA)
in phosphate-buffered saline. The
plates were then post-coated with phos-
phate-buffered saline containing 3%
bovine serum albumin. Serum samples
diluted to 1:100 in phosphate-buffered
saline-bovine serum albumin were add-
ed to each well. Bound Abs were then
detected with alkaline phosphatase-
conjugated goat anti-human IgG Ab
(Cappel, Durham, NC, USA), and dev-
eloped with 10 mg/ml p-nitrophenyl
phosphate (Gibco BRL, Gaithersburg,
MD, USA) in 10 mM diethanolamine
and 0.5 mM MgCl2 (pH 9.5) as a sub-
strate. The plates were read at 405 nm,
and absorbance values greater than the
mean plus 3 SD for normal controls
were considered positive. 
To evaluate anti-ssDNAAb, wells were
pretreated for 1 hr with 0.1% protamine
sulfate (grade X; Sigma). After rinsing,
1 mg/ml calf thymus ssDNA (Sigma)
was added. ELISA was then performed
as described above. 
IgM rheumatoid factor was measured
using a latex agglutination slide test
(Eiken, Tokyo, Japan).

Statistical analysis 
Statistical analysis was performed us-

ing the Mann-Whitney U test for the
comparison of Ab levels, Fisher’s exact
probability test for the comparison of
frequencies, and Bonferroni’s test for
multiple comparisons were also used.
A p-value of less than 0.05 was consid-
ered to be statistically significant. All
data were shown as the mean ± SD. 

Results
Anti-PS/PT Ab levels in LSc
Patients with LSc exhibited mean IgG
anti-PS/PT Ab levels (6.2 ± 7.0 U/ml)
significantly higher than those for nor-
mal controls (2.0 ± 3.2 U/ml, p < 0.01)
or psoriasis vulgaris (1.6 ± 2.8 U/ml, p
<0.01, Fig.1). The Ab levels were com-
parable with those of systemic sclerosis
(7.0 ± 10.9 U/ml), although they were
significantly lower than those for sys-
temic lupus erythematosus (12.9 ±11.0
U/ml, p<0.01, Fig.1). Among the LSc
subgroups, patients with generalized
morphea (8.2 ± 9.0 U/ml) and linear
scleroderma (6.2 ± 5.8 U/ml) but not
morphea (3.8 ± 3.3 U/ml) had signifi-
cantly higher IgG anti-PS/PT Ab levels
than normal controls (p < 0.01, Fig. 2).

No significant difference in Ab levels
was found for each LSc subgroup. 

Prevalence of anti-PS/PT Ab in LSc
Values higher than the mean + 3 SD
(11.6 U/ml) of the normal control ser-
um samples were considered to be pos-
itive. IgG anti-PS/PT Ab was found in
17% (7/42) of LSc, 17% (7/41) of sys-
temic sclerosis, and 32% (8/25) of the
systemic lupus erythematosus cases
(Fig. 1). None of the normal controls or
psoriasis vulgaris patients was positive
for this Ab. Among the LSc subgroups,
IgG anti-PS/PT Ab was detected in
27% with generalized morphea (4/15),
13% with linear scleroderma (2/16),
and 9% with morphea (1/11, Fig. 2).
Anti-nuclear Ab, anti-histone Ab, anti-
ssDNAAb, and rheumatoid factor were
determined using the same serum sam-
ples that were assessed for anti-PS/PT
Ab. Anti-nuclear Ab was more fre-
quently detected in patients with anti-
PS/PT Ab than those without it (Table
I). Patients with positive anti-PS/PT Ab
exhibited significantly higher levels of
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Fig. 2. IgG anti-PS/PT Ab levels for 3 sub-
groups of localized scleroderma. Anti-PS/PT Ab
levels expressed as a relative optical density
(OD) were measured by ELISA in serum sam-
ples from patients with generalized morphea
(GM), linear scleroderma (LS) or morphea (M)
and normal controls (CTL). The horizontal line
shows the detection limit (5 U/ml) and the bro-
ken line represents the cut-off value (11.6 U/ml).
The short bar indicates the mean value for each
group.

Fig. 1. IgG Abs against PS/PT in serum samples
from patients with localized scleroderma (LSc),
normal controls (CTL), psoriasis vulgaris (PV),
systemic sclerosis (SSc), and systemic lupus ery-
thematosus (SLE). Anti-PS/PT Ab levels were
determined by ELISA. The horizontal line shows
the detection limit (5 U/ml) and the broken line
represents the cut-off value (11.6 U/ml). The
short bar indicates the mean value in each group.



IgG anti-histone Ab and IgG anti-
ssDNAAb than those without IgG anti-
PS/PT Abs. Patients positive for anti-
PS/PT Ab had increased number of lin-
ear and/or plaque lesions, number of
affected body areas, or frequency of
muscle involvement compared with
those negative for the Ab, although
they were not significant.   

LSc patients with antiphospholipid Ab
Table II demonstrates LSc patients pos-
itive for anti-PS/PT Ab and/or lupus
anticoagulant. Out of 42 LSc patients
who were assessed for anti-PS/PT Ab,
lupus anticoagulant activity was deter-
mined in 22 patients with LSc whose
plasma samples were available. Anti-
CL/β2GPI Ab were examined in sera
from all LSc patients. Although lupus
anticoagulant was detected in 5 pa-
tients (23%), anti-CL/β2GPI Ab was
not detected in any LSc patients.
Among 7 SSc patients with anti-PS/PT
Abs, 3 patients had lupus anticoagulant
and 2 patients were negative for lupus
anticoagulant. Two patients had lupus
anticoagulant among LSc patients
without anti-PS/PT Ab. The titer of
anti-PS/PT Ab was higher in LSc
patients with lupus anticoagulant (n =
5) than those without lupus anticoagu-
lant (n = 17, 8.0±10.8 vs. 4.1±4.3
U/ml), although the difference was not
statistically significant.

Thromboembolism in LSc patients
Out of 42 LSc patients, two cases posi-
tive for anti-PS/PT Ab had sympto-
matic episodes of thrombosis.
Case 1. A 68 year-old Japanese man
with no personal or family history of
connective tissue disease presented
with a 2-month history of total 4-well
circumscribed brown to erythematous
indurated plaques on the bilateral lower
legs. A skin biopsy from the right lower
leg showed collagen deposition in the
dermis and subcutis. Thickening of the
fascia or inflammatory cell infiltration
of the fascia was not observed. He de-
nied any associated pulmonary or gas-
trointestinal complaints or Raynaud’s
phenomenon, so, his condition was di-
agnosed as generalized morphea. Two
years after the first examination (age
70), he presented with a 2-week history

of swelling of the left lower leg. At this
time, his total leukocyte count, hemo-
globin, and platelet number were nor-
mal. The thrombin-antithrombin III
complex value (4.4 µg/L) was elevated,
suggesting a hypercoagulatable state.
Rheumatoid factor was positive, al-
though Abs against nuclear antigens,
centromere, topoisomerase I, U1-RNP,
Sm, SS-A, SS-B, ssDNA, and double-
stranded (ds) DNA were negative with
normal serum IgG, IgA, and IgM lev-
els. Lupus anticoagulant and anti-β2

GPI/CL Ab were negative and values
of prothrombin time, activated partial
thromboplastin time, antithrombin III,
protein S, protein C, and each coagula-
tion factor were normal. Radioactive
isotope-venography and pulmonary per-
fusion/ventilation scintigraphy showed

that the patient had deep vein thrombo-
sis of the left lower leg and small pul-
monary infarction of the left upper
lung. Although the cause of the throm-
boembolism was unknown, we detect-
ed anti-PS/PT Ab in the current study
(13.4 U/ml). Therefore, there was a
possibility that the thromboembolism
was induced by anti-PS/PT Ab.
Case 2. A 6 year-old Japanese boy with
no personal or family history of con-
nective tissue disease presented with an
11-month history of multiple circum-
scribed indurated or sclerotic plaques
on the neck, trunk, and bilateral lower
legs. He had a restricted right ankle,
bilateral knee and bilateral hip joints
due to multiple sclerotic skin lesions.
He denied any associated pulmonary or
gastrointestinal complaints or Ray-
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Table I. Clinical and serological features of patients with localized scleroderma positive for
IgG anti-PS/PT Ab.

IgG anti-PS/PT Ab + IgG anti-PS/PT Ab -
(n = 7) (n = 35)

Serological
Anti-nuclear Ab 5 (71)a* 6 (17)
IgG anti-histone Ab (OD) 1.59 ± 0.58b* 0.98 ± 0.51
IgG anti-ssDNA Ab (OD) 0.79 ± 0.69* 0.40 ± 0.50
Rheumatoid factor 2 (29) 7 (19)

Clinical
Sex (male/female) 2/5 13/22
Age at onset (years) 24 ± 24 18 ± 16
Disease duration (years) 5.2 ± 3.3 4.6 ± 1.2
No. of linear lesions 1.4 ± 0.9 0.8 ± 0.9
No. of plaque lesions 4.4 ± 3.3 2.3 ± 2.7
Total no. of lesions 5.1 ± 3.6 3.3 ± 2.9
No. of involved body areas 2.8 ± 1.7 2.1 ± 1.7
Muscle involvement 2 (29) 6 (17)

Unless otherwise indicated, avalues are the number (%) of positive patients or bmean SD. 
IgG Ab levels against PS/PT were examined by specific ELISA. Values higher than 11.6 U/ml were
considered to be positive. IgG Abs against histone or ssDNA and rheumatoid factor as the relative opti-
cal density (OD) were determined by specific ELISA. *p < 0.01, versus patients without IgG anti-
PS/PT Ab.

Table II. Anti-phospholipid Abs in patients with localized scleroderma.

Patient Age Sex Symptomatic Anti-PS/PT Ab Lupus Anti-CL/
no. thrombosis (U/ml) anticoagulant β2GPI Ab

1 6 M + (Brain) + (34) + -
2 33 F - + (19.5) + -
3 50 F - + (16.8) ND -
4. 26 F - + (15.2) - -
5. 11 F - + (13.8) + -
6. 68 M + (Deep vein+Lung) + (13.4) - -
7. 20 F - + (13.2) ND -
8. 29 M - - (7.8) + -
9 15 M - (5.4) + -

anti-β2 GPI/CL Ab; β2 glycoprotein I-dependent anti-cardiolipin Ab; ND, not done.
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naud’s phenomenon. At this time, his
total leukocyte count, hemoglobin, and
platelet number were normal, and rheu-
matoid factor and anti-nuclear Ab (1:
640, homogeneous pattern) were posi-
tive. Although Abs against centromere,
topoisomerase I, U1 RNP, Sm, and
dsDNA were negative, anti-ssDNA Ab
was elevated (470 U/ml, normal < 20
U/ml). Levels of serum IgG, IgA, IgM,
and complement were normal. Values
for prothrombin time, activated partial
thromboplastin time, prothrombin frag-
ment1+2, antithrombin III, protein S,
protein C, and each coagulation factor
were also normal. Lupus anticoagulant
were positive and anti-β2 GPI/CL Ab
was negative. A symptomatic infarction
of the right front-temporal lesion was
detected by brain MRI. We diagnosed
him as having generalized morphea
with antiphospholipid syndrome. In
addition, we detected elevated anti-
PS/PT Ab levels (34 U/ml) in this case.

Discussion
Although LSc is an autoimmune dis-
ease limited to the skin and subcuta-
neous skin tissues, the frequency of
IgG anti-PS/PT Ab of generalized mor-
phea (27%) was comparable with that
of systemic lupus erythematosus (32%,
Figs. 1 and 2). Autoimmunity plays a
role in the induction of LSc since it,
especially generalized morphea, is ac-
companied by various autoAbs inclu-
ding anti-ssDNA Ab, anti-histone Ab,
and anti-topoisomerase II Ab (2-5, 16).
We hypothesized that anti-nucleosome
Ab is driven by native nucleosomes
acting as immunoantigens in most LSc
patients (17). Furthermore, anti-histone
Ab in addition to anti-nucleosome Ab
was observed in severe LSc patients
such as those with generalized mor-
phea, probably due to spreading of the
autoimmune response from the native
nucleosome to its individual compo-
nents (DNA and histones) (17). Im-
mune responses to autoantigens are
likely induced by cryptic self-epitopes
generated by the modification of self-
antigens during apoptosis. Apoptosis
can be detected in endothelial cells of
early inflammatory lesions from LSc
patients (18). Therefore, autoAbs
against ssDNA and histone may be pro-

duced as a result by modification of
these nuclear antigens during endothe-
lial apoptosis in LSc. Since anti-PS/PT
Ab was significantly associated with
anti-ssDNA Ab or anti-histone Ab (Ta-
ble II), these autoAbs may be derived
from similar immunological abnormal-
ities. Anionic phospholipids, such as
phosphatidylserine and cardiolipin,
which are not normally expressed on
the surface of viable cells, are translo-
cated to the surface of the plasma mem-
brane of cells during apoptosis (19).
Recent studies showed that prothrom-
bin or β2 GPI binds specifically to the
surface of apoptotic and not viable
Jurkat cells (20, 21). Since β2 GPI that
combines in apoptotic cells is immuno-
genic and can induce anti-β2 GPI/CL
Ab (22), we suppose that prothrombin
bound to apoptotic endothelial cells is
also immunogenic and causes anti-
PS/PT Ab production in LSc. 
Previously, some cases of LSc with
antiphospholipid Ab have been report-
ed (23, 24). We recently showed that
anti-cardiolipin Ab (IgG or IgM) and
lupus anticoagulant are frequently de-
tected in LSc patients (46% and 24%,
respectively), although anti-β2 GPI Ab
is not detected in LSc patients (12). In
the present study, symptomatic throm-
boembolism was detected in 2 patients
with generalized morphea among 7
LSc patients with anti-PS/PT Ab. By
contrast, no patients had symptomatic
thromboembolism in 35 LSc patients
without anti-PS/PT Ab. Since the first
case had not been positive for lupus
anticoagulant or anti β2 GPI/CL Ab, the
cause of the thrombosis was not identi-
fied before this study. Although Abs
against PS/PT and/or β2 GPI/CL are
major components of lupus anticoagu-
lant, thromboembolism is present in
some patients with anti-PS/PT Ab but
not lupus anticoagulant and anti-β2

GPI/CL Ab (10). Therefore, it may be
useful to evaluate anti-PS/PT Ab when
screening for antiphospholipid Ab in
LSc patients, especially when they do
not fulfill the criteria of antiphospho-
lipid syndrome (8). In the second case,
cerebral infarction occurred in a boy
with generalized morphea. Congenital
thrombotic disease was denied by his
laboratory data. He showed elevated

anti-PS/PT Ab levels that were the
highest of all the LSc patients. Lupus
anticoagulant was positive and anti-β2

GPI/CLAb was negative in this patient.
Anti-PS/PT Ab exhibits lupus antico-
agulant activity and is closely associat-
ed with lupus anticoagulant (10, 25).
Therefore, anti-PS/ PT Ab may be a
major component of lupus anticoagu-
lant activity in this case. 
The mean age of patients with anti-
phospholipid syndrome was 42 years,
and only 2.8% of all patients in a large
study of European Phospholipid Pro-
ject Group developed anti-phospho-
lipid syndrome before age 18 (26).
Since LSc occurs frequently in infan-
tile, the mean age was 27 in our LSc
patients. Therefore, the younger age of
these patients may be one reason why
the prevalence of antiphospholipid syn-
drome is not a high in spite of high fre-
quency of antiphospholipid Ab in LSc.
However, we could not screen all pa-
tients for thromboembolism. There-
fore, we cannot exclude the possibility
that asymptomatic antiphospholipid
syndrome occurs at a high frequency.
We previously reported on a patient
with generalized morphea who exhibit-
ed lupus anticoagulant and anti-cardi-
olipin Ab (12). In that case, asympto-
matic pulmonary infarction was detect-
ed by screening his clinical signs for
antiphospholipid syndrome. Careful
observation and follow-up for throm-
bosis may be required for LSc patients
with antiphospholipid Ab even if they
do not exhibit symptomatic throm-
boembolism. 
Finally, this ELISA results are reliable
since some previous reports demon-
strated the reproducibility and the utili-
ty of the ELISA kit (27-29). Anti-
PS/PT Ab was detected in 67% of pa-
tients with antiphospholipid syndrome
(28). Among SLE or lupus-like disease
patients, anti-PS/PT Ab was detected
more frequently in patients with anti-
phospholipid syndrome than in patients
without the syndrome (44% vs. 14%, p
< 0.005) (29). Thereby, the present
study demonstrated that anti-PS/PT Ab
is a novel autoAb detected in patients
with LSc. Although LSc is a rare dis-
ease, further investigation especially in
a large patient group will be needed to
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clarify the clinical relevance of this Ab
in LSc. 
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