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Anti-Lipoprotein Lipase Antibody in Systemic
Sclerosis: Association with Elevated Serum Triglyceride
Concentrations
MASANARI KODERA, IKUKO HAYAKAWA, KAZUHIRO KOMURA, KOICHI YANABA, MINORU HASEGAWA,
KAZUHIKO TAKEHARA, and SHINICHI SATO

ABSTRACT. Objective. The vascular damage systemic sclerosis (SSc) consists mainly of microvascular changes,
but recently macrovascular changes with dyslipidemia were recognized. In systemic lupus erythe-
matosus (SLE), autoantibody to lipoprotein lipase (LPL), a key enzyme that hydrolyzes triglyc-
erides, suggested a role of autoimmunity for elevated serum triglyceride levels and atherosclerosis.
We investigated the prevalence and levels of anti-LPL antibodies, their clinical correlation, and their
functional significance in patients with SSc.
Methods. Serum samples from patients with diffuse cutaneous SSc (dSSc; n = 55), limited cutaneous
SSc (lSSc; n = 75), SLE (n = 21), and dermatomyositis (DM; n = 21) and healthy controls (n = 41)
were examined by ELISA. The presence of anti-LPL antibody was evaluated by immunoblotting
analysis using purified LPL. To determine the functional relevance of anti-LPL antibody in vivo, we
assessed whether anti-LPL autoantibody was able to inhibit LPL activity using the LPL activity kit.
Results. ELISA revealed that IgG or IgM anti-LPL antibodies were detected in 35% of SSc patients,
while they were also positive in 67% of SLE patients and 43% of DM patients. The presence of IgG
anti-LPL antibody was associated with elevated serum triglyceride levels, greater extent of skin
fibrosis, and more frequent presence of lung fibrosis, heart involvement, and anti-topoisomerase I
antibodies. The presence of anti-LPL autoantibody was confirmed by immunoblotting analysis. LPL
activity was inhibited by IgG anti-LPL antibodies in sera from SSc patients with elevated serum
triglyceride levels.
Conclusion. Our results suggest that anti-LPL autoantibody contributes to elevated serum trigly-
ceride levels by inhibiting LPL enzyme activity in patients with SSc. (J Rheumatol 2005;32:629–36)
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Systemic sclerosis (SSc) is a multisystem disorder of con-
nective tissue characterized by excessive fibrosis in the skin
and various internal organs. The presence of autoantibodies
is a central feature of SSc: autoantibodies against various
intracellular and extracellular components are detected in
more than 90% of patients1,2. Another important clinical
feature in SSc is the vascular damage characterized by
microvascular changes, including intimal proliferation and
fibrous thickening of the media3, which results in digital
scars/ulcers, pulmonary hypertension, and renal crisis.
Further, macrovascular diseases have been recognized in a
significant portion of patients with SSc. Veale, et al have
reported that coronary artery disease and intermittent clau-
dication are found in 15–20% of SSc patients, some of

whom have dyslipidemia4. Further, the carotid artery and
peripheral large arteries are significantly affected in SSc
patients, although the relationship between dyslipidemia
and macrovascular diseases remains unknown5-8. Thus,
large vessel occlusive events, such as cardiovascular events,
stroke, and atherosclerotic peripheral arterial obstructive
diseases, are common in patients with SSc.

Macrovascular diseases induced by accelerated athero-
sclerosis are a major clinical problem in patients with sys-
temic lupus erythematosus (SLE). Although a variety of tra-
ditional risk factors, such as age, male sex, obesity, smok-
ing, and hypertension, are considered to contribute to the
development of macrovascular diseases, the excess of
macrovascular diseases in SLE cannot be fully explained by
these traditional risk factors alone9. Recently, Reichlin, et al
have described that 47% of SLE patients have autoantibod-
ies against lipoprotein lipase (LPL)10, a key enzyme that
hydrolyzes triglycerides associated with lipoproteins, in par-
ticular very low density lipoprotein (VLDL) and chylomi-
crons. LPL is synthesized in adipose cells, skeletal muscle,
cardiac muscle, and mammary gland, where it is transferred
to binding sites of endothelial cells on capillaries and epi-
cardial vessels11. Although direct evidence that anti-LPL
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antibodies can inhibit LPL activity was not observed by
Reichlin, et al, a close relationship between anti-LPL anti-
body levels and serum triglyceride levels was found in SLE
patients10. These findings suggest a role of autoimmunity
for increased serum triglyceride levels and the development
of atherosclerosis in patients with SLE. Interestingly, anti-
LPL antibody was reported to be positive in 42% of a small
number of SSc patients (n = 31)10. Therefore, it is possible
that anti-LPL antibodies may be related to dyslipidemia and
the development of macrovascular diseases in SSc.
However, the presence and levels of anti-LPL antibodies,
their clinical correlation, and their functional significance in
SSc remain unknown. We investigated anti-LPL antibodies
in a large number of SSc patients and their functional rele-
vance in vivo. The results suggest that anti-LPL autoanti-
bodies detected in patients with SSc play a role in the devel-
opment of dyslipidemia by directly inhibiting LPL activity.

MATERIALS AND METHODS
Serum samples. Serum samples were obtained from 130 Japanese patients
with SSc (114 women, 16 men) who had not received any treatment at their
first visit to our scleroderma clinic. These were consecutive patients who
visited our scleroderma clinic between 1995 and 2002. All patients fulfilled
the criteria proposed by the American College of Rheumatology (ACR)12.
Patients were grouped according to the classification system proposed by
LeRoy, et al13: 75 patients (71 women, 4 men) had limited cutaneous SSc
(lSSc) and 55 patients (43 women, 12 men) had diffuse cutaneous SSc
(dSSc). The age of patients (mean ± SD) was 45 ± 15 years. Patients with
dSSc were aged 45 ± 16 while those with lSSc were 46 ± 15 years old. The
disease duration of patients with lSSc and dSSc was 8.5 ± 9.8 and 4.6 ± 6.8
years, respectively. SSc patients who were receiving any treatment, includ-
ing corticosteroids, D-penicillamine, other immunosuppressive therapy, or
lipid-lowering medications, at their first visit to our scleroderma clinic were
excluded. Antinuclear antibody (ANA) was determined by indirect
immunofluorescence using HEp-2 cells as the substrate, and autoantibody
specificities were further assessed by ELISA and immunoprecipitation.
Anticentromere antibody was positive for 52 patients (dSSc 3 and lSSc 49),
anti-topoisomerase I antibody for 38 (dSSc 32 and lSSc 6), anti-U1RNP
antibody for 9 (dSSc 2 and lSSc 7), anti-U3RNP antibody for 2 (dSSc 1 and
lSSc 1), anti-RNA polymerases I and III antibody for 5 (all dSSc), and
Th/To antibody for 3 (all lSSc). In 13 patients (dSSc 9 and lSSc 4) with
ANA, autoantibody specificities were not identified. Eight patients (dSSc 3
and lSSc 5) were negative for autoantibodies. No SSc patient had anti-dou-
ble-stranded DNA (dsDNA) antibody. Twenty-one patients with SLE who
fulfilled the ACR criteria14 and 21 patients with dermatomyositis (DM)
who fulfilled Bohan and Peter criteria15,16 were also examined as disease
controls. Forty-one age and sex matched healthy Japanese individuals (36
women, 5 men aged 43 ± 10 yrs) were used as healthy controls. These
healthy individuals were working in our hospital and were confirmed
healthy by their annual examination. Fresh venous blood samples were cen-
trifuged shortly after clot formation. All samples were stored at –70°C prior
to use.

Clinical assessment. Complete medical histories, examinations, and labo-
ratory tests were conducted for all patients. The modified Rodnan total skin
thickness score (modified Rodnan TSS) was measured as described17.
Organ system involvement was defined as described with some modifica-
tions18,19, as follows; for lung: bibasilar fibrosis on chest radiography and
high resolution computed tomography; for isolated pulmonary hyperten-
sion: clinical evidence of pulmonary hypertension and increased systolic
pulmonary arterial pressure (> 35 mm Hg) by Doppler echocardiography,
in the absence of severe pulmonary interstitial fibrosis; for esophagus:

hypomotility shown by barium radiography; for joints: inflammatory pol-
yarthralgias or arthritis; for heart: pericarditis, congestive heart failure,
arrhythmias requiring treatment, or abnormal perfusion and diastolic func-
tion determined by myocardial perfusion scintigram20; for kidney: malig-
nant hypertension and rapidly progressive renal failure with no other expla-
nation; and for muscle: proximal muscle weakness and elevated serum cre-
atine kinase. Serum concentrations of triglycerides and total cholesterol
were determined with specific kits by Olympus (Tokyo, Japan) and
Daiichikagaku (Tokyo, Japan), respectively, according to the manufactur-
er’s protocol. Serum levels of triglycerides and total cholesterol were meas-
ured in duplicate on fasting serum. Expected normal ranges of triglycerides
and total cholesterol are 30~150 mg/dl and 130~220 mg/dl, respectively.
The protocol was approved by the Kanazawa University Graduate School
of Medical Science and Kanazawa University Hospital, and informed con-
sent was obtained from all patients.

ELISA for anti-LPL antibodies. ELISA were conducted as described21.
Briefly, 96-well plates were coated with LPL purified from bovine milk (5
µg/ml; Sigma-Aldrich Co., St. Louis, MO, USA). Serum samples diluted
1:100 were added to triplicate wells and the bound antibodies were detect-
ed with alkaline phosphatase-conjugated goat anti-human IgG or IgM anti-
bodies (Cappel, Durham, NC, USA), using p-nitrophenyl phosphate
(Sigma-Aldrich) as substrate. Relative levels of autoantibodies were deter-
mined for each group of patients and healthy controls using pooled serum
samples as described21. The sera were diluted at log intervals (1:10–1:105)
and assessed for relative autoantibody levels as above, except the results
were plotted as optical density (OD) compared to dilution (log scale). The
dilutions of sera giving half-maximal OD values were determined by linear
regression analysis, thus generating arbitrary unit per milliliter values for
comparison between sets of sera.

Immunoblotting. Immunoblotting was performed using purified LPL (0.6
µg/lane; Sigma-Aldrich) as described22. Alkaline phosphatase-conjugated
goat anti-human IgG antibody (Cappel) was used as secondary antibody
and color was developed using 5-bromo-4-chloro-3-indrolyl phosphate and
nitro blue tetrazolium (Sigma-Aldrich). Ten SSc patients positive for IgG
anti-LPL antibody by ELISA, 9 SSc patients positive for anti-topoiso-
merase I antibody, anticentromere antibody or anti-U1RNP antibody, but
not for anti-LPL antibody by ELISA, and 9 healthy individuals were eval-
uated. The calculated molecular weight for LPL is 50,394 and with 3 gly-
cosylation sites, a total molecular weight of 60,000 is expected23.

LPL activity assay. IgG was purified from serum samples using magnetic
beads coated with recombinant protein G covalently coupled to the surface
(Dynal, Lake Success, NY, USA). Final IgG concentration was measured
by spectrophotometer (Gene Quant II, Amersham Biosciences, Piscataway,
NJ, USA). LPL activity was determined by a LPL activity kit (Roar
Biomedical, New York, NY, USA) according to the manufacturer’s proto-
col. LPL (60 ng; Sigma-Aldrich) was incubated with 60 µg purified IgG
from serum samples for 90 min at 30°C and then with a nonfluorescent sub-
strate emulsion for 60 min at 30°C. The fluorescent density of the tubes was
measured at 370 nm excitation and 450 nm emission. Ten IgG anti-LPL
antibody-positive SSc patients with elevated serum triglyceride levels, 10
IgG anti-LPL antibody-positive SSc patients with normal serum triglyc-
eride levels, 10 SSc patients negative for IgG anti-LPL antibody, and 10
healthy individuals were assessed.

Statistical analysis. Statistical analysis was performed using the Mann-
Whitney U test for determining the level of significance of differences
between sample means and Fisher’s exact probability test for comparison
of frequencies. Multiple comparisons among 3 or more groups were per-
formed by one-way ANOVA followed by Bonferroni test. Spearman’s rank
correlation coefficient was used to examine the relationship between 2 con-
tinuous variables. A p value < 0.05 was considered statistically significant.

RESULTS
Anti-LPL autoantibody levels in SSc. The presence and
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levels of anti-LPL antibodies in serum samples from
patients with collagen diseases and healthy controls were
assessed by ELISA (Figure 1, Table 1). The dilution of sera
giving half-maximal OD values in ELISA was also deter-
mined to generate arbitrary units per milliliter that could be
directly compared between patients and controls (Table 1).
Levels of IgG anti-LPL antibodies were significantly
increased in subsets of patients with both dSSc and lSSc,
SLE, and DM compared to controls (p < 0.0001, p < 0.005,
p < 0.0001, and p < 0.0001, respectively). Similarly, levels
of IgM anti-LPL antibody were significantly elevated in
subsets of patients with both dSSc and lSSc, SLE, and DM

relative to controls (p < 0.005, p < 0.005, p < 0.0001, and p
< 0.0005, respectively). The difference in IgG or IgM anti-
LPL antibody levels between those with dSSc and lSSc was
not statistically significant. The levels of IgG anti-LPL anti-
body found in patients with dSSc, SLE, and DM were very
similar and significant differences were found only between
lSSc and SLE or DM (p < 0.01 and p < 0.05). On the other
hand, the levels of IgM anti-LPL antibody found in patients
with dSSc, lSSc, and DM were very similar and significant
differences were found only between dSSc or lSSc and SLE
(p < 0.05). IgG anti-LPL antibody levels correlated posi-
tively with IgM anti-LPL antibody levels in total patients

with SSc (r = 0.614, p < 0.0001). However, IgG and IgM
anti-LPL antibody levels did not correlate with serum total
IgG and IgM levels, respectively (data not shown). In addi-
tion, IgG or IgM anti-LPL antibody levels did not correlate
positively with levels of antibodies against topoisomerase I,
centromere, or U1RNP, which were determined by ELISA
(data not shown).

Absorbance values higher than the mean + 2 SD (1.41 for
IgG anti-LPL antibody and 0.92 for IgM anti-LPL antibody)
of the control serum samples were considered positive in
this study (Figure 1). IgG or IgM anti-LPL antibody was
detected in 35% of total SSc patients, with 38% of dSSc
patients and 32% of lSSc patients (Table 2). Similar fre-
quency of anti-LPL antibody positivity in DM patients
(43%) and higher frequency in SLE patients (67%) were
observed. By contrast, anti-LPL antibody was detected in
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Figure 1. Anti-LPL antibody (Ab) levels in serum samples from patients with collagen diseases and healthy controls (CTL).
IgG or IgM anti-LPL antibody levels were determined by ELISA. The short bar indicates the mean value in each group; bro-
ken line indicates the mean + 2 SD of control samples.

Table 1. Relative OD values and arbitrary units per milliliter of anti-LPL
antibody levels in patients with collagen diseases and healthy controls
(CTL).

IgG Anti-LPL Antibody IgM Anti-LPL Antibody
Relative OD* Arbitrary U/ml** Relative OD Arbitrary U/ml

SSc 1.132 ± 0.525 58 0.685 ± 0.505 51
ISSc 1.072 ± 0.509 41 0.698 ± 0.525 52
dSSc 1.253 ± 0.542 68 0.690 ± 0.482 50
CTL 0.750 ± 0.304 19 0.448 ± 0.234 24
SLE 1.415 ± 0.531 81 1.000 ± 0.618 89
DM 1.304 ± 0.509 74 0.822 ± 0.564 66

* Values are relative OD (mean ± SD) determined by ELISA using purified
LPL. ** Values represent dilutions of pooled sera giving half-maximal OD
values in ELISA using purified LPL, which were determined by  linear
regression analysis to generate arbitrary units per milliliter that could be
directly compared between patients and controls.
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only 10% of healthy individuals. In dSSc patients, IgG iso-
type (33%) was more frequently detected than IgM isotype
(20%), while in lSSc patients, the prevalence of IgG (17%)
and IgM (21%) isotype was similar. Thus, IgG and IgM anti-
LPL autoantibodies were detected in both lSSc and dSSc
patients, although their prevalence was lower than in
patients with SLE. 

Clinical correlation in SSc. Serum triglyceride levels were
elevated in 39% (50/130) of total SSc patients, with similar
frequency in dSSc (22/55, 40%) and lSSc (28/75, 37%)
patients, while serum total cholesterol levels were increased
in 32% (41/130) of total SSc patients with comparable
prevalence in dSSc (17/55, 31%) and lSSc (24/75, 32%)
patients. The frequency of elevated serum levels of triglyc-
eride or total cholesterol did not significantly differ between
SSc patients with IgG anti-LPL antibody and those without
the antibody (Table 3). However, serum triglyceride levels

were significantly higher (34%) in SSc patients with IgG
anti-LPL antibody than in those without the antibody (p <
0.01; Figure 2). In contrast, there was no difference in serum
total cholesterol levels between SSc patients who were IgG
anti-LPL antibody-positive and those who were negative.

Regarding other clinical correlations, SSc patients with
IgG anti-LPL antibody exhibited increased modified
Rodnan TSS relative to those without antibody (p < 0.05;
Table 3). IgG anti-LPL antibody-positive SSc patients had
pulmonary fibrosis (p < 0.005) and heart involvement (p <
0.05) more frequently than the antibody-negative patients.
Many cases of heart involvement were arrhythmias, abnor-
mal perfusion, and poor diastolic function determined by
myocardial perfusion scintigram. Anti-topoisomerase I anti-
body was more frequently detected in SSc patients with IgG
anti-LPL antibody than in those without antibody (p <
0.005), whereas anticentromere antibody was less frequent-
ly positive in SSc patients with IgG anti-LPL antibody than
in those without the antibody (p < 0.05). However, incuba-
tion of serum samples containing anti-LPL antibody with
LPL did not affect anti-topoisomerase I antibody levels
determined by ELISA (data not shown), suggesting no
cross-reactivity between anti-LPL antibody and anti-topoi-
somerase I antibody. The frequency of IgM anti-LPL anti-
body positivity did not correlate with the presence or
absence of any organ involvement (data not shown). Thus,
the presence of IgG anti-LPL antibody was associated with
elevated serum triglyceride levels, greater extent of skin
fibrosis, and more frequent presence of lung involvement,
heart involvement, and anti-topoisomerase I antibody.

Immunoblotting analysis for anti-LPL antibody. The pres-
ence of anti-LPL antibody was evaluated by immunoblot-

632 The Journal of Rheumatology 2005; 32:4

Table 2. Frequency of anti-LPL antibody positivity in patients with colla-
gen diseases and healthy controls*.

Anti-LPL Antibody
IgG** IgM IgG or IgM

SSc (n = 130) 31 (24) 27 (21) 45 (35)
dSSc (n = 55) 18 (33) 11 (20) 21 (38)
ISSc (n = 75) 13 (17) 16 (21) 24 (32)

SLE (n = 21) 10 (48) 10 (48) 14 (67)
DM (n = 21) 9 (43) 4 (19) 9 (43)
Control (n = 41) 2 (5) 2 (5) 4 (10)

* Values are the number (%) of patients with anti-LPL antibody that was
determined by ELISA using purified LPL. ** Isotypes (IgG or IgM) of anti-
LPL antibody were determined using isotype-specific anti-human Ig anti-
bodies.

Table 3. Clinical and laboratory features of SSc patients positive for IgG anti-LPL antibody.

IgG Anti-LPL Antibody (+), IgG Anti-LPL Antibody (–),
n = 31 n = 99

Sex, male:female 6:25 10:89
Age, mean ± SD yrs 42.0 ± 17.3 46.9 ± 14.8
Disease duration, mean ± SD yrs 7.0 ± 9.7 6.9 ± 8.7
Modified Rodnan TSS, mean ± SD 13.7 ± 12.7* 9.7 ± 7.5
Digital pitting scars/ulcers 44 31
Organ involvement

Pulmonary fibrosis 68** 31
Pulmonary hypertension 11 11
Esophagus 80 68
Heart 35* 15
Kidney 8 1
Joint 28 24
Muscle 20 16

Laboratory findings
Elevated serum triglyceride 48 35
Elevated serum total cholesterol 35 30
Anti-topoisomerase I antibody 52* 24
Anticentromere antibody 19* 47

Unless noted otherwise, values are percentages. * p < 0.05; ** p < 0.005 vs patients without IgG anti-LPL antibody.
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ting analysis using purified LPL. All tested serum samples
from SSc patients positive for IgG anti-LPL antibody by
ELISA exhibited reactivity with LPL (55 kDa) by
immunoblotting (Figure 3, lanes 2–5). Since the estimated
molecular weight of LPL is 60 kDa, the detected 55 kDa
protein is considered a degradation product of LPL, as
reported previously10. By contrast, no reactivity with LPL
was observed using serum samples with either anti-topoiso-
merase I antibody, anticentromere antibody, or anti-U1RNP
antibody, but without IgG anti-LPL antibody by ELISA
(lane 6 and data not shown). Further, serum samples from
healthy individuals did not react with LPL (lane 7). Thus,
the presence of anti-LPL autoantibody in patients with SSc
was confirmed by immunoblotting analysis.

Inhibition of LPL activity by IgG anti-LPL antibody. To
determine the functional relevance of anti-LPL antibody in
vivo, we assessed whether anti-LPL autoantibody was able
to inhibit LPL activity. The LPL activity was not inhibited
by IgG isolated from healthy individuals (Figure 4). By con-
trast, IgG isolated from serum samples of IgG anti-LPL anti-
body-positive SSc patients with elevated serum triglyceride
levels significantly inhibited the LPL activity by 47% com-
pared with healthy controls (p < 0.0001). This inhibitory

activity was not due to the presence of autoantibodies other
than anti-LPL antibody, since the LPL activity was not
inhibited by IgG isolated from serum samples that contained
autoantibodies against topoisomerase I, centromere, or
U1RNP, but not IgG anti-LPL antibody. IgG isolated from
serum samples of IgG anti-LPL antibody-positive SSc
patients showing normal serum triglyceride levels did not
inhibit the LPL activity. Thus, IgG anti-LPL antibody from
SSc patients with elevated triglyceride levels was able to
inhibit the LPL activity.

DISCUSSION
In our study, IgG anti-LPL autoantibodies were detected in
24% of 130 SSc patients, and their presence was confirmed
by immunoblotting analysis; this frequency was slightly
lower than that (42%) in 31 SSc patients reported by
Reichlin, et al10. This difference may be due to differences
of patient populations and race; however, the reasons remain
unknown since detailed clinical information on SSc patients
was not provided in the study by Reichlin, et al10. On the
other hand, the prevalence of anti-LPL antibodies in patients
with SLE (48%) and DM (43%) in our study was similar to
that in SLE (47%) and polymyositis (40%) in the study by
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Figure 2. Serum levels of triglycerides and total cholesterol in the presence or absence of
anti-LPL antibody in SSc samples. The short bar indicates the mean value in each group; bro-
ken line indicates the upper limit of normal values.
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Reichlin, et al10. Regarding subsets of SSc, the frequency
and levels of IgG anti-LPL antibody in dSSc patients tend-
ed to be higher than those found in lSSc patients.
Consistently, the presence of IgG anti-LPL antibody was
associated with greater extent of skin fibrosis and more fre-
quent presence of pulmonary fibrosis and anti-topoiso-
merase I antibody, which are clinical and serologic features
of dSSc1. Further, although the prevalence (33%) of IgG
anti-LPL antibody in dSSc patients was lower than that
(48%) in SLE patients, IgG anti-LPL antibody levels in
dSSc patients were similar to those found in SLE patients.
Thus, the anti-LPL autoantibody appears to be associated
with more severe disease, as indicated by the increased fre-
quency, particularly in those with dSSc and in the presence
of pulmonary fibrosis and cardiac involvement.

In this study, IgG anti-LPL antibodies in sera from SSc
patients were found to inhibit the LPL activity. This is the
first study to reveal the functional relevance of this antibody
in vivo. Consistent with this finding, the presence of IgG
anti-LPL antibody was related to the elevated triglyceride
levels, but not increased total cholesterol levels, as reported
in SLE patients10. Further, in familial LPL deficiency, serum

triglyceride levels are elevated, while increase in cholesterol
levels is modest24. These results suggest that anti-LPL anti-
body contributes to the elevation of serum triglyceride
levels in SSc. However, only 30% (15/50) of SSc patients
with increased triglyceride levels had anti-LPL antibody;
therefore, factors other than this autoantibody would con-
tribute to dyslipidemia. Moreover, 20% (16/80) of SSc
patients with normal triglyceride levels were positive for
this autoantibody. This could be explained by the finding
that anti-LPL antibodies of sera from SSc patients with nor-
mal triglyceride levels were not able to inhibit the LPL
activity, possibly due to different epitope recognition. The
heterogeneity of anti-LPL reactivity has also been reported
in SLE, since there are 2 types of anti-LPL antibodies, one
of which is specific for LPL and nonreactive with dsDNA,
and a second type that reacts with both LPL and dsDNA10.
Anti-dsDNA antibody was not detected in any SSc patient
examined in this study. Although there was significant asso-
ciation between anti-topoisomerase I antibody and anti-LPL
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Figure 3. Immunoblotting analysis of IgG anti-LPL antibodies in sera from
patients with SSc. Representative immunoblotting of purified LPL with
sera from patients or a healthy control is shown. Lane 1: colloidal gold-
stained LPL; lanes 2–5: serum samples from patients with SSc positive for
IgG anti-LPL antibody by ELISA; lane 6: a serum sample from the SSc
patient positive for anti-topoisomerase I antibody, but not for IgG anti-LPL
antibody by ELISA; and lane 7: healthy human serum. Markers for molec-
ular weights (kDa) are shown to the left.

Figure 4. Inhibition of LPL activity by IgG isolated from patients with SSc.
IgG was purified from serum samples of IgG anti-LPL antibody-positive
SSc patients with elevated serum triglyceride levels [anti-LPL Ab (+), high
TG], IgG anti-LPL antibody-positive SSc patients with normal serum
triglyceride levels [anti-LPL Ab (+), normal TG], SSc patients positive for
either anti-topoisomerase I antibody, anticentromere antibody, or anti-
U1RNP antibody, but not for IgG anti-LPL antibody [anti-LPL Ab (–)], and
healthy control. LPL enzymatic activity is shown as percentage of IgG-
untreated LPL that was defined as 100%. Each histogram shows the mean
(± SD) results obtained for 10 persons of each group.
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antibody in SSc, there was no cross-reactivity between
them. In addition, there are many studies showing that sys-
temic inflammation may cause hypertriglyceridemia
through increased VLDL secretion as a result of adipose tis-
sue lipolysis, increased hepatic fatty acid synthesis, and sup-
pression of fatty acid oxidation25-30. However, in our study,
serum triglyceride levels did not correlate with any serum
markers of systemic inflammation, such as C-reactive pro-
tein, tumor necrosis factor-α, and interleukin 6 (data not
shown). Nonetheless, the possibility that systemic inflam-
mation associated with SSc is involved in hypertriglyc-
eridemia in some patients with SSc could not be excluded.
Collectively, these results suggest that anti-LPL reactivity is
heterogeneous and that anti-LPL antibody with inhibitory
activity for LPL is related to the elevation of serum triglyc-
eride levels in some SSc patients with dyslipidemia.

In this study, the presence of anti-LPL antibody was not
associated with microvascular diseases, including digital
pitting scars/ulcers, pulmonary hypertension, and kidney
involvement, suggesting that anti-LPL antibody does not
contribute to the deterioration of microvascular damage.
The presence of anti-LPL antibody was related to heart
involvement; however, heart involvement was mainly seen
as arrhythmias that are based mostly upon myocardial fibro-
sis. Since macrovascular diseases in SSc were recently rec-
ognized4-8, our clinical database generally lacked precise
information regarding macrovascular diseases. Therefore,
the clinical relationship between anti-LPL antibody and
macrovascular diseases in patients with SSc remains
unknown.

However, we found serum triglyceride levels were ele-
vated in 39% of SSc patients. Many recent studies have
shown that triglycerides play an important role in atheroge-
nesis31-36, although the relationship between triglyceride
and atherosclerosis is still controversial. Further, low levels
of LPL activity are related to the progression of atherogene-
sis in cases of partial LPL deficiency37,38. Conversely,
patients with high levels of LPL activity have lower triglyc-
eride levels and decreased risk of coronary artery disease in
cases of LPL S447X truncation variant39,40. In addition,
LPL activity is associated with severity of angina pectoris41.
Studies have consistently shown that 15% of SSc patients
experience coronary artery disease4 and that coronary flow
reserve is reduced in SSc patients42. However, it has not
been established that the prevalences of coronary artery and
macrovascular disease are increased in patients with SSc
over the general population. Although it is possible that dys-
lipidemia induced in part by anti-LPL antibodies may be
related to macrovascular diseases in patients with SSc, the
relevance of the presence of anti-LPL antibodies in patients
with SSc remains uncertain. Prospective and longitudinal
studies will be required to clarify the pathogenesis and the
relationship of anti-LPL antibodies to atherosclerosis and
macrovascular disease in SSc.
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