L eptin, Anti-HSP60, Anti-HSP65 and Anti-
oxL DL in Autoimmune Rheumatic Diseases

R. Wu?}, Y. Shoenfeld?, M.M. Cerinic®, R. Gerli4, B. Gilburd?,
F. Perfetto®, G. Shen?, L. Lehrhoff!, R. Morrist

IRDL Reference Laboratory, Los Angeles, California, USA; 2Sheba Medical
Center, Tel-Aviv University, Tel-Hashomer, Israel; *Dept. of Internal Medicine,
Universiti of Florence, Firenze, Italy; 4 Center for the Study of Rheumatic
Diseases, Dept. of Clinical & Experimental Medicine, University of Perugia,
Perugia, Italy

To investigate whether leptin, heat shock proteins (HSP), oxidized low-
density lipoprotein (oxLDL) are involved in the autoimmune rheumatic
diseases (AIRD). We studied sera of 47 patients with vasculitis, 38 patients
with Sjogren’ ssyndrome (SS), 44 patientswith systemic sclerosis (SSc) and
154 sex-matched healthy subjects (HS). Serum leptin, autoanti body against
(anti-) HSP60, HSP65 and oxL DL were determined by EIA. The level of
leptin was increased in male patients with vasculitis (p<0.05), anti-HSP60
inall patient groupswas|ower (p<0.05) and anti-oxL DL was higher in SSc-
patients (p<0.05) than HS. We conclude that levels of serum leptin, anti-
HSP60, anti-HSP65 and anti-oxL DL multiply varied in vasculitis-patients,
SS-patients and SSc-patients. These non-traditional factors are probably
involved in the process of AIRD.

I ntroduction

Pathological and clinical studies show that many non-traditional factors
may play an important role in the developing process of autoimmune rheu-
matic diseases (AIRD). Leptin possesses a cytokine-like ability to modu-
late the immuno-inflammatory response. Heat shock proteins (HSP) are
generated when cells are exposed to elevated temperatures or other envi-
ronmental stress. Low-density lipoprotein (LDL) undergoes oxidative
modification in vivo and it isimmunogenic. All these factors are involved
in immune-inflammatory response. Leptin is a nonglycosylated multiple
functional protein which may possess a hormonal feature to regulate the
balance between food intake, energy expenditure, and a role of a cytokine
to promote or reduce an immune reaction (1). Leptin has been suggested
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(2-4) to be amodulator of pre-inflammatory and immune response by vir-
tue of its interaction with leptin receptors expressed on peripheral blood
mononuclear cells, vascular endothelial cells, smooth muscle cells and
osteobl asts.

HSP, a putative intracellular autoantigens, constitute a group of highly
conserved intracellular proteins that are produced by prokaryotic and
eukaryotic cellsin response to perturbations of the cell’ s environment, such
asthose induced by high temperature, infection, or mechanical stress. How-
ever, when over expressed in response to stress, HSP could translocate to
and reside on the cell surface, where these cryptic antigens could be recog-
nized by the immune system, thereby triggering an immune response. Un-
der certain conditions, they could bereleased from cells(5,6). Anti-HSP cause
cytotoxic effects on heat-stressed human endothelial cells through comple-
ment activation or antibody dependent cellular cytotoxicity (7).

OxLDL frequently presents in the sera of patients with autoimmune
conditions (8). OxLDL has been associated with both subclinical athero-
sclerosis and inflammatory variables. OxLDL isimmunogenic and stimu-
lates the induction of anti-oxLDL. Anti-oxLDL isinvolved in the progres-
sion of autoimmune disease, i.e. rheumatoid arthritis, systemic lupus ery-
thematosus and anti phospholipid syndrome, and in diabetes mellitus, uremia,
chronic periaortitis, hepatocellular carcinoma, beta-thalassemia, psoriasis,
preeclampsia and eclampsia (8).

During the last decade evidence has accumulated to indicate that leptin,
oxLDL and HSP often are involved in modulation and initiation of
autoimmune diseases. In order to investigate the role of these factors, we
have determined the concentrati ons of serum | eptin, anti-HSPE0, anti-HSP65
and anti-oxLDL in several patient groups with AIRD and 135 healthy sub-
jects.

Patients and Methods

Thirty-eight female patients with Sjoégren’ s syndrome (SS) with an av-
erage age48.7 yearsand amean disease duration of 7.27 yearswereincluded
in this group. The diagnosis of SS was performed according to the Ameri-
can-European classification criteriafor SS (9). Forty-seven patients with
vasculitis, some of which had either Wegener’ sgranulomatosi s, microscopic
polyangiitis or renal-limited vasculitis (20 females and 27 males with an
average age of 43.9 years), were enrolled in the study. Forty-four women
patients with systemic sclerosis (SSc) with an average age 45.6 years were
included in the study. One hundred and fifty-four healthy subjects (HS) (64
females and 90 males with an average age of 44.2 years) were used as con-
trol. All the patients and the HS had a body mass index ranging between18
and 25.

The concentration of serum leptin was determined by a commercial
activeld human leptin enzyme linked-immunosorbent assay (EIA) kit (Di-
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agnostic Systems Laboratories, Inc. Webster, Texas). The separation and
cupper-oxidization of LDL were performed as described previously (10).
To assess the extent of oxLDL in terms of the modified surface charge on
the apolipoprotein B100, lipoprotein electrophoresis was performed using
a Beckman Paragonld] electrophoresis system (11). The concentration of
L OOHSs following oxidation was 481+38 nmol/mg of LDL protein (n=3)
as determined using the FOX assay (11), and the concentration of conju-
gated dienes was 219+32 nmol/mg of LDL protein (n=3) as measured spec-
trophotometrically. The alteration of the surface charge of apolipoprotein
B 100, as assessed by measuring the el ectrophoretic mobility relativeto BSA,
was 0.27+£0.04 (n=3) and 0.45+0.03 (n=3) for native LDL and oxLDL, re-
spectively.

IgG and IgM anti-oxL DL weredetermined by EIA essentially asdescribed
(10). OxLDL wasdilutedto 2 pg/mL in coating buffer (carbonate-bicarbonate
buffer 50 mmol/L, pH 9.7), and 100 mL/well wasused to coat EL I SA plates
(Costar 2581). The plates were kept at 4°C overnight, washed 4 times with
phosphate-buffered saline (PBS) containing 0.05% Tween-20, and then
blocked with 20% adult bovine serum in PBS (20% ABS-PBS) for 2 hours
at room temperature. They were then incubated with 100 pL serum diluted
1:100 in 20% ABS-PBS at 4°C overnight. After 4 washings with PBS, the
plateswereincubated with 100 mL of alkaline phosphatase-conjugated goat
anti-human 1gG (Sigma A-3150; Sigma Chemical, St Louis, MO) diluted
1:9000, or IgM (SigmaA-3275) diluted 1: 7000 with PBS at 37°Cfor 1 hours.
After 4 washings, 100 pL of substrate (phosphatase substrate tablets, Sigma
104) was added. The plates were incubated at a room temperature for 30
minutesand read in an ELISA Multiskan Plus spectrophotometer at 405 nm.
Each determination was done in triplicate. All samples were measured in a
single assay, and the coefficient of variation was 10% to 15%.

Anti-HSP60 and anti-HSP65 were determined (12) on EIA plates coated
with 100 pL/well of 1 mg/mL HSP60 (StressGen, Victoria, BC Canada) or
HSP65 (Lionex Diagnostics, Braunschweig, Germany) in a coating buffer
over night. Plateswere washed, and nonspecific binding siteswere blocked.
Serum samples were diluted in 1:100 in PBS containing 1% of BSA, then
added into each well, and bound antibodies were detected by alkaline phos-
phatase conjugated polyclonal goat anti-human IgG/M followed by p-
nitropheny! phosphate substrate. Antibody concentrations were determined
by comparison with a standard curve that was generated with samples of
predetermined high levels that had been assigned a concentration of 1000
arbitrary units/mL.

Statistical Analysis

Conventional methods were used to calculate the means and standard
deviations. For skewed variables, non-parametric tests were employed to
determine for comparisons between the groups (Mann-Whitney U-test),
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whereas simpleregression was used to analyze the correl ations between the
concentrations of leptin and the titers of antibodies. The significance lev-
elswas put at a probability of < 0.05.

Results

The concentrations of serum leptin in patients and healthy subject groups
are shown in Table 1. Elevated levels of Ieptin were found only in male-
patients with vasculitis (p<0.01; Table 1 and Fig. 1) with adecreased trend
of leptin levelsin female patients with SS and SSc (Table 1).

Anti-HSP60, anti-HSP65 and anti-oxLDL titers were measured. The

Table 1. The concentrations of serum leptin in patients with autoimmuno rheumatic
diseases and healthy subjects

Group Sex Leptin p value
Mean * SD (ng/mL)
. Male 13.1£6.50
Healthy Subject ;o nale 45,5+ 46.5
Vasculitis Male 27.7+243 0.0042*
Female 50.7+52.3 0.8831%*
Sjogren's Syndrome Female 254+22.1 0.083*
Systemic Sclerosis  Female 29.0 +37.2 0.092*

*Compared with sex matched healthy subject group
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Figure 1. Individual concentration of serum leptin in male healthy subjects and male
vacuities-patients. The narrow lines show the mean levels in each group.
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Table 2. The levels of autoantibodie s to HSP60, H3065 and oxLDL in patients with
autoimmuno rheumatic diseases and healthy subjects

Antibody Specificity HSP60 HSP60 HSP65 HSP65 OxLDL OxLDL
Antibody Class IgG IgM IgG IgM IgG IgM
Group Sex Mean£SD (unit/mL)

Healthy Subject  Mixted 162.3+55 82436  98.6£108 111.6+33 96.6+£9 113.5+78
Male  104.3+42* 58.7422* 115.2£134 100.7£17 103.74#42  110.9+£39

Female 125.8+151% 64.4£33* 112.5+204 97.2+12  94.2+10 108.6+25

Sjogren's Syndrome Female 112.3430* 67.9£17* 61.7440%  96.1£9 96.8+19 94.8+19
Systemic Sclerosis  Female 137.6+70* 86.8+31  109+£104 114.5438 110.3+£25#  126+32#

Vasculitis

* Significant lower than healthy subjects, p <0.05
#Significant higher than healthy subjects, p <0.05

results of the patients and healthy subject groups are depicted in Table 2.
Both IgG and IgM levelsof anti-HSP60 werelower indl patient groups except
IgM in patientswith SSc. The lgG level of anti-HSP65 waslower inthe group
with SS. Both IgG and IgM levels of anti-oxL DL were higher in the group
with SSc.

We analyzed the relationship between the serum leptin and the
autoantibodiestiters. Therewere asignificantly inverse correl ations between
the levels of leptin and IgM anti-HSP65 (R=0.391, p<0.05) or IgM anti-
oxLDL (R=0.382, p<0.05) in patients with SS.

Discussion

We determined the bioactive molecular |eptin concentration, anti-oxL DL,
anti-HSP60 and anti-HSP65 titersin several patient groupswith AIRD. Our
results showed significantly increased levels of serum leptin in males with
vasculitisand adecreased trend of leptin levelsin patientswith SS and SSc;
asignificantly decreased IgG and IgM anti-HSP60 in al patient groups, except
IgM in SSc, and increased 1gG and IgM anti-oxLDL in patients with SSc
compared with sex and age matched healthy subjects.

Leptin possesses several functions including an adipose tissue-derived
messenger, physiologica hormone-modul ating action and immune cytokine-
regulating role (13,14). Serum leptin levels were found to vary in avariety
of AIRD conditions, such as systemic lupus erythematosus (SLE), Behcet’s
syndrome and rheumatoid arthritis (RA) (15-21). Thelevelsof serum leptin
are elevated in patients with Behcet’ s syndrome and RA (15,16). Thus, the
leptin could be specifically related to degree or activity of the disease (15,16).
Therecent investigationsindicate that serum levelsof leptin correlated nega-
tively with androstenedione concentrations and directly influenced chronic
inflammation in SLE and RA-patients, not HS (17). Leptin production is
increased in the circulation and consumed within synovial fluid in patients
with RA to suggest that |eptin has a protective role against the destructive
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course of RA (18). Another study showed although concentrations of leptin
were higher in SLE-patients than controls, but the concentrations of leptin
did not relate with disease activity index (19). Other studies have, however,
failed to show any relationship between RA activity and levelsof leptin. The
leptin levels were nearly the same between RA-patients and HS (20,21).

The explanation for the phenomenon of the leptinlevel variation inthese
AIRD iscomplicated. It is known that leptin may play arole in inflamma-
tion and angiogenesis (14). Leptin stimulates hematopoiesis and enhances
the production and phagocytic activity. It looks like that leptin may func-
tion asastress-related hormone, rel ated to immuno-inflammatory responses
(22). Our data show €levated concentration of leptin in male vasculitis-pa
tients. A probable explanation is that leptin exerts an effect to of up-regu-
lating the inflammatory response in the disease process of vasculitis. In a
general inflammatory response, the component events of acute inflamma-
tion work together to alleviate the noxious stimulus and promote healing
so that the area can be cleared for the repair process. Meanwhile, the acute
inflammatory response, as the combination of vascular and cellular events
that can giveway in timeto chronic inflammation, resultsin tissue damage.
Several studies have been reported that infection and inflammation may
elevate the production of leptin. It has a systemic effect in regulating the
neuroendocrine and immune function (23). The multiple cytokines and in-
flammatory processes can raise leptin levels and play a significant rolein
the anorexia and cachexia of inflammatory diseases (24). Leptin enhances
Thl-type cytokines production by human T lymphocytes and may cause an
effect on anti-CD3 stimulation, which increases the production of
proinflammatory cytokine IFN-y and IL-2 (25,26). All these immune fac-
tors may be involved in the AIRD process. However, the change in levels
of leptin whether playing a stimulatory or an inhibitory effect and the sex
dimorphism of leptin in vasculitisis not yet clear.

AIRD disorders are characterized by autoantibodies to self-antigens or
alloantigens, non-organ specific antigens, specifically, antigens occurring
in nucleated cells or among circulating plasma proteins (27). Tissue injury
in autoimmunity may be induced by different stimuli, including mechani-
cal stress and reaction to oxLDL. Injury endothelial cells may induce an
increased expression of some cell protein, such as HSP (28). It has been
suggested that free radical-induced oxidative stress may ater the immune
process; scleroderma antigens are sensitive to reactive oxygen species and
result in fragmentation of the autoantigen. Theincreased L DL oxidation and
thereduced circulating level s of anti-oxidants occur in SSc-patients (29,30).
The oxidative damage is widespread and multi-aspects. The numbers of
oxygen freeradicalsareincreased in SSc-patient, which can play animportant
role in the development of SSc progression (31,32). Our results indicate
elevated levelsof anti-oxL DL in SSc-patients. The antigen epitopesof oxLDL
also include a copper-oxidized LDL besides the MDA-oxidized LDL (33)
and the calcium-oxidized LDL (34). It providesfurther evidencethat oxidative
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stress with oxL DL contributes to the pathogenesis of SSc.

Thelevels of anti-HSP60 were decreased in all three patient groupswith
AIRD. The underlying cause of the decreased titersis not clear but prob-
ably may entail immunological, endocrine and genetic factors. Vasculitis,
SS, and SSc with systemic manifestations are diseases reflecting a gener-
alized defect in immune regulation, the tissue injury that is mainly caused
by autoantibodies. The occurrence of HSPisan earlier event intissue damage
and has aprotecting roleto neighboring cellsand tissues (5,35). On the other
hand, the expression of HSP on the surface of the endothelium can stimu-
late the lymphocytes to release anti-HSP (6,7). In principle, decreased an-
tibody levels may reflect either an increased consumption or a decreased
production of the antibodies. In this case, the most possible explanation for
theanti-HSP60 in vasculitis, SS, and SSc-pati entsisan increased consumption
dueto anincreased binding of HSPGE0 resulting inimmune complex formation
and enhanced removal in circulation. Another alternative explanation (36)
isthat more anti-HSP60 could be trapped in the endothelium or tissues that
express HSP on the surface, which might further extend the tissue damage.
Thethird explanation isthat adecreased production of certain autoantibodies
in vivo can be induced by a strong cell mediated responses. T cells are ca-
pable of modulating the immune response in a positive sense by providing
T-cell help, whichismainly exerted by Thl and Th2. As Thl cells mediate
the T cell response, there occurs a concomitant inhibition of both Th2 cell-
mediated production of antibodies and humoral immune responses. It has
been analyzed that T cells are important in the pathogenesis of the certain
AIRD. SSc may be a specific antigen-driven T cell disease (37).

Taken together, our investigation indicates increased leptin concentra-
tion in male vasculitis-patients, elevated anti-Cu** oxLDL in SSc-patients
and decreased anti-HSP60 in vasculitis-patients, SS-patients and SSc-pa-
tients. The nature and origin of these non-traditional factorsin AIRD isnot
yet clear. The importance of the findings in evaluating these diseases also
remains to be further investigated.
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