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A Soluble Receptor for Advanced Glycation End Product Levels in
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Objectives: In this study, we aimed to evaluate the
plasma levels of a soluble receptor for advanced glycation
end products (sRAGE) in patients with systemic lupus
erythematosus (SLE) and to investigate their relationship with
different clinical, laboratory, and therapeutic parameters.

Patients and methods: A total of 120 patients with SLE
(111 females, 9 males) and 40 age- and gender-matched
healthy controls were included. The plasma sRAGE
levels were measured using a commercially available
enzyme-linked immunosorbent assay (ELISA). The possible
relationship between plasma sRAGE levels with SLE clinical
and laboratory characteristics were also assessed. The
effectiveness of different therapeutic modalities on plasma
sRAGE levels was analyzed.

Results: The SLE patients had significantly lower plasma
levels of sSRAGE than the healthy controls (p=0.003). The
patients with a skin rash or serositis had significantly
higher sRAGE levels than those without (p=0.036 and
p=0.017, respectively). The SLE patients who were treated
over a longer period of time showed higher levels of
sRAGE than those treated for shorter periods (p=0.000).
No significant difference in levels was found among the
patients treated with corticosteroids and those treated with
combined therapy (p=0.89). There was a significant negative
correlation between the sRAGE level and the total white
blood cell (WBC) count (r=-0.356; p=0.003), lymphocytes
(r=0.341; p<0.001), and neutrophils (r=-0.289; p=0.006).

Conclusion: We found significantly decreased plasma
sRAGE levels in the SLE patients in our study. This suggests
that SRAGE levels may play a role in the pathogenesis of the
disease.

Key words: Advanced glycation end product; receptor; systemic
lupus erythematosus.

Amag: Bu c¢alismada sistemik lupus eritematdz (SLE)
olan hastalarda ileri glikasyon son drlnlerinin ¢dzun0r
reseptérinin (sRAGE) plazma diizeyleri degerlendirildi ve
bu diizeylerin farkli klinik, laboratuvar ve tedavi parametreleri
ile olan iligkisi arastirildi.

Hastalar ve yontemler: Calismaya toplam 120 SLE
hastasi (111 kadin, 9 erkek) ve yas ve cinsiyet eslestirmeli
40 saglikli kontrol alindi. Plazma sRAGE dizeyleri, ticari
olarak satilan enzim bagli imminosorbent test (ELISA)
kiti kullanilarak 6lglldi. Plazma sRAGE dizeyleri ve
SLE’nin klinik ve laboratuvar 6zellikleri arasindaki
muhtemel iliski de degerlendirildi. Farkh tedavi
yéntemlerinin sRAGE plazma dizeyleri (zerindeki
etkinligi incelendi.

Bulgular: Saglkli kontrollere kiyasla, SLE hastalarinin
plazma sRAGE dizeyleri anlamh dlizeyde daha dlsukti
(p=0.003). Cilt doékintlsli veya serozit olan hastalarin
sRAGE duzeyleri, olmayanlara kiyasla anlamli dizeyde
daha yuksekti (sirasiyla p=0.036 ve p=0.017). Daha uzun
slre tedavi edilen SLE hastalarinin sRAGE diizeyleri, daha
kisa sireli tedavi edilenlerden daha yuksekti (p=0.000).
Kortikosteroid ile tedavi edilen ve kombine tedavi edilen
hastalar arasinda diizey agisindan anlamli bir fark yoktu
(p=0.89). sSRAGE duizeyleri ve total beyaz kan hiicre (WBC)
sayimi (r=-0.356; p=0.003), lenfosit (r=0.341; p<0.001) ve
nétrofil (r=0.289; p=0.006) arasinda anlamh negatif bir
iliski vardi.

Sonu¢: Calismamizda SLE hastalarinda sRAGE plazma
dizeylerinin anlamli derecede azaldigi bulundu. Bu da,
sRAGE dizeylerinin hastaligin patogenezinde muhtemel bir
rol oynadigini géstermektedir.

Anahtar sézciikler: ileri glikasyon son riinii; reseptér; sistemik
lupus eritematéz.
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Systemic lupus erythematosus (SLE) is a chronic
autoimmune disease characterized by the involvement
of multiple organ systems. Its etiology is largely
unknown; however, it has been proposed that genetic
and environmental factors contribute to breaking
tolerance, resulting in the production of a variety of
antibodies directed at self-components.!! These auto-
antibodies form immune complexes can be deposited
in many tissues, particularly the skin and kidneys.>
Currently, research is being conducted to determine
what patho-physiological mechanisms are involved in
this entire process.

Receptor for advanced glycation end products
(RAGE) is a multi-ligand member of the
immunoglobulin super-family. It is expressed by
most types of immune cells, including macrophages,
neutrophils, and T cells and interacts with several
classes of ligands.**) Currently, the known RAGE
ligands include the high mobility group box-1
(HMGBI) protein, advanced glycation end products
(AGEs), and members of the S100/calgranulin family.

One of the proinflammatory mediators is the
HMGBI. It was originally recognized as a DNA-
binding protein but has recently been identified as
a damage-associated molecular pattern (DAMP)
molecule.®”!  This nuclear protein participates
in chromatin architecture and transcriptional
regulation,® but once released, it induces an
inflammatory response.”’® Extracellular HMGBI1
binds to cell surface receptors, including RAGE, toll-
like receptors 2 and 4, and others. Studies have shown
that interaction between HMGBI1 and RAGE results in
the production of type 1 interferon, which plays a key
role in the pathogenesis of SLE.!"'? In addition, tumor
necrosis factor-alpha (TNF-a) and interleukin 6 (IL-6)
are produced upon HMGBI activation of macrophages.
031 Tt has also been hypothesized that these cytokines
also affect some body organs as well as disease flare-
ups.'*1! In addition, it has also been postulated that
RAGE involvement in all pathophysiological processes
is reliant on HMGBL.!'® Some studies have reported a
relationship between the high serum level of HMGB1
and flare-ups of lupus disease activity.'”!s! All of these
observations support the notion that the HMBGI-
RAGE pathway plays a part in the pathogenesis of SLE.

Another class of ligands is the AGEs. They
result from a process in which non-enzymatic
glycosylation attaches to circulating compounds such
as lipids, proteins, or nucleic acids. This process
occurs under the effect of oxidative stress (OS) and
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hyperglycemia.”” Accumulations of AGEs have been
found in certain diseases, including diabetes mellitus
(DM) and Alzheimer’s. Since RAGE induction is
under the effect of AGEs, the RAGE-AGEs pathway
is thought to be incriminated in the pathogenesis of
these diseases.l2*2!

Receptor for advanced glycation end products is
a receptor for a family of about 20 related calcium-
binding proteins that are only expressed in vertebrates.
These include the S100s, which are cells that alter
several intracellular functions.”” In addition, many
types of body cells release S100s during inflammation;
therefore, they can be used as a measure of disease
activity.?** Furthermore, a significant correlation
has been found between high concentrations of serum
S100A8 /A9 and SLE disease activity, suggesting that
it can be used as a reliable test of infection in SLE
patients.’?’!

Soluble RAGE (sRAGE), a truncated form
of the receptor, has the same structure but lacks
the cytosolic and transmembrane domains. Two
general mechanisms are usually responsible for the
generation of soluble receptors. These are either
derived from the alternative splicing of messenger
ribonucleic acid (mRNA) or the cleaved products of
the membrane-bound form of metalloproteinase.?%?”]
Both sRAGE and complete RAGE have the same
ligand-binding specificity. Furthermore, sSRAGE may
act as a trap for pro-inflammatory ligands such
as HMGBI and inhibit their interaction with the
RAGE cell surface.’® Moreover, sSRAGE binds to
RAGE, causing the inhibition of its dimerization.
This leads to the upregulation of the nuclear factor-
KappaB (NF-kB) pathways. Thus, decreased levels
of serum sRAGE trigger the stimulation of RAGE
signaling and inflammation. In addition, lower levels
of serum sRAGE have been detected in several chronic
inflammatory diseases, for example multiple sclerosis
(MS), primary Sjogren’s syndrome, and rheumatoid
arthritis (RA).2%30

To date, only two studies have investigated the
serum sRAGE levels in SLE patients, and they reported
conflicting results.**? However, experimental
animal models have provided encouraging results
about the therapeutic role of sSRAGE.**** All of these
investigations indicate that it could represent a future
therapeutic target in chronic inflammatory diseases.

In this study, we investigated the plasma sSRAGE
levels to determine whether they are associated
with disease activity and clinical and laboratory
parameters.
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PATIENTS AND METHODS

Our study was composed of 120 patients with SLE
(111 females and 9 males) and 40 age- and gender-
matched healthy controls. The SLE patients were
selected from those who had received treatment in
the Suez Canal University Hospital outpatient clinics
from November 2011 to May 2012. All of the patients
conformed to the American College of Rheumatology
(ACR) classification criteria for the diagnosis of
SLE,™ and active disease was identified using the
Systemic Lupus Erythematosus Disease Activity Index
(SLEDALI), in which a score of >4 represents active
disease.B? This case-control study was approved by
the ethics committee of the Suez Canal University
and was carried out in accordance with the principles
of the Declaration of Helsinki. Informed consent
was obtained from all of the participants prior to
enrollment in the study.

Demographic and clinical data, including
cutaneous manifestations, arthritis, vasculitis,
myositis, renal and hematological disorders, along
with the patients’ history of drug therapy were
recorded at the time of blood collection. In addition,
tests were conducted to assess the following: blood
urea nitrogen level, serum creatinine, proteinuria,
and immunological parameters (serum C3, C4,
C-reactive protein (CRP), anti-double-stranded
deoxyribonucleic acid (anti-dsDNA), and antinuclear
antibodies (ANA).

Plasma concentrations of sRAGE levels were
measured using a commercially available enzyme-
linked immunosorbent assay (ELISA) kit (R&D
systems, Inc., Minneapolis, MN, USA) according to
the manufacturer’s protocol.

The ANA and anti-dsDNA were determined using
the AUTOFLUOR® Autoimmuneimmunofluorescence
system (DiaSorin, Inc, Stillwater, MN., USA),
and these assays were also done according to the
manufacturer’s instructions. Biochemical assays
were carried out using the Roche Hitachi 912 fully-
automated spectrophotometer (Roche Diagnostics
GmbH, Mannheim, Germany).

The data was expressed as mean * standard
deviation (SD), and comparisons between the
SLE patients and the controls were analyzed by
the Student’s t-test, one-way analysis of variance
(ANOVA), and Spearman’s rank correlation
coefficient. The SPSS version 15.0 for Windows
software program (SPSS Inc., Chicago, IL, USA) was

used to perform all statistical analysis. A two-tailed
p value of <0.05 was considered to be statistically
significant.

RESULTS

Among the 120 SLE patients, 85 had active disease
and 35 had inactive disease. Thirty-five patients were
newly diagnosed SLE patients and had not yet received
any treatment, 35 were on a monotherapy regimen
(corticosteroids), and 50 were on a combination
therapy (corticosteroids and immunosuppressors).
The demographic characteristics of the patients
and controls are shown in Table 1, and the clinical
and laboratory characteristics are shown in
Table 2. In addition, the plasma sRAGE levels in
the different categories of the study groups are
shown in Figure 1. The average plasma sRAGE level
of all of the SLE patients was significantly lower
than that of the controls (p=0.003), but the healthy
controls had significantly higher sSRAGE levels than
the SLE patients with active and inactive disease
(p=0.016 and p=0.003, respectively). However, no
significant difference was seen between the active
(922458 pg/ml) and inactive (807468 pg/ml) patients
with SLE (p=0.312).

The effect of SLE treatment on the sRAGE levels
was similar among the patients who had received
treatment and those who had not (p=0.85), and
the levels in both groups were significantly lower
than in the healthy controls (p=0.005 and p=0.023,
respectively). Furthermore, no significant differences
were identified in the SRAGE levels between the SLE
patients on the monotherapy regimen and those on
combined therapy (p=0.89) as well as between these
two groups and the untreated patients.

Concerning the treatment, the plasma sRAGE
levels in the SLE patients who had received short-term
treatment (<1 month) was lower than in the untreated
patients (p=0.020). Conversely, the sSRAGE levels in
patients who had undergone long-term treatment
(>1 month) were higher than those who had only
been treated for a short period of time (p<0.001), and
they were similar to the levels of the control group
(p=0.31).

We also investigated the connections between
the plasma sRAGE levels and the different clinical
criteria (presence versus absence) and found that
the sSRAGE levels in the SLE patients with cutaneous
manifestations and serositis were significantly
higher than for the patients without them (p=0.036
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Table 1. Characteristics of the systemic lupus erythematosus patients and the control group
Features SLE patients Controls
(n=120) (n=40)
n % Mean+SD n % Mean+SD
Age (years) 33.5+9.5 36.748.5
Disease duration (months) 33,7422
Gender
Male 9 7.5 8 20
Female 111 92.5 32 80
Active SLE 85 70.8
Inactive SLE 35 29.2
Cutaneous manifestations 60 50
Arthritis 66 55
Nephritis 75 63
Vasculitis 60 50
Serositis 14 12
Myositis 12 10
Hematological disorders 55 46
Untreated 35 29
Mono-therapy 35 29
Combined therapy 50 42
SLE: Systemic lupus erythematosus; SD: Standard deviation.

and p=0.017, respectively). However, no significant
associations were observed between sRAGE and the
other clinical features.

Additionally, the plasma sRAGE levels in the
SLE patients showed significant negative correlations
with the total white blood cell (WBC) count (r=-
0.356, p=0.003), lymphocytes (r=-0.341, p<0.001), and
neutrophils (r=-0.289, p=0.006). As for the glomerular
filtration rate (eGFR), it was estimated using the
Cockcroft-Gault equation and was not significantly
correlated with the sRAGE levels (p=0.875). The

patients with lower eGFRs (<90 ml/min per 1.73 m?)
showed higher sRAGE levels than the patients with
normal eGFRs (>90 ml/min per 1.73 m?), but the
difference was not statistically significant (p=0.754).

DISCUSSION

Our results showed that the plasma sRAGE levels in
the SLE patients in our study were lower than those
in the healthy controls. However, disease activity
did not exert a significant difference on the SRAGE
levels. The decrease in the sRAGE levels could

Table 2. Laboratory tests for systemic lupus erythematosus patients

Test Mean+SD Range
Anti-dsDNA Positive in all patients

Antinuclear antibodies Positive in all patients

C3 (gm/l) 0.70+0.35 0.14-1.60
C4 (gm/]) 0.1620.06 0.04-1.34
Urinary Protein (gm/day) 1.26+0.95 0.10-6.60
Creatinine (mg/dl) 1.79+0.75 0.67-5.80
Urea (mg/dl) 60+25 38-220
C-reactive protein (mg/L) 18.44+9.75 0.55-122.0
White blood cells (10°/ul) 7.98+5.64 0.90-27.00
Platelets (10°/ul) 187+80 15-680
Hemoglobin (gm/dl) 11.6+2.9 4.1-14.80
Lymphocytes (10%/ul) 1.45+0.85 0.20-6.10
Neutrophils (10°/ul) 6.12£3.32 0.40-25.10
Anti-dsDNA: Anti-double-stranded deoxyribonucleic acid.
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Figure 1. Plasma levels of soluble receptor for advanced glycation end products in the control group and systemic lupus
erythematosus (SLE) patients. The histogram and error bars show the mean level and standard deviation. eGFR: Estimated glomerular

filtration rate.

be explained by the consumption of this soluble
receptor. It has long been thought that a clearance
pathway of these sRAGE-ligand complexes exists
through the spleen and/or liver.’” Studies have
shown that the HMGBI1 plasma level, one of the
main RAGE ligands, is increased in the circulation
of SLE, leading to the binding and consumption
of sSRAGE during the inflammatory process.!'s!
Another possible regulatory route of the sRAGE
level is through alternative splicing and proteinases.
Zong et al.’ recently proposed that sSRAGE might
not only function as a ‘decoy’ to exert its inhibitory
effects on RAGE but also act in a more direct way
by binding to the cell surface of RAGE to block the
formation of homodimers. Hence, the decreased
levels of sSRAGE could contribute to enhanced
RAGE-mediated pro-inflammatory signaling, thus
supporting the possibility of the essential role of
RAGE in SLE pathology.

The results of this study are in agreement with a
similar recent study on 105 SLE Chinese patients by
Ma et al,®” but they differ from a report from the
Netherlands which showed that blood sRAGE levels
in patients with SLE were higher than those found
in healthy controls. Furthermore, when compared
with quiescent SLE, the blood sRAGE levels were
significantly increased during active disease in the
Dutch study.? This difference might be attributed
to the fact that the latter study only included 10 SLE
patients (9 Caucasians and 1 Asian). Also, the usage

of different medication regimes could have been an
influential factor.

In our study, we evaluated the association between
sRAGE levels and the main clinical SLE characteristics,
and neither patient age nor disease duration showed
any correlation with receptor levels. However, the SLE
patients with cutaneous manifestations and serositis
had higher sRAGE levels compared with those
without them (p=0.035 and p=0.017, respectively).
We also determined that the patients with other
manifestations, such as arthritis, myositis, vasculitis,
hematological disorders, and renal disorders, had
similar sSRAGE levels with those who did not.

The effect of impaired renal function on sRAGE
levels was identified in some studies in which the
patients had increased levels."” In addition, in a
study by Tan et al,*! serum sRAGE was found to
be associated with the severity of nephropathy in
patients with type 2 diabetes. In the present study,
the plasma sRAGE levels were higher in the patients
with lower eGFRs than in those with normal eGFRs,
but the difference was not statistically significant.
Additionally, the prevalence of SLE clinical
manifestations differs in different populations;®?
thus, more research is needed on this topic.

Some studies have shown that sRAGE levels
are affected by various types of therapy,*’ and an
association between methotrexate and significantly
higher sRAGE levels in the synovial fluid of RA
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patients has also been reported. However, these
higher levels were absent in the study by Pullerits
et al.®¥ in which the patients were treated with non
disease-modifying/anti-rheumatic agents. Our results
showed that there was no statistically significant
difference between the plasma sRAGE levels in the
treated and untreated SLE patients, (p=0.85) yet
the SLE patients on short-term treatment showed
a rapid and significant decrease in their plasma
SRAGE levels. We also found that the SLE patients
who had been treatment for less than one month had
lower plasma sRAGE levels than even the untreated
patients. Conversely, the patients treated for longer
periods had higher sRAGE levels than those on
a short therapeutic regimen. These results are an
agreement with the study by Ma et al.®? This suggests
that immediate and long-term therapeutic treatments
have different effects on the plasma sRAGE levels in
patients with SLE, which suggests that SRAGE may
play a different role in the initial and progressive
stages of the disease. However, the use of anti-
lupus therapy could be involved in the triggering
of a compensating mechanism that alters SRAGE
production and/or regulation.

In addition, RAGE has been implicated in
leucocyte migration. Chavakis et al.**! reported that
cell-bound RAGE functioned as a counter-receptor
for leucocyte integrin Mac-1 and was directly involved
in leucocyte recruitment. Hence, SRAGE has been
proposed to function as a potential inhibitor of
leucocyte recruitment. Our results showed significant
negative correlations between sRAGE levels and the
total WBC count, lymphocytes, and neutrophils. This
further highlights that SRAGE is associated with the
inflammatory process of SLE.

This is the third study to examine sRAGE levels
in SLE patients and the first involving an Arab
population. Our study benefited from having the
largest number of cases along with age- and gender-
matched controls. However, the controls were
volunteers, and it is possible that some of them
might have had underlying diseases which could have
affected our results.

The results of this study emphasize the possible
involvement of the RAGE pathway in the pathogenesis
of SLE, which could lead to it having a potential
therapeutic role. Further studies are required to
investigate the changes of SRAGE in disease
progression and the possibility of preventing or delay
in the SLE complication.
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