Research Article (Arastirma Makalesi)

Soluble Receptor Level of Advanced Glycation (SRAGE) Products
in Serum in Patients with Systemic Lupus Erythematosus

Sistemik Lupus Eritematozuslu Hastalarda Serumda Gelismis Glikasyon Uriinlerinin
(Coziiniir Reseptorii (SRAGE) Seviyesi

Serdar GOK!, Burak OKYAR?, Defne Ay TUNCEL?, Fatma Inanc TOLUN®, Filiz Alkan BAYLAN*, Can ACIPAYAM?,
Adem DOGANER®, Gozde Yildirim CETIN?

! Kahramanmaras Siit¢ii Imam University, Faculty of Medicine, Department of Internal Medicine, Kahramanmaras, Turkey

2 Kahramanmaras Siit¢ii Imam University, Faculty of Medicine, Department of Internal Medicine, Division of Rheumatology, Kahramanmaras, Turkey
3 Adana City and Training Research Hospital, Department of Pediatric Hematology — Oncology, Adana, Turkey

4 Kahramanmaras Siitci imam University, Faculty of Medicine, Department of Medical Biochemistry, Kahramanmaras, Turkey

5 Kahramanmaras Siit¢ii Imam University, Faculty of Medicine, Department of Pediatric Hematology-Oncology, Kahramanmaras, Turkey

¢ Kahramanmaras Siit¢ii Imam University, Faculty of Medicine, Department of Biostatistics and Medical Informatics, Kahramanmaras, Turkey

Ozet

Amag: Sistemik Lupus Eritematozus (SLE) niikleer otoantijenlere kars1 antikor olusumu ile karakterize otoimmiin bir hastaliktir. fleri Glikasyon Reseptorii
(RAGE) nétrofiller, makrofajlar ve T hiicreleri gibi birgok bagisiklik sistemi hiicresi tarafindan iiretilir ve birgok ligand sinifi ile etkilesime girer. Bu sonuglar
1s18inda, RAGE’nin ¢6ziinebilir formu olan sSRAGE seviyesi hastalik aktivitesi ile iligkili olabilir. Bu bilgiler 1s131inda, plazma sSRAGE diizeyleri ile SLE
arasinda bir iliski olup olmadigini degerlendirmeyi amagladik.

Gereg ve Yontemler: SLE tanis1 konmus on sekiz hasta (E/K: 1/17) ve herhangi bir hastalik tanis1 olmayan yirmi bir hasta (E/K: 2/19) kontrol grubu olarak
¢aligmaya dahil edildi. Bu hastalarda plazma sRAGE diizeyi ELIZA (enzyme-linked immunosorbent assay) kiti (BioVendor Research and Diagnostic Pro-
ducts) kullanilarak ELIZA yontemi ile 6l¢iildii. Elde edilen veriler gruplar arasinda karsilastirildi.

Bulgular: Ortalama plazma sRAGE diizeyi SLE hastalarinda saglikli kontrol hastalarma gore daha diisiiktii ancak istatistiksel olarak anlamli degildi
(p=0.966). Caligmamizda SLE’li hastalarda SLEDAI ve sRAGE diizeyleri arasinda pozitif bir korelasyon bulundu (r=0.628, p=0.005). SLE’li hastalar
arasinda anlamli bir korelasyon bulunmamasina ragmen, aktif SLE olarak smiflandirilan on dort hasta ile kontrol grubu arasinda sSRAGE diizeyleri pozitif
korelasyon gostermistir.

Sonug¢: Calismamizda, SLE’li hastalarda plazma sSRAGE diizeylerinin saglikli kontrollere gore daha diisiik oldugunu, ancak aktif SLE’li hastalarda plazma
SRAGE diizeylerinin inaktif SLE’li hastalardaki plazma sRAGE diizeylerinden daha yiiksek oldugunu bulduk. SLE’li hastalarda sSRAGE diizeylerindeki
azalmanin bu ¢6zlniir reseptoriin tilkenmesi ile agiklanabilecegini varsaydik. Caligmamiz, SLE’li hastalarda kan sSRAGE diizeylerinin saglikli kontrollere
gore daha yiiksek oldugunu gosteren benzer bir baska ¢alismadan farkliydi. Kan sRAGE diizeyleri, aktif hastalik sirasinda, sakin SLE hastalarina kiyasla
onemli 6lgiide artmustir.

Anahtar kelimeler: Sistemik Lupus Eritematozus, sSRAGE, Hastalik Aktivitesi

Abstract

Objective: Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized by antibody formation against nuclear autoantigens. A receptor
for Advanced Glycation (RAGE) is produced by many immune system cells, such as neutrophils, macrophages, and T cells, and interacts with many classes
of ligands. In light of these results, the level of SRAGE, the soluble form of RAGE, may be associated with disease activity. In light of this information, we
aimed to evaluate whether there is a relationship between plasma sSRAGE levels and SLE.

Materials and Methods: Eighteen patients diagnosed with SLE (M/F: 1/17) and twenty-one patients without any disease diagnosis (M/F: 2/19) were in-
cluded as the control group. In these patients, plasma sSRAGE level was measured by ELIZA method using an ELIZA (enzyme-linked immunosorbent assay)
kit (BioVendor Research and Diagnostic Products). The data obtained were compared between the groups.

Results: The mean plasma sSRAGE level was lower in patients with SLE than in healthy control patients but not statistically significant (p=0.966). Our study
found a positive correlation between SLEDAI and sSRAGE levels in patients with SLE (1=0.628, p=0.005). Although no significant correlation was found
between patients with SLE, sSRAGE levels were positively correlated between fourteen patients classified as active SLE and the control group.

Conclusions: In our study, we found that plasma SRAGE levels in patients with SLE were lower than in healthy controls, but plasma sRAGE levels in
patients with active SLE were higher than plasma sRAGE levels in patients with inactive SLE. We hypothesized that reduced SRAGE levels in patients
with SLE could be explained by the depletion of this soluble receptor. Our study differed from another similar study showing that blood sSRAGE levels were
higher in patients with SLE than in healthy controls. Blood SRAGE levels were significantly increased during active disease compared with patients with
quiescent SLE.
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INTRODUCTION

Many organs are affected by the chronic autoim-
mune illness known as systemic lupus erythematosus
(SLE). Although the source of the disease is unknown,
genetic and environmental factors have been impli-
cated as well as several antibodies directed against
self-components (1). RAGE, a member of the immu-
noglobulin superfamily, is a multi-ligand receptor for
advanced glycation end products. Many immune cells,
such as macrophages, neutrophils, and T cells, generate
RAGE, which interacts with various kinds of ligands
(2). At the moment, S100/calgranulin family members,
advanced glycation end products (AGEs), and high
mobility group box-1 (HMGB1) interact with known
RAGE ligands.

Studies have identified HMG-1 as a damage-associ-
ated molecule (DAMP) (3). This nuclear protein pro-
motes the inflammatory response while contributing to
chromatin shape and transcriptional control (4). Extra-
cellular HMGBI interacts with toll-like receptors 2 and
4 and RAGE on cell surfaces (TLR-2 and TLR-4). Type
1 interferon (IFN), which is crucial in the pathophysi-
ology of SLE, is created as a result of this interaction.
This is vital to the development of SLE’s pathogenesis
(5,6). After RAGE interacts with macrophages and ac-
tivates them with HMGBI, the resulting production of
tumor necrosis factor-alpha (TNF-alpha) and interleu-
kin-6 (IL-6) occurs. It has been asserted that HMGBI is
required for RAGE’s involvement in all of these patho-
physiologic processes (7,8). High blood HMGBI levels
have been linked in certain studies to an increase in
lupus activity (9).

A process in which non-enzymatic glycosylation
attaches to circulating substances including lipids, pro-
teins, or nucleic acids results in the formation of the class
of ligands known as AGEs. During this time, oxidative
damage and hyperglycemia are factors. Renal failure
and diabetic mellitus (DM) have both been linked to
AGE buildup (10). Increased AGE levels were observed
to positively correlate with endothelial RAGE levels in
studies, and RAGE immunoreactivities are brought on
by increasing AGE levels (11,12). Studies have found that
a rise in AGE is accompanied by an increase in MMP
(particularly MMP-9) in macrophages (13). When MMP
levels rise, SRAGE and esRAGE plasma levels rise as well.
Patients with SLE have also been observed to have higher
AGE levels (14). The RAGE-AGE pathway is thought to
be involved in the development of many disorders be-
cause AGEs regulate RAGE induction (15).

Only vertebrates express the approximately twenty
calcium-binding protein family receptors that make up
the S100 protein family, which function as receptors
for advanced glycation end products (16). This protein

family functions as DAMP-like HMGBI1 and aids intra-
cellular signaling. S100s are produced by many bodily
cells during inflammation, making them a useful indi-
cator of disease activity (17). Several investigations have
discovered a correlation between the S100 subclass pro-
teins S100A8 (calgranulin A) and S100A9 (calgranulin
B), and the activity of the SLE illness (18,19).

The enzyme matrix metalloproteinase (MMP)
transforms the RAGE receptor into the cytosolic and
transmembrane fragmented forms of the receptor, re-
spectively (20). RAGE interacts with HMGBI1, AGE,
and S100 as its plasma-soluble form, or sSRAGE. Some
ligands that promote inflammation are caught by
SRAGE. Combining sSRAGE-HMG1, sRAGE-AGE, and
SRAGE-S100 stops these ligands from interacting with
RAGE, which inhibits the pro-inflammatory pathway
(21). Furthermore, sSRAGE binds to RAGE and pre-
vents it from dimerizing. As a result, decreasing serum
SRAGE levels cause RAGE signaling and inflamma-
tion-stimulating RAGE. Several chronic inflammatory
disorders, including rheumatoid arthritis (RA), pri-
mary Sjogren’s syndrome, and multiple sclerosis (MS),
have been linked to low serum sRAGE levels (22).

According to all these pathophysiologic pathways,
the pathophysiology of systemic lupus erythemato-
sus may be significantly influenced by sSRAGE. Serum
SsRAGE levels in SLE patients have been the subject of
several investigations up to this point, with mixed find-
ings being reported (23,24). On the other hand, research
using animal models has produced promising findings
about the therapeutic potential of SRAGE (25,26). These
investigations imply that it could be a potential thera-
peutic target for inflammatory illnesses with a chronic
course. Hence, to ascertain if disease activity, and clin-
ical, and laboratory factors are linked with sRAGE, we
examined plasma sRAGE levels in this investigation.

MATERIALS AND METHODS

The study’s participants were twenty-one healthy
controls and eighteen SLE patients. Age, sex, and the
length of time since the sickness first manifested itself
were among the patients’ socio-demographic variables
that were noted.

sRAGE measurement of plasma An automated ELI-
SA reader (Thermo Scientific, Finland), a computer
application, and a commercial ELISA kit (BioVendor
Research and Diagnostic Products) were used to meas-
ure the levels of human sRAGE serum (Skanlt for Mul-
tiscan FC 2.5.1). The range of analysis was 1-3200 pg/
mL, and the sensitivity was 19.2 pg/mL. 5.3% within
the study and 8.8% between studies for CV. The out-
comes were expressed in ng/mL.

KSU Medical Journal 2024;19(2): 29-34

KSU Tip Fak Der 2024;19(2): 29-34



GOK et al.

Clinical measures, illness duration, therapeutic reg-
imens, standard laboratory test outcomes, antibody
findings, and SLE Disease Activity (SLEDAI) ratings
were noted. Individuals under the age of 18, those with
rheumatologic conditions other than SLE, and those
with long-term conditions including diabetes mellitus
and hypertension that may have an impact on sRAGE
levels were also disqualified. Patients having a history of
drinking alcohol or smoking cigarettes were excluded.

Statistical Analysis

The data analysis tool utilized was IBM SPSS ver-
sion 22. The Shapiro-Wilk test was used to assess the
data’s appropriateness for a normal distribution of the
variables. Using independent samples t-tests, two-
group comparisons of the variables with a normal dis-
tribution were carried out. The Mann-Whitney U test
was applied for variables that could not be distributed
normally. The Pearson test was used to examine the as-
sociation between the variables. The distributional link
between categorical variables was analyzed using the
Chi-square test. We utilized frequency (n), ratio (%),
mean, standard deviation, and median min-max as sta-
tistical metrics. The threshold for statistical significance
was set at 0.05.

RESULTS

The study included 18 SLE patients (M/F: 1/17) and
21 patients (M/F: 2/19) as the control group. Four pa-
tients were considered inactive in the SLE group, and
14 were considered active SLE according to SLEDAI
criteria. The mean age (years, mean + SD) of the pa-

tients diagnosed with SLE was “39.7 + 11.0,” and the
mean age of the healthy control group was “40.9 + 7.8”
The patients with SLE mean disease duration (months,
mean * SD) was “49.9 + 40.6”. Height (mean + SD cm),
weight (mean + SD kg), and BMI (mean * SD kg/m?2)
were “163.2 £ 107, “68.5 £ 12”,“26.9 + 2.3” and “165.2 +
87 “67.5+£ 97 “27 £ 3” in patients with SLE and control
group, respectively. Five patients with SLE were diag-
nosed with malar rash, three with neurologic problems,
eight with arthritis, four with lupus nephritis, three
with vasculitis, and three with serositis.

The mean plasma sRAGE level in patients with SLE
(949.8 + 397.0 pg/mL) was lower than in healthy con-
trol patients (954.9 + 341.9 pg/mL) but not statistically
significant (p=0.966). Plasma sRAGE levels in patients
with active SLE (1527.5 + 327.2 pg/mL) were higher
than sRAGE levels in patients with inactive SLE (784.8
+ 223.4 pg/mL) and statistically significant (p<0.01).
There was a positive correlation between SLEDAI and
SRAGE levels in patients with SLE (r=0.628, p=0.005).

To investigate the possible effects of different treat-
ment modalities on plasma sRAGE levels in patients
with SLE, we compared plasma sRAGE levels in treated
and untreated patients. The treatment received by the
patients is summarized in Table 1. The mean plasma
SRAGE level of 1 patient who received no treatment
was “1172 pg/mL’, the mean plasma sRAGE level of pa-
tients receiving monotherapy was “936.81 + 405.3 pg/
mL,” and the mean plasma sRAGE level of the healthy
control group was “954.9 + 341.9 pg/mL’ The mean
plasma sRAGE level of SLE patients treated with poly-
therapy was “915.3 + 442.4 pg/mL”. There was no statis-
tically significant difference between the three groups
(p=0.581, p=0.617, p=0.451).

Table 1. Treatment in patients with SLE

Treatment Patients With SLE
Without treatment Monotherapy [n(%)] 1(5.6%)
Monotherapy [n(%)] 5(27.8%)

Polypharmacy [n(%)] 12 (66.7%)
Steroid [n(%)] 15 (83.4%)
Cyclophosphamide [n(%)] 5(27.8%)
Hydroxychloroquine [n(%)] 3 (16.7%)
Mycophenolate mofetil [n(%)] 5 (27.8%)
Azathioprine [n(%)] 7 (38.9%)
Methotrexate [n(%)] 4(22.3%)
Rituximab [n(%)] 2 (11.1%)
Intravenous immunoglobulin (IVIG) [n(%)] 2 (11.1%)
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In our study, photosensitivity, oral ulcer, malar rash,
discoid rash, acute skin lupus, chronic skin lupus, avas-
cular necrosis, arthritis, nephritis, vasculitis, serositis,
myositis, Raynaud’s findings were considered as clinical
features of SLE. A positive correlation was found be-
tween plasma sRAGE level and malar rash, one of the
clinical findings of patients with SLE (r=0.49, p=0.39).

DISCUSSION

In this research, we discovered that plasma sRAGE
levels in SLE patients were lower than in healthy con-
trols, but that plasma sRAGE levels in SLE patients who
were actively ill were greater than those who were in-
actively ill. Previous research has demonstrated that a
variety of immune systems, including neutrophils, T
cells, and macrophages, release RAGE (2). According
to our study, patients with active SLE had higher levels
of sSRAGE than those with inactive SLE. With an in-
crease in immune cells, SRAGE synthesis rises during
active illness. The consumption of HMGB1, AGE, and
§100 ligands, which occur with the enhanced pro-in-
flammatory response by interacting with sRAGE, may
be the cause of the decreased SRAGE level in active SLE
patients compared to the healthy control group. This
finding from our investigation could offer a little hint
as to how sRAGE functions in the pathophysiology of
SLE. Moreover, this finding implies that SRAGE has a
role in the pathogenesis of SLE. According to certain
research, SLE patients have higher levels of HMGBI,
an essential ligand, which causes SRAGE to bind and
become depleted throughout the inflammatory process
(27,28). The pathophysiologic process we described in
our study and the findings are supported by this re-
search. Further research should clarify if alternative
splicing and proteinases are also involved in controlling
SRAGE levels in SLE patients.

Our findings were different from those of another
investigation that revealed blood sRAGE levels to be
greater in SLE patients compared to healthy controls.
Comparing individuals with quiescent SLE to those
with active illness, blood sRAGE levels were consid-
erably higher (29). The results may be influenced by
pharmaceutical usage, which is one explanation for this
disparity. The limited sample size of this study might
potentially bring on the disparity.

In contrast to the study by C.Y.Ma et al, we did not
find a relationship between sRAGE levels and age or
duration of the disease (28). This finding implies that
the relationship between sRAGE and disease activity
is complete and irrespective of illness duration. The

pathophysiologic mechanism previously indicated is
supported by this finding. Once more, we discovered
a connection between sSRAGE and malar rash. We did
not discover a connection between sRAGE and the in-
volvement of other organs. This finding demonstrates
that there is an association between sRAGE and dis-
ease severity irrespective of organ involvement as all
patients with malar rash belonged to the group of
individuals with active SLE. According to Tan et al,,
serum sRAGE levels are correlated with how severe
nephropathy is in type 2 diabetic individuals (30). No
correlation between organ involvement and severity
was found in our investigation. Research has revealed
that patients with poor renal function may have a rise
in serum sRAGE (31,32). This outcome may be differ-
ent in people with type 2 diabetic nephropathy due to
lower glomerular filtration rate rather than organ in-
volvement. Patients with lupus nephritis in our study
did not have lower GFR; instead, they had proteinu-
ria. As a result, we were unable to find a connection
between nephritis and sSRAGE. This research indicates
that sSRAGE may reflect disease activity irrespective of
organ involvement.

The generation of autoantibodies is a crucial aspect
of SLE. Nevertheless, our investigation did not see an
association between autoantibodies and sRAGE levels
in SLE. In one investigation, sSRAGE levels were equiv-
alent between ANA-negative and ANA-positive SLE
patients. Moreover, in a second investigation, plasma
sRAGE levels in individuals with anti-dsDNA anti-Sm
positivity were not significantly different from those
with negative results (28,33). Our findings demonstrat-
ed that SRAGE level was not related to the generation of
autoantibodies. No correlation between any antibody
and sRAGE was found in our investigation. According
to this finding, sSRAGE may be linked to disease activity
without regard to organ involvement or autoantibody
positivity. The pathophysiologic mechanism will be
turther clarified by more research.

In conclusion, the RAGE pathway may play a role
in the pathogenesis of SLE, as indicated by low plasma
SsRAGE levels in SLE. This study suggests that there may
be an inverse relationship between sRAGE levels and
disease severity in SLE. This suggests that SRAGE has a
role in the pathophysiology of SLE. Age, gender, organ
involvement, and autoantibody positivity did not seem
to have any effect on the association with sRAGE. It is
currently unclear how sRAGE levels change as the dis-
ease and its treatment progresses. With more patients,
it will be easier to understand the relationships between
sRAGE and clinical features of SLE.
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