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Abstract

Background: Advanced Glycation End products (AGEs)
are products of a non-enzymatic reaction between sugars and
free amino groups of protein. They are one of several molecules
that play a role in the pathogenesis of Rheumatoid Arthritis
(RA). A soluble subtype of the receptor for advanced glycation
end products (SRAGE) which can be measured in serum has
been gaining interest for its contribution in RA.

Aim of Study: The aim of this work is to assess the role
of sSRAGE in monitoring disease activity, disease treatment
and follow-up.

Subjects and Methods: This retrospective case-control
study was conducted on (50) patients with theumatoid arthritis
(group 1) and their age and sex matching (30) healthy controls
(group 2). All subjects recruited in our study were subjected
to measurement of serum soluble subtype of the receptor for
advanced glycation end products (SRAGE) by ELISA tech-
nique.

Results: Results of our study shows significant statistical
decrease in serum sRAGE levels among different studied
disease activity score 28 (DAS28) 28 grades (H:6.02, p<0.05).
The inverse association between serum sRAGE and DAS28
is confirmed by the highly significant negative correlation
between them (7:—0.397, p<0.01). No significant statistical
difference is seen in serum sRAGE between patients on
treatment with methotrexate and those not treated with it (Z:
0.39, p>0.05).

Conclusion: Serum sRAGE level is strongly related to
the disease activity in rheumatoid arthritis with its serum
levels being lower in active disease. Our study could not
prove its role in disease treatment follow-up.
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Introduction

RHEUMATOID Arthritis (RA) is mediated by
macrophages, lymphocytes and synovial fibrobla-
sts, causing chronic inflammatory synovitis with
the resultant destruction of bone and cartilage.

Several molecules play a role in the pathogenesis
of RA [1].

One of these molecules is Advanced Glycation
End products (AGEs) which are products of a non-
enzymatic reaction between sugars and free amino
groups of protein. AGE accumulation in different
tissues can lead to damage through alterations in
tissue protein structure and function. A specific
receptor (RAGE) is needed to conduct this ac-
tion [2].

The receptor for advanced glycation end prod-
ucts (RAGE) is a multi-ligand member of the
immunoglobulin superfamily. RAGE is expressed
on T cells and macrophages within synovial tissues
of RA patients, as well as on synovial lining layer
of fibroblasts [3].

A soluble subtype of the RAGE protein
(sRAGE) is composed of only an extracellular
domain, lacking the part that transfers a signal into
the cell. This sSRAGE competes with RAGE for
ligand binding, thus blocking the damaging effect
of AGE on the tissues. SRAGE was found to sig-
nificantly reduce synovial inflammation, as well
as cartilage and bone destruction, when it was used
to treat collagen-induced arthritis in mice [1].

Our aim was to measure the levels of SRAGE
in patients with RA in relation to their disease
activity score (DAS-28) [4] and in comparison to
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healthy control subjects, and to explore its possible
role in treatment follow-up.

Subjects and Methods

ubjects:

This case-control study was conducted on fifty
(50) patients (46 females and 4 males) with mean
age 27 (22-32) years old suffering from rheumatoid
arthritisfor 4 (2-9.5) years (Group 1) recruited
from Rheumatology Clinic, Internal Medicine
Department, Ain Shams University Hospitals,
Cairo, Egypt between March and October 2018.
In addition to thirty (30) healthy age and sex
matched subjects serving as healthy control group
(Group 2). Rheumatoid arthritis was diagnosed
based on the American College of Rheumatology
criteriafor RA [5]. Disease activity was assessed
using Disease Activity Score 28 (DAS28) [4].

Exclusion criteriaincluded patients older than
75 years, pregnancy, renal impairment (serum
creatinine >140 tmol/L), surgery, myocardial inf-
arction or sepsisin the past three months to exclude
other factors that may influence sSRAGE levels.

After taking an informed oral consent, all indi-
vidualsincluded in the study were subjected to
full history taking, throughofull clinical examina-
tion, ESR measurements (for patients' group only),
in addition to the assay of serum sRAGE by ELISA
technique. The procedures applied in this study
were approved by The Ethical Committee of Human
Experimentation of Ain Shams University, and are
in accordance with the Helsiniki Declaration of
1975.

Sampling: Five milliliters of venous blood were
collected under complete aseptic precautions; two
milliliters were placed in ESR tubes, while the rest
was evacuated in plain test tubes. The serum was
separated by centrifugation (1000xg for 15 minutes)
and stored at —20°C for subsequent assay of SRAGE.
Haemolysed samples were discarded. Repeated
freezing and thawing was avoided.

Analytical methods:

ESR assay was performed using Wintrobes
method. SRAGE assay was done using the com-
mercially available Enzyme-Linked Immunosorbent
Assay (ELISA) kit supplied by R & D Systems
(USA & CanadaR & D Systems, Inc. 614 Mc-
Kinley Place NE, Minneapolis, MN 55413, USA).
All procedures were carried out according to the
instructions of the manufacturers. Each standard
and serum sample was analyzed twice and the
mean value was used in all subsequent analyses.
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The intra-assay and interassay variation coefficients
were |less than 10%.

Assay of SRAGE:

This assay employs the quantitative sandwich
enzyme immunoassay technique. A monoclonal
antibody specific for human sRAGE (extracellular
domain) has been pre-coated onto a microplate.
Standards and samples are pipetted into the wells
and any sRAGE present is bound by the immobi-
lized antibody. After washing away any unbound
substances, an enzyme-linked polyclonal antibody
gpecific for human sRAGE (extracellular domain)
is added to the wells. Following a wash to remove
any unbound antibody-enzyme reagent, a substrate
solution is added to the wells and color develops
in proportion to the amount of SRAGE bound in
the initial step. The color development is stopped
and the intensity of the color is measured.

Calculation of results:

Construction of a standard curve is done by
plotting the mean absorbance for each standard on
the y-axis against the concentration on the x-axis
and drawing a best fit curve through the points on
the graph. If samples have been diluted, the con-
centration read from the standard curve must be
multiplied by the dilution factor.

Satistical methods:

Statistical analysis was performed using statis-
tical software program IBM SPSS statistics (V.
25.0, IBM Corp., USA, 2017-2018). The non-
parametric quantitative data were expressed as
median and interquartile range. Comparative sta-
tistics were done using Kruskal Wallis test and
Wilcoxon rank sum test. Correlation analysis was
performed using Spearman'’s rank correlation co-
efficient (rs). Forward multiple linear regression
analysis was performed with SRAGE levels asthe
dependent variable and those determinants that
correlated in the univariate analysis with p<0.05
as independent variables. p<0.05 was considered
significant and p<0.01 was considered highly sig-
nificant.

Results

The results obtained in the study are shown in
(Tables 1-8).

Table (1) shows descriptive datain rheumatoid
arthritis patients (Group 1) and control (Group 2)
for age, sex, Disease Duration (DD) and sSRAGE
described as median and interquartile range for
non parametric data. Among the fifty patients
included in the study, twelve patients were seron-
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egative for Rheumatoid Factor (RF) with sSRAGE
ranging between (90-260pg/mL).

Table (1): Descriptive data for Group 1 (cases) and Group 2

(control).

Parameter Cases (n=50) Control (n=30)
Median (Q1-Qj3) Median (Q1-Q3)

Age (years) 27 (22-32) 43 (36.5-50)
Male (n) 4 18
Female (n) 46 12
DD (years) 4 (2-9.5)
sRAGE (pg/mL) 120 (90-200) 170 (100-225)
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Descriptive and comparative statistics in (Table
2) for different studied parameters among different
disease activity grades (A, B & C) using DAS 28
for RA activity evaluation. Grade A (patient in
remission whom DAS 28 <2.6), Grade B patients
with low active disease in whom DAS 28 ranged
(2.6-3.2) and Grade C (patients with moderate to
severe disease activity whom DAS 28 was 3.2-5.1
and >5.1 respectively). Serum sRAGE levels
showed a statistically significant decrease in its
level among different disease Grades A, B and C
of rheumatoid arthritis (H: 6.02, »<0.05).

Table (2): Descriptive and comparative statistics of different studied parameters using
Kruskal Wallis test among Grades A, B and C.

Grades
Parameter A (n=10) B (n=10) C (n=30) L
Median (Q1-Q3) Median (Q1-Q3;) Median (Q1-Qj3)
DD (years) 6.5 (4-13.5) 4+ (1.75-22.5)  4(1-8) 329 >0.05
SRAGE (pg/mL) 165 (145-192.5) 200 (175-260) 125 (78-200)  6.02 <0.05
ESR (mm/hour)  27.5 (15.3-37.5) 40 (13.5-568) 36 (20-50) 296 >0.05

p>0.05 is non significant.
p<0.05 is significant.
DD: Disease Duration.

Comparison between Grade A and B, B and C
and A and C in (Table 3), sSRAGE serum levels
show a statistically significant difference between

Grade A: Disease in remission.
Grade B: Disease low activity.
Grade C: Disease moderate to severe activity.

Table (4): Comparative statistics for effect of treatment or
not with methotrexate as regards different studied
parameters using Wilcoxon Rank Sum test.

Grades A and B and B and C (H:1.97 and 2.19 Parameter Treatment z p
respectively) and p<0.05. While sSRAGE shows a
p L y) b~ . DD (years) Negative (n:24) 1.25 >0.05
non significant statistical difference between grade Positive  (n:26)
A and C (H: 1.006, p>0.05).
ESR (mm/hour) Negative (n:24) 3.07 <0.01
Table (3): Comparative statistics between disease activity Positive  (n:26)
grades A/B, A/C and B/C as regards different DAS 28 Negative (n:24) 2.021 <0.05
studied parameters using Wilcoxon Rank Sum test. Positive  (n:26)
Grades Grades Grades sRAGE (pg/mL) Neg.a.tive (n:24) 0.39 >0.05
Parameter (A&B) (A&C) B&C) Positive  (n:26)
7 p 7 p Z p p>0.05 is non significant. DD : Disease Duration.
p<0.05 is significant. DAS 28: Disease Activity Score 28.
DD (years) 0.363 >0.05 1.74 >0.05 1.014 >0.05 p<0.01 is highly significant.
ESR (mm/hour) 1.08 >0.05 1.72 >0.05 0.438 >0.05 . o o
sRAGE (pg/mL) 1.972 <0.05 1.006 >0.05 2.197 <0.05 Table (5) shows a highly statistical significant

Grade A: Disease in remission.

Grade B: Disease low activity.

Grade C: Disease moderate to
severe activity.

p>0.05 is non significant.
p<0.05 is significant.
DD: Disease Duration.

Comparative statistics shown in (Table 4) be-
tween different studied parameters and effect of
treatment or not with methotrexate shows a highly
significant statistical difference in ESR (Z:3.07,

p<0.01). Meanwhile, a significant statistical differ-
ence is seen in DAS28 (Z:2.021, p<0.05). On the
other hand, SRAGE shows no statistical difference
between patients treated or not with methotrexate
(Z:0.39, p>0.05).

association between genders of the patients included
in the study and occurrence of the disease (p<0.01).

Table (5): Comparative statistics between cases (Group 1)
and control (Group 2) as regards sex using Pearson
Chi-Square test.

Gender Cases Control X 2 P
F..
N 46 12 2543 <0.01
% 92% 40%
M.
N 4 18
% 8% 60%

p<0.01 is highly significant.
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DAS28 shows a highly significant negative
statistical correlation with SRAGE (7: 0.397, p<
0.01) as seen in (Table 6).

Table (6): Statistical correlation between RAGE and different
studied parameters using Ranked Spearman corre-
lation test.

sRAGE
Parameter r yZ
Age (years) 0.153 >0.05
DD (years) 0.037 >0.05
ESR (mm/hour) 0.14 >0.05
DAS28 —0.397 <0.01

p>0.05 is non significant.

p<0.01 is highly significant.
p<0.01 is highly significant.

DD : Disease Duration.

DAS 28: Disease Activity Score 28.

Multiple linear regression analysis (Tables 7,8)
indicated that only the DAS 28 levels were depend-
ent predictors of SRAGE levels in RA. The regres-
sion equation of SRAGE levels was Y=a + bl X 1
+b2 X2+ b3 X3+ bnxn (Y is the dependent
variable; a is the constant; bl regression coefficient
for independent variable 1, X 1 is the result of the
independent variable 1. While b2 is regrfssion
coefficient for independent variable 2, X" is the
result of the independent variable 2) (p<0.05).

Table (7): Logistic stepwise multi-regression analysis with
dependent variable is SRAGE (model 1).

Parameter Reg. Coef. t p  Fratio z>
(Constant) 320.425 3.079 <0.01
Age (years) -0.104 -0.045 >0.05
DD (years) -1.73 -0.515 >0.05
ESR (mm/hour)  1.943 1.913  >0.05
DAS28 -50.166 —2.613 <0.05
1.989 >0.05

p>0.05 is non significant.

p<0.05 is significant.

p<0.01 is highly significant.

DD : Disease Duration.

DAS 28: Disease Activity Score 28.

Table (8): Logistic stepwise multi-regression analysis with
dependent variable is SRAGE (model 2).

Parameter Reg. Coef. t p  Fratio p
(Constant) 298.54 449 <0.01
ESR (mm/hour) 1.75 1.88  >0.02
DAS28 —46.65 -2.56 <0.05
3.813 <0.05

p>0.05 is non significant.

p<0.05 is significant.

p<0.01 is highly significant.

DAS 28: Disease Activity Score 28.
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Discussion

Rheumatoid Arthritis (RA) is a chronic inflam-
matory disease leading to bone and cartilage de-
struction in addition to extra-articular complications
as atherosclerotic vascular disease and premature
mortality [6]. These vascular events are attributed
to altered vascular reactivity due to endothelial
dysfunction, consequent to vascular damage [7].

Soluble receptor for advanced glycation end
products (SRAGE) is an anti-inflammatory factor
that mediates the pro-inflammatory effects of high
mobility group box chromosomal protein 1 (HM-
GB-1). HMGB-1 is implicated in cell signaling by
synergizing with DNA CpG motifs [8]. Therefore,
SRAGE are considered as inducers, sensors, and
mediators of the inflammatory processes [9]. C-
truncated sSRAGE lacks the transmembrane and
cytosolic domains of the full-length receptor and
can prevent pro-inflammatory effects of RAGE
signaling by acting as a decoy [6] . This action can
be mediated by removal/neutralization of circulat-
ing ligands and raises the possibility of using
plasma sRAGE as a promising therapeutic target
to prevent multiple diseases including RA [10].

From this prospect, the present study inve-
stigates the association between sRAGE and
the activity of RA in fifty (50) patients (Group 1)
in comparison to thirty (30) controls (Group 2)
and tries to find its possible role in RA treatment
follow-up.

Our study revealed that sSRAGE levels vary
significantly with the Grade A patients (disease in
remission), Grade B (disease low activity) and
grade C (disease moderate to severe activity). Same
data were published by Pullerits et al., [1] and Chan
et al., [6) who found associations of SRAGE with
clinical inflammatory factors, complications, and
cardiovascular risk factors in established RA pa-
tients and the blood levels of SRAGE were sig-
nificantly lower in RA patients than in healthy
controls [1,6].

The levels of SRAGE significantly varied be-
tween Grades A and B and between Grades B and
C of disease activity and these changes are accom-
panied by non significant changes in ESR. Levels
of sSRAGE are lower in Grades C with moderate
to severe disease activity in comparison to Grade
B with low activity of the disease and in Grade A
with patients are in remission. Zhang et al., [8]
agreed in their study that the blood levels of sSRAGE
were significantly lower in RA patients than in
healthy controls and synovial fluid from RA patients
treated with Disease-Modifying Anti-Rheumatic
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Drug (DMARDS) contained higher sSRAGE con-
centrations compared with that from patients not
treated with DMARDSs, which shows compromised
inflammatory control in active RA. They proposed
that the SRAGE attenuated rheumatoid inflamma-
tion through reciprocal regulation of T helper and
T.reg cells [8]. Similarly Mokbail et al., [10] reported
the decrease in the level of serum sRAGE in Egyp-
tian patients with rheumatoid arthritis and its as-
sociation with markers of disease activity. They
suggested that SRAGE may block the ligand-RAGE
interaction on the cell surface by directly binding
leukocyte (3 2-integrin Mac-1 and thereby decreasing
influx of inflammatory cells into the joint cavity,
functioning as an immune surveillance mechanism.
Lower levels of SRAGE detected in RA patients
might thus increase the propensity towards inflam-
mation since RAGE ligands have better access to
cell membrane-bound receptor, the binding of
which leads to the activation of inflammatory
pathways [10].

The highly significant negative correlation
between sRAGE and DA S28 empowers our find-
ings to the relation between serum levels of SRAGE
and scoring systems of rheumatoid arthritis disease
activity and introduces sRAGE as an excellent
target for monitoring improved disease activity
during therapy. Results of our study supports the
independent role of SRAGE in follow-up of activity
in RA patients on treatment as the SRAGE is hon
significantly changed in patients either treated or
not with methotrexate which gives it a superior
benefit over both DAS28 and ESR levelsthat are
significantly changed accordingly with methotrex-
ate treatment. Several recent studies aimed at
defining this new prospect for SRAGE. In their
study, Rowan et a., [11] has reviewed the pathways
leading to formation of Advanced Glycation End
products (AGE), largely from sugars and glycolytic
intermediates, and discussed detoxification of AGE
precursors, including the glyoxalase system and
DJ-1/Park7 deglycase. They reported that extracel-
lular AGE also activates RAGE signaling, leading
to oxidative stress, inflammation, and leukostasis
in diabetic complications such as diabetic retinop-
athy. Their study recommended diminishing gly-
cative stress by: Plant-derived polyphenols as AGE
inhibitors and glyoxalase inducers; improved die-
tary patterns, particularly Mediterranean and low
glycemic diets; and enhancing proteolytic capaci-
ties of the ubiquitin-proteasome and autophagy
pathways that are involved in cellular clearing of
AGEs [11].

The stepwise multi-regression analysis for our
data highlights the relation between sRAGE as
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dependant variable that is significantly predicted
only by disease activity score. Similarly, regression
analysis study for sSRAGE and disease duration,
rheumatoid factor, C-Reactive Protein (CRP) and
SRAGE gene polymorphism done by Mokbail et
a., [10] found only CRP and gene polymorphism
as significant predictors for SRAGE [10]. Moreover,
Chan et al., [4] reported C-reactive protein, cardi-
ovascular disease, high-density lipoprotein, and
rheumatoid factor to be significant predictors for
SRAGE in their linear regression analysis [4].

The presence of 12 out of 50 (24%) RA patients
with seronegative rheumatoid factor is aworth
note finding that adds a possible superior role for
SRAGE above the conventional rheumatoid factor
for monitoring disease activity which needsto be
further studied on alarger scale of patients. A
similar finding was reported by Mokbail et al., [10]
in their work with 9 RA patients out of 31 enrolled
in their study (27.3%) had rheumatoid factor neg-
ative not corresponding to the disease activity or
SRAGE levd [10].

Conclusion:

SRAGE is strongly related to the disease activity
in rheumatoid arthritis with its serum levels lowered
in active disease. Unfortunately, we didn't find a
relation between sRAGE and effectiveness of treat-
ment. This may need more researches with long
follow-up periods on alarger study sample size.
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