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Background. The contribution of methylglyoxal (MGO) and soluble receptor for advanced glycation end products (sRAGE) in the
presence of rheumatoid arthritis (RA) is still unknown. We investigated whether serum MGO and sRAGE were related to the
presence of disease activity in RA. Methods. 80 patients with RA and 30 control subjects were included in a cross-sectional
study. The severity of RA was assessed using the disease activity score for 28 joints (DAS28). Serum MGO and sRAGE were
measured by ELISA. Results. Serum MGO levels were significantly higher in patients with RA versus control subjects (P < 0 001)
and were increased in RA patients with higher disease activity versus RA patients with moderate disease activity (P = 0 019).
Serum sRAGE concentrations were significantly decreased in RA patients with higher disease activity versus RA patients
with moderate disease activity and versus control subjects (P = 0 004; P = 0 002, resp.). A multiple logistic regression
analysis demonstrated that MGO was independently associated with the presence of activity disease in RA (OR= 1.17, 95%
CI: 1.02–1.31, P = 0 01). Conclusion. Serum MGO and sRAGE levels are inversely related to the activity of RA, and MGO
is independently associated with a higher disease activity of RA.

1. Introduction

Rheumatoid arthritis (RA) is a serious health problem and is
the most common form of chronic inflammatory rheuma-
tism with an estimated prevalence of between 0.3 and 1% of
the general adult population [1]. The development of this
chronic disease is characterized by synovial joint inflamma-
tion, overgrowth of synoviocytes, progressive erosions, and
cartilage destruction [2, 3]. RA may lead to joint destruction,
causing impairment of the quality of life, disability, and
reduced life expectancy, on average estimated at 10 years
[4, 5]. The etiology of the disease remains unknown, and
knowledge of the pathogenesis of RA has increased signifi-
cantly in recent years [6]. More patients have moderate to
high disease activity, and some develop aggressive systemic
complications and joint damage. We showed previously
that advanced glycation end products (AGEs), formed by

a nonenzymatic glycation process, have been involved in
many diseases such as diabetic microvascular and macro-
vascular diseases, atherosclerosis, and metabolic syndrome
[7–10]. Recently, in RA disease, we demonstrated that
Nε-carboxymethyllysine (CML) and pentosidine, as AGEs,
were increased during RA. Again, we showed that CML
was independently associated with the presence and the
severity of RA [11].

Methylglyoxal (MGO), one of the reactive carbonyl
species, formed endogenously as a by-product of the
glycolytic pathway by degradation of triosephosphates or
nonenzymatically by sugar fragmentation reactions, is the
most potent precursor of AGE formation, in particular
pentosidine formation [12, 13]. MGO is able to induce
cellular damage, cross-linking of proteins, and glycation,
playing an important role in the pathogenesis of many dis-
eases [14]. With respect to AGE measurement, it is more
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interesting to evaluate the relationships between the precur-
sors of AGEs and the development of RA disease. In addition,
the interaction of AGEs with their RAGE plays a major role
in inducing the inflammatory process [15, 16].

To shed light, no data exists regarding the contribution of
MGO and sRAGE in the presence of RA; for that, we
measured serum MGO and sRAGE levels in RA patients,
and we examined whether these biomarkers are related to
the severity of RA.

2. Patients and Methods

2.1. Study Population. The study protocol was approved by
the regional ethical research committee. Written informed
consent was obtained from all patients before the enrolment.
This study includes 110 participants: RA group: eighty
patients with RA diagnosed according to the American
Rheumatism Association criteria [17] and without cardiovas-
cular disease, nephropathy, or retinopathy were recruited in
the rheumatology department in the University Hospital of
Fattouma Bourguiba, Monastir (Tunisia). Control group:
thirty healthy volunteers were included; they were matched
with the patients for age and sex.

2.2. Biochemical Investigations. Blood samples of all partici-
pants (patients and controls) were collected in the morning,
after an overnight fast (12 h), and then samples were stored
at −80°C until analysis. Serum glucose, serum creatinine, uric
acid, total cholesterol, triglyceride, HDL, and LDL were
measured using the enzymatic method (CX9 autochemical
analysis instrument, Beckman, USA). Glycated hemoglobin
A1C (HbA1C) was measured using a G7 HPLC analyser
(Tosoh Europe NV). High-sensitivity C-reactive proteins
(hs-CRPs) were quantified according to the instructions
of manufacturers using the particle-enhanced immunone-
phelometric method (BN II, Dade Behring). Anticyclic
citrullinated peptides (anti-CCPs) were measured by a
second-generation ELISA (Euroimmun®, Germany). The
IgM rheumatoid factor (IgM-RF) was measured by the
Waaler–Rose and latex agglutination tests (Fumouze®,
France). MGO and sRAGE were measured in serum using
ELISA kits provided by the YH Biosearch laboratory
(Shanghai, China). MGO (or sRAGE) present in the sample
was probed with an anti-MGO (or anti-sRAGE) antibody,
followed by a horseradish peroxidase-conjugated secondary
antibody. The MGO or sRAGE content in the sample was
determined by comparison with a standard curve prepared
from MGO standards ranging from 0 to 320ng/mL or from
sRAGE standards ranging from 0 to 12 ng/mL. The absor-
bance of the final color product was read at 450nm by a
Bio-Rad microplate reader (Model 680).

2.3. Disease Activity Assessment. Disease activity was used to
assess the disease activity score for 28 joints (DAS28 score)
according to EULAR’s recommendations [18]. Ranges of
the DAS28 score correspond with disease activity. A DAS28
score of <2.6 indicates remission. A DAS28 score of 2.6 to
3.2 indicates low disease activity. A DAS28 score of 3.2 to
5.1 indicates moderate disease activity. A DAS28 score of

above 5.1 is considered high disease activity. Disability
was assessed using the Health Assessment Questionnaire
(HAQ), a score by questionnaire that examines the disabil-
ities that RA patients encounter in daily living and activi-
ties [19]. The final HAQ index ranges from 0 to 3; HAQ
scores < 0 3 are considered normal [20].

2.4. Statistical Analysis. All analyses were performed using
SPSS version 17.0 (SPSS Inc., Chicago, Illinois, USA). Con-
tinuous variables were expressed as mean± SD or median
(interquartile range), while percentages were used to express
categorical variables. An ANOVA test was used to compare
the continuous variables between subgroups. An unpaired
Student t-test was used for normally distributed variables,
and theMann–WhitneyU test was used for skewed variables.
To determine the independent parameters correlated with
the presence of RA, the parameters that correlated signifi-
cantly in the univariate analysis were tested using multiple
backward stepwise regression analysis. A logistic regression
analysis was performed to assess the association between
MGO and sRAGE and the presence of RA. A receiver operat-
ing characteristic (ROC) curve analysis was performed to
identify the optimal cut-off points of serum MGO or sRAGE
levels for predicting RA. The area under the curve value was
calculated to determine the accuracy of the test. P < 0 05 was
considered as statistically significant.

3. Results

3.1. Clinical Characteristics of the Studied Population. The
clinical characteristics and laboratory data of the control sub-
jects and RA patients are shown in Table 1. Disease activity
was measured by the DAS28 score (5.5± 1.3) at the time of
investigation. 41% of all RA patients had moderate disease
activity, and 59% had high disease activity. The mean ESR
rate was 39.6± 27.2mm (first hour). Anti-CCP and IgM-RF
were present in 62.5% and 68.7% of the cases, respectively.

3.2. Biological Parameters of Patients with RA and Control
Subjects. The biological parameters of patients and control
subjects are shown in Table 2. Significant differences in body
mass index and hs-CRP were seen between the groups.
Triglyceride levels were significantly higher in RA patients
compared to control subjects (P < 0 001), whereas their
serum HDL-cholesterol levels were significantly lower com-
pared to control subjects (P < 0 001). Patients showed an
increased level of MGO (P < 0 001) and a decreased level of
sRAGE (P = 0 020) compared to control subjects.

3.3. Relationship between Serum MGO and sRAGE
Concentrations and the Presence of RA. Multiple logistic
regression analysis was performed using the presence of RA
as a dependent variable. The analysis involved age, sex,
BMI, glucose, triglyceride, HDL cholesterol, hs-CRP, MGO,
and sRAGE. As a result, we find that serum MGO
(OR=1.17, 95% CI: 1.02–1.31, P = 0 01) was an indepen-
dent predictor of the presence of RA. The ability of serum
MGO concentrations to distinguish patients with RA from
those without RA was assessed using ROC curve analysis.
The ROC curves for the presence of RA diagnosis had an
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area under the curve (AUC) of 0.69 (95% CI: 0.54–0.84,
P = 0 019), and the optimal cut-off value of MGO to predict
the presence of activity disease in RA was 104ng/mL, with
65% sensitivity and 62% specificity (Figure 1).

3.4. Relationship between Serum MGO and sRAGE
Concentrations and Severity of RA. All patients were sub-
classified into 2 subgroups according to DAS28. Serum
concentrations of MGO were increased in patients with a
high DAS28 score compared to patients with a moderate
DAS28 score [129 (103–188), 109 (66–142); P = 0 019,
resp.], as illustrated in Figure 2. Serum concentrations of
sRAGE were decreased in patients with a high DAS28
score compared to patients with a moderate DAS28 score
[3.5 (2.6–4.3), 4.4 (3.7–6.2); P = 0 004, resp.], as illustrated
in Figure 3.

4. Discussion

AGE levels are increased in diabetes [7, 8], atherosclerosis
[21, 22], nonalcoholic steatohepatitis [23], and neuroin-
flammatory diseases such as Alzheimer’s disease [24] and
Parkinson’s disease [25]. Also, it has been demonstrated

that increased AGE levels are correlated with the develop-
ment of future microvascular and macrovascular events in
diabetics and nondiabetics [8–10]. Recently, we have
shown that CML and pentosidine were increased during
RA and we demonstrated that CML was independently
associated with the presence and the severity of RA [11].

MGO, one of the AGE precursors, is considered the
most important source of AGE since it rapidly reacts with
proteins to form AGE [26, 27]. Numerous studies revealed
that the plasma MGO level is significantly increased in
diabetic patients and is involved in diabetes-related vascu-
lar disorders such as hypertension, nephropathy, and
retinopathy [28–31]. Recently, it indicated that MGO-
derived hydroimidazolone-1 evokes inflammatory reactions
in human umbilical vein endothelial cells via RAGE [32].
In our study, we showed an increased MGO level in RA
patients and these levels were markedly increased in

Table 2: Biological parameters of patients with rheumatoid arthritis
(RA) and control subjects.

RA
patients
(n = 80)

Control
subjects
(n = 30)

P

BMI (kg/m2) 29.9± 7.6 24.8± 4.3 <0.001
hs-CRP (mg/L) 9 (5–15) 0 (0–5) <0.001
Glucose (mmol/L) 4.5± 1.7 4.3± 0.2 NS

Triglyceride (mmol/L) 1.6 (1.1–2.1) 1.1 (0.8–1.4) <0.001
Total cholesterol (mmol/L) 4.3 (3.7–4.8) 4.4 (4.1–5.3) NS

HDL cholesterol (mmol/L) 1.3 (1.1–1.5) 0.9 (0.8–1.2) 0.001

LDL cholesterol (mmol/L) 2.5 (2.1–3) 2.7 (2.4–3) NS

Creatinine (μmol/L) 64.6± 23.6 64.5± 19.3 NS

MGO (ng/mL) 137.6± 76.6 80.4± 25.2 <0.001
sRAGE (ng/mL) 4.1± 1.4 5.4± 1.7 0.020

Data represent means ± SD or median (quartile range). NS: not significant.

Table 1: Characteristics of patients with rheumatoid arthritis (RA)
and control subjects.

RA
patients
(n = 80)

Control
subjects
(n = 30)

P

Age (yrs) 52.9± 10.6 50.1± 8 NS

Female (%) 89 87 NS

Diabetes (%) 12 — —

Hypertension (%) 20 — —

Dyslipidemia (%) 64 —

Erythrocyte
sedimentation
rate (ESR) (mm/H)

39.6± 27.2 9.8± 3.2 P < 0 001

Disease duration (yrs) 11.7± 8.2
Swollen joint count (SJC) 2.4± 4.3
Tender joint count (TJC) 16± 10
HAQ score 1.5± 0.9
Positive anticyclic
citrullinated peptides
(anti-CCPs, %)

62.5

Positive IgM rheumatoid
factor (%)

68.7

DAS28 5.5± 1.3
Remission (%) 0

Low (%) 0

Moderate (%) 41

Active (%) 59

Medication

Methotrexate (%) 85

Arava (%) 8.7

Salazopyrin (%) 12.5

Data represent means ± SD or percentages. NS: not significant.
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Figure 1: Receiver-operating characteristic (ROC) curve analysis
for predictive values of serum concentrations of MGO and activity
disease in RA. The area under the ROC curve is 0.69; 95% CI:
0.54–0.84, P = 0 019. The optimal cut-off value of MGO was
104 ng/mL, with 65% sensitivity and 62% specificity.
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patients with high activity disease. MGO may induce and
aggravate the severity in RA by a process that includes
NF-κB activation and the JNK system. A previous
in vivo study showed that MGO was found to induce
NF-κB activation of murine peritoneal macrophages in
sarcoma 180-bearing mice [28]. In an in vitro study,
MGO activated the NF-κB nuclear translocation in HIG-
82 synovial cells using an immunofluorescent method
[33]. MGO could be a stimulant for vascular inflammatory
responses in cultured human vascular endothelial cells by
MGO, which was mediated via the activation of JNK and
p38 MAP kinase[34].

Our study revealed again not only decreased serum
sRAGE levels in RA patients but also markedly decreased

levels in patients with high DAS28 activity. RAGE, a multili-
gand cell surface protein, is a member of the immunoglobu-
lin (Ig) superfamily. RAGE participates in inflammatory and
immune responses, inducing leukocyte recruitment. The
interaction between AGEs and the RAGE receptor, the most
characterized receptor of AGEs, activates intracellular cells
and secretes cytokines such as TNF-α which plays an impor-
tant role in inflammatory response[35,36]. RAGE exists in
soluble form; sRAGE is a truncated form of RAGE that serves
as a decoy and acts as an anti-inflammatory molecule and
may act as a receptor by binding ligands (such as AGEs)
and preventing them from interacting with RAGE [37–39].
Previous studies have shown that RA patients have lower
levels of sRAGE compared to healthy subjects [40–42].
Recently, overexpression of sRAGE in mesenchymal stem
cells optimizes their immunoregulatory properties and may
be useful as a novel cellular therapy for RA [43].

5. Conclusion

Patients with RA showed increased levels of MGO, and
these levels were markedly elevated in line with the
activity of RA. On the contrary, patients with high disease
activity showed a significant decrease in sRAGE levels.
Therapeutic ways of AGE development and precursor
synthesis should be taken into account, and further exper-
imental and in vitro studies merit advanced research for
target molecule drug development.
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