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Abstract

Introduction: No data regarding the relationship of carotid intima media thickness (IMT)
and serum advanced glycation end products (AGEs) levels in patients with rheumatoid
arthritis (RA). The aim of this study is to evaluate the association between IMT and serum
pentosidine, CML and MGO levels in patients with longstanding RA.

Methods: In a cross-sectional study, 80 consecutive RA patients with longstanding disease
were included and compared with 30 age and sex-matched healthy controls. IMT was
measured using ultrasonography. AGEs such as pentosidine, N°-carboxymethyllysine (CML)
and methylglyoxal (MGO) as an intermediate of glycation, were determined by ELISA.

Results: Serum pentosidine, CML and MGO levels were increased in RA patients vs control
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subjects (P = 0.001; P < 0.001; P < 0.001 respectively). IMT was increased with disease
activity of RA (P = 0.004) and was associated with serum pentosidine (r = 0.460, P < 0.001),
serum CML (r = 0.549, P < 0.001) and serum MGO (r = 0.658, P < 0.001). Furthermore, in a
multiple stepwise regression analysis CML and MGO were independently associated with
IMT (B=0.333, P =0.007; B = 0.690, P <0.001, respectively).

Conclusion: serum pentosidine, CML and MGO were increased in RA patients and were
significantly related to IMT. Serum CML and MGO were independently associated with IMT.

Keywords: pentosidine, N°®-carboxymethyllysine, methylglyoxal, carotid intima media
thickness, rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is the most common inflammatory rheumatism whose origin is
still mysterious and evolutionary. It affects 1 to 2% of adults in the world with a female
predominance: three times more common among women than men. It occurs at any age with
a higher prevalence between 40 and 50 years (Mateen, 2016). RA is a chronic systemic
inflammatory disease characterized by premature death with increased cardiovascular disease
(CVD) mortality (Kramer, 2011). The increased CVD morbidity and mortality in patients
with RA cannot be entirely explained by traditional CVD risk factors and chronic
inflammation seems to act as an independent CVD risk factor (Baghdadi, 2015; Agca, 2017).
Chronic inflammation can lead to oxidative stress and develop the formation of reactive
carbonyl compounds, which are transformed into advanced glycation end products (AGES)
by nonenzymatic glycation process (Nasiri, 2012).

Nonenzymatic glycation begins with interaction between the carbonyl group of a reducing
sugar an amino group of proteins. Complex rearrangements results in more stable AGEs
precursors or named intermediate AGEs, these compounds, progressively transformed by
irreversible reactions in AGEs such as pentosidine and N®-carboxymethyllysine (CML).
Methylglyoxal (MGO), one of reactive carbonyl species, formed endogenously as a
by-product of the glycolytic pathway, by degradation of triosphosphates or nonenzymatically
by sugar fragmentation reactions, is the most potent precursor of AGEs formation, in
particular, pentosidine formation (Nasiri, 2012). Previously, we showed that serum AGEs
were implicated in many diseases such as diabetic microvascular and macrovascular disease,
atherosclerosis and metabolic syndrome (Kerkeni, 2012, 2013, 2014, Haddad, 2016) and
recently, we showed that CML and MGO were independently associated with disease activity
in RA (Knani 2018a, 2018b).

Carotid intima media thickness (IMT) of the common carotid artery used to study early
structural changes in the arterial wall and reflects early atherosclerosis and predicts CVD
events in the general population, it is the most popular useful technique noninvasive
anatomical structural measure of subclinical CVD (Gonzalez-Gay,2008). IMT is associated
with systemic rheumatoid inflammation add to the cardiovascular phenomenon in RA
(Ambrosino, 2015; Gasparyan, 2010; Im, 2015). To shed light, there are no studies about the
relationship between serum AGEs levels and IMT in RA patients. For that, we investigate the

59



ISSN 2157-6076

\\ MacrOthi“k Journal of Biology and Life Science
A Institute ™ 2019, Vol. 10, No. 2

association between serum pentosidine, CML, MGO and IMT in RA patients and how these
could serve as biomarker for IMT.

2. Materials and Methods
2.1 Patients and Controls

This study was involved 80 patients without cardiovascular disease or nephropathy and with
a clinical diagnosis of RA according to American College of Rheumatology criteria for
rheumatoid arthritis (Aletaha 2010) who were recruited in the rheumatology department in
University Hospital Fattouma Bourguiba Monastir (Tunisia) and 30 healthy controls with no
past or family history of RA or associated autoimmune disease were enrolled in the study. All
RA patients were subjected to history taking especially for presenting symptoms, joint
affection, together with history of medications. Disease activity was used to assess disease
activity Score for 28 joints (DAS28) according to EULAR's recommendations (Fransen
2005). Disability was assessed using the Health Assessment Questionnaire (HAQ), a score by
questionnaire that examines the disabilities that RA patients encounter in daily living and
activities (Kumar, 2002). The study was approved by the local medical ethics committee and
informed consent was obtained from all study participants.

2.2 Measurement of Carotid Intima Media Thickness (IMT)

Carotid artery atherosclerosis was determined by ultrasonographic measurement of the IMT
of the common carotid artery 1cm proximal to the carotid artery bifurcation on both the left
and right sides (Riley, 1992). IMT was defined as the distance from the leading edge of the
media adventitia interface of the far wall. Ultrasonographic scanning was performed in
simple blind by a single experienced ultrasonographer who was unaware of the clinical
findings and who scanned the left and the right common carotid artery using a 10MHz linear
array transducer (Esaote My Lab 50 ultrasonograph). The final IMT value represents an
average of the IMT results from the left and the right sides.

2.3 Biochemical Analysis

In all subjects, blood was drawn in the morning after overnight fasting, and the serum were
separated immediately and stored at 80<C until analysis. The enzymatic method, CX9
Auto-chemical analysis instrument (Beckman CX9, USA) was used to measure glucose, and
lipid profile (Cholesterol, triglyceride, HDL and LDL). Glycated hemoglobin (HbA1c) was
measured using G7 HPLC Analyser (Tososh Europe N.V). High-sensitive C-reactive protein
(hs-CRP) was quantified according to the instructions of manufacturers using particles
enhanced immunonephelomitric method (BNII, Dade Behring). Anti-cyclic citrullinated
peptides (anti-CCP) were measured by a second generation ELISA (Euroimmun®, Germany).
IgM rheumatoid factor (IgM-RF) was measured by the Waaler—Rose and the latex
agglutination test (Fumouze®, France). Pentosidine, CML, MGO were quantitatively
determined in serum by ELISA kits provided by YH Biosearch Laboratory (Shanghai, China)
according to the manufacturer’s instructions. Pentosidine (or CML, or MGO) present in the
sample was probed with an anti-pentosidine (or anti-CML, or anti-MGO) antibody, followed
by a horseradish peroxidase-conjugated secondary antibody. Pentosidine or CML or MGO
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content in the sample were determined by comparison with a standard curve prepared from
pentosidine standards ranging 0-12 ng/mL, or from CML standards ranging 0-160 ng/mL, or
from MGO standards ranging 0-320 ng/mL. The absorbance of the final color product was
read at 450 nm by a Bio Rad mutiplate reader (Model 680).

2.4 Statistical Analysis

All analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as median (minimum to maximum) or (interquartile
ranges), while percentages were used to express categorical variables. An unpaired Student’s
t-test was used for normally distributed variable, and the Mann-Whitney U-test was used for
skewed variables. Spearman correlation analysis was performed to determine factors that
correlated with IMT. To determine the independent parameters associated with IMT, the
parameters that associated significantly in the univariate analysis were tested using multiple
stepwise regression analysis. A P < 0.05 was considered as statistically significant.

3. Results
3.1 Clinical Characteristic of RA Patients

The clinical characteristics of RA patients are shown in Table 1. DAS28 value was 5.56 (1.99
to 8.42) at the time of investigation. 41% of all RA patients had moderate disease activity,
and 59% had high disease activity. Mean erythrocyte sedimentation rate of 33 (5 to 100).
Anti-CCP and IgM-RF were present in 62.5% and 68.7% of the cases, respectively. Mean
IMT value was 0.75 mm (0.60 to 1mm).

Table 1. Main clinical characteristics and metabolic data of patients with rheumatoid arthritis
(RA) included in the study

RA patients
(n=80)

Female (%) 89
Diabetes (%) 12
Hypertension (%) 20
Dyslipidemia (%0) 64
ESR (mm/H) 33 (5t0 100)
Disease duration (yrs) 10 (1 to 37)
Swollen joint count (SJC) 0.5 (0 to 20)
Tender joint count (TJC) 14 (0 to 28)
HAQ score 2(lto2.1)
Anti-CCP (%) 62.5
IgM-RF (%) 68.7
DAS28 5.56 (1.99 to 8.42)
IMT (mm) 0.75(0.60to 1)
Moderate (%) 41
Active (%) 59
Medication
Methotrexate (%0) 85
Leflunomide (%) 8.7
Salazopyrin (%) 12.5
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Data are represented as median (minimum to maximum) or percentages. ESR: erythrocyte
sedimentation rate; HAQ: health assessment questionnaire; CCP: cyclic citrullinated peptides;
RF: rheumatoid factor; DAS28: disease activity Score for 28 joints.

3.2 Biological Parameters and AGEs Levels in RA Patients and Control Subjects

Biological parameters and serum AGEs levels of RA patients and control subjects are shown
in Table 2. Significant differences in BMI and hs-CRP were seen between the groups.
Triglyceride levels were significantly higher in RA patients compared to control subjects (P <
0.001), whereas HDL levels were significantly lower compared to control subjects (P <
0.001). Serum pentosidine, CML and MGO were increased in RA patients compared to
control subjects (P = 0.001, P < 0.001, P < 0.001 respectively).

Table 2. Biological parameters and AGEs levels in RA patients and control subjects

RA patients Control subjects P
(n =80) (n=30)

BMI (kg/m?) 28.4 (24.2-35) 22.9 (20.4-28.6) <0.001
CRP (mg/L) 9.7 (5-15.8) 0 (0-5) <0.001
Glucose (mmol/L) 4.3 (4.0-4.6) 4.05 (3.4-4.5) NS
Triglyceride (mmol/L) 1.4 (1.0-2.1) 0.9 (0.7-1.4) <0.001
Cholesterol (mmol/L) 4.3 (3.7-4.9) 4.3 (4.0-5.0) NS
HDL (mmol/L) 0.9 (0.8-1.3) 1.3(1.1-1.6) <0.001
LDL (mmol/L) 2.5(2.1-3.0) 2.4 (2.3-3.8) NS
Pentosidine (hg/mL) 5.8 (5.0-7.3) 4.1 (3.6-5.0) 0.001
CML (ng/mL) 74.2 (58.7-86.5) 42.1 (34.4-45.9) <0.001
MGO (ng/mL) 117.1 (83.2-177.1) 72.6 (53.3-85.7) < 0.001

Data are represented as median (interquartile range). BMI: body mass index; CML: N°
carboxymethyllysine; MGO: methylglyoxal. NS: not significant.
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3.3 Serum AGEs and Carotid IMT Levels in RA Patients with Disease Activity

AGEs and IMT levels in RA patients with disease activity are shown in Table 3. Pentosidine,
CML and MGO and IMT levels were increased in patients with high DAS28 compared to the
patients with moderate DAS28 (P = 0.019, P < 0.001, P = 0.012, P = 0.004 respectively).

Table 3. Serum AGEs and IMT levels in RA patients with disease activity

Parameters RA patients with moderate DAS28 RA patients with P
(n=33) high DAS28
(n=47)
Pentosidine (ng/mL) 5.77 (4.73-6.30) 6.19 (5.31-7.77) 0.019
CML (ng/mL) 55.67 (45.11-74.85) 78.73 (73.10-96.23) <0.001
MGO (ng/mL) 77.28 (66.17-112) 108 (78-121) 0.012
IMT (mm) 0.71 (0.64-0.79) 0.78 (0.71-0.85) 0.004

Data are represented as median (interquartile range).
NS: not significant.
3.4 Relationship Between Serum Pentosidine, CML, MGO and IMT in RA Patients

Spearman correlation analysis showed that serum pentosidine, CML and MGO were positively
correlated with IMT (r = 0.460, P < 0.001; r = 0.549, P < 0.001; r = 0.658, P < 0.001) as
illustrated in figure 1, 2 and 3. Furthermore, a multiple stepwise regression analysis in order to
determine the relationships between serum AGEs and IMT in a model adjusted for the
following parameters: age, BMI, hypertension, glucose, triglyceride, cholesterol, HDL, LDL
and hs-CRP. This analysis showed that serum CML and MGO were independently associated
with IMT (B = 0.333, P = 0.007; = 0.690, P < 0.001, respectively).

Pentosidine (ng/mL)

Figure 1. Scatter plot showing linear correlation between serum pentosidine and IMT in RA
patients
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Figure 2. Scatter plot showing linear correlation between serum CML and IMT in RA patients

0 100 200 300 400
MGO (ng/mL)

Figure 3. Scatter plot showing linear correlation between serum MGO and IMT in AR
patients
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4. Discussion

\\ MacrOthi“k Journal of Biology and Life Science

The development of cardiovascular events is a major complication in patients with RA due to
accelerated atherosclerosis. In RA, controlling systemic inflammation is currently viewed as
an effective strategy for modifying CVD risk factors and preventing vascular events (Mason,
2015), because inflammation plays a major role in initiation and progression of
atherosclerosis (Libby 2002). Carotid IMT is a non-invasive procedure as a useful marker of
the progression of atherosclerosis and is associated with clinical CVD and has independent
prognostic value and an excellent predictor of cardiovascular events (Roman, 2006, Roman,
2012). In a previous study carotid IMT demonstrated significant correlations with disease
severity, CRP and ESR values in RA patients (Kumeda, 2002, Gonzalez-Gay 2005, Del
Rincon, 2003).

Traditional risk factors such as smoking and dyslipidemia, which are best known for
contributing to the development of atherosclerosis in early and active RA
(Nurmohamed,2009), however, there are other non-traditional risk factors that recently are
considered to be among critical pathogenic factors that appear to be involved in RA. Our
previously studies have shown that serum CML and pentosidine levels were increased during
RA and CML was independently associated with the presence and the severity of RA, and in
other part, we found serum MGO and sRAGE (soluble receptor for advanced glycation end
products) levels are inversely related to the activity of RA and increased serum MGO levels
were independently associated with higher disease activity of RA (Knani, 2018a, 2018b). In
addition to these new studies, we showed before that serum AGEs levels were increased in
diabetes and its vascular complications, in particular the involvement of serum pentosidine
levels in the development of atherosclerosis in coronary artery disease (Kerkeni, 2014).
Yoshida et al, demonstrated that serum pentosidine concentrations showed a significant
positive correlation with carotid IMT in patients with diabetes (Yoshida, 2005).

With respect to the serum AGEs measurement, there is a new noninvasive measurement of
AGEs accumulation in the skin, named a skin autofluorescence (AF), has been recognized as
a useful and convenient marker for diabetic vascular diseases (Meerwaldt 2004). Recently,
some studies showed that skin AF as a surrogate marker for IMT in patients with diabetes
(Temma,2015, Osawa,2017, Yashioka,2017) and the use of skin AF may help to accurately
the real cardiovascular risk at the early stage of chronic kidney disease (Sanchez, 2017). Only,
by skin AF measurement, one study has shown that in RA patients, the AGEs were correlated
with IMT (de Groot, 2011). However, with our knowledge, there are no studies showing the
relation between serum AGEs and IMT in RA patients. This is the first study that we showed
serum pentosidine, CML and MGO levels are increased and are significantly related to IMT
and serum CML and MGO were independently associated with IMT in RA patients.

Chronic inflammation process might result in the production of AGEs and AGEs precursors.
AGEs can be a ligand for the receptor of AGE (RAGE), which is expressed on neutophils,
macrophages, T-cells and synovial fibroblasts (Pullerits, 2005). The formed complex
AGEs-RAGE activates the nuclear factor- B that stimulates transcription of
pro-inflammatory genes and leads to up-regulation of endothelial adhesion molecules and
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facilitates adhesion of circulating T-lymphocytes (Lander, 1997). As such, AGEs-RAGE
interaction can become a mechanism process for developing atherosclerosis in RA (Carroll,
2006). We found that serum pentosidine, CML and MGO were positively related to IMT and
serum CML and MGO were independently associated with IMT in RA, suggesting that not
only AGEs are involved in the development of atherosclerosis plaques but also precursor of
AGEs, MGO, is involved too. We speculate that in the RA patients increased serum AGES
and its precursors can be used as prognostic value for predicting IMT development.

\\ MacrOthi“k Journal of Biology and Life Science

5. Conclusions

This is a first study that shows an increased serum pentosidine, CML and MGO levels in RA
patients. These glycated products were significantly related to IMT. This supports the
hypothesis that in RA pathology, AGEs and its precursors may be early markers for
cardiovascular disease and atherosclerosis development.
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