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Abstract

Aim: few studies exist on HLA-DRB1 alleles and their association with RA in North Africa. We aimed to provide an
evaluation of the distribution of the HLA-DRB1* and -DQB1* genes in Moroccan patients with early RA. Additionally, we
sought to analyze the relationship between HLA molecules and the production of rheumatoid factor (RF) and anti-cyclic
citrullinated peptide antibodies (anti-CCP) in these patients.

Methods: 65 patients with rheumatoid arthritis benefited from HLA class II typing (DRB1* and DQB1*) and testing for
anti-CCP and RF antibodies. The frequency of HLA alleles was compared to that of 180 healthy controls. Logistic
regression analysis was used to investigate the association of HLA-DR and -DQ molecules in the different subgroups
according to anti-CCP and RF status.

Results: The frequency of HLA-DRB1*04 and *11 alleles is increased in patients compared to controls (OR = 1.9; 95%
CI (1.06-3.30), P=0.029; OR=2,95% CI (1-3.83, P=0.047, respectively). 56 patients (86.1%) were RF positive, and 67.7%
were anti-CCP positive. A significant increase in the frequency of DRB1*04 alleles was also noted in seropositive
patients.

Conclusion: Our results suggest the predisposition of the HLA-DRB1*04 allele and the seropositive status of patients
with RA. This could be useful in predicting the evolution of RA and establishing a diagnosis in some patients at an early
stage of disease use.

Keywords: Rheumatoid Arthritis; Rheumatoid Factor; Anti-Cyclic Citrullinated Peptides; HLA-DRB1; Moroccan
Population

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune rheumatic disease that involves chronic inflammation, specifically the
synovial joints.[1] The pathogenesis of RA involves two autoantibodies called rheumatoid factor (RF) and anti-cyclic
citrullinated peptide antibodies (anti-CCP).[2-4] These antibodies play a role in diagnosing RA based on the criteria set
by EULAR/ACR.[5]
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These antibodies can be present for many years before joint symptoms develop and predict progression to RA. [6]
Additionally, their presence is closely associated with radiological progression and severe disease prognosis.[7]

Various studies have shown that certain HLA-DRB1 alleles encoding for the "shared epitope" (SE), such as DRB1*04,
*01, *14, and *10, [3] are significantly linked to a higher risk of developing arthritis (RA) accompanied by anti-CCP
antibodies. [4,8,9]

The first Moroccan study examining the distribution of the HLA-DRB1 and -DQB1 alleles in patients with early RA did
not show a contribution from HLA-DRB1 alleles to cases of RA in general. However, a significant frequency of the HLA-
DRB1*04 allele was observed among patients who tested positive for RF antibodies.[10]

This paper aims to analyze and assess the distribution and frequencies of HLA-DRB1 and -DQB1 alleles in a larger group
of patients who recently developed RA and compare them with those found in healthy individuals within the Moroccan
population.

Additionally, we were interested in understanding the occurrence of antibodies (anti-CCP and RF) among these patients
and examining the relationship between HLA-DR1 and -DQB1 molecules in various subgroups based on their anti-CCP
and RF status.

2. Patients and methods

This study is a case-control analysis involving 65 patients from the ESPRIM database (evolution and monitoring of
recent undifferentiated polyarthritis in Morocco). [11] The database consists of a cohort of 200 recruited patients
between December 2008 and March 2012. These patients had arthritis that had been developing for more than a year.
All the patients met the criteria set by the American College of Rheumatology (ACR) in 2010. [5]

A biobank containing buffy coat and serum samples was collected from the patients at the time of inclusion. Ethical
approval for the ESPRIM cohort was obtained from the Biomedical Research Ethics Committee in Rabat.

To compare the patient group, we selected 180 healthy controls who shared characteristics regarding age, gender, and
ethnicity. These controls were randomly selected from a pool of Moroccans who have volunteered as bone marrow or
kidney transplantation donors.

For HLA typing (HLA-DRB1* and -DQB1*), we adopted the specific Primer Polymerase Chain Reaction (PCR-SSP)
technique using generic HLA genotyping plates provided by One Lambda.

All experimental procedures followed the manufacturer's recommendations. Subsequent data analysis and
interpretation of PCR SSP results were performed using HLA Fusion software developed by One Lambda.

The analyses were conducted at the histocompatibility laboratory of CHU Ibn Sina in Rabat, Morocco.

We used the Enzyme Linked Immuno Sorbent Assay (ELISA) technique with the ZEUS ELISA Rheumatoid Factor (RF)
IgM Test System to search for RF. A positive result was defined as a cut-off value = 6 [U/ml following the manufacturer’s
instructions. To analyze anti-CCP antibodies, we used the second-generation anti-CCP ELISA kit from Euroimmun (Anti-
CCP ELISA). We considered a threshold value of 5 IU/ml positive for detecting anti-CCP antibodies.

We performed all calculations using SPSS software package version 20 for Windows. Through regression models, we
derived odds ratios and 95% confidence intervals to measure the strength of the association between HLA alleles and
arthritis (RA) risk and serological status. A p-value of .05 determined statistical significance.

3. Results

Our study mainly included women (87.7%) with an average age of 47 (11) years. Tables 1 and 2 display the frequencies
of HLA-DRB1 and DQB1 alleles in both RA patients and healthy individuals.

In RA patients, we observed that the frequencies of the HLA-DRB1*04, *11, and HLA-DQB1*03 alleles were significantly
higher compared to the control group (OR=1.9, 95% CI (1.07-3.30), P=0.029; OR=2, 95% CI (1.01-3.83), P=0.047; and
OR=1.9, 95% CI (1.25-3.02), P=0.003), respectively. Although the frequency of DRB1*10 alleles was higher in RA
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patients (6.2%) than in healthy subjects (3.3%), this difference did not reach significance (OR=1.9, 95% CI (0.76-4.76),

P=0.17) (tablel).

Table 1 The distribution of HLA-DRB1 in patients with rheumatoid arthritis (RA) (n=65) and healthy controls (n=180)

HLA-DRB1* alleles | healthy controls (2n=360) | RA patients (2n=130) OR | 95% CI P value
DRB1*01 28 7.8 5 3.8 0.5 | (0.18-1.26) | 0.133
DRB1*03 42 11.7 20 15.4 1.4 | (0.77-2.45) | 0.276
DRB1*04 37 10.3 23 17.7 1.9 | (1.07-3.30) | 0.029
DRB1*07 68 18.9 15 11.5 0.6 | (0.31-1.02) | 0.058
DRB1*08 20 5.6 5 3.8 0.7 | (0.25-1.85) | 0.450
DRB1*09 1 0.3 2 1.5 5.6 | (0.5-62.39) | 0.161
DRB1*10 12 3.3 8 6.2 1.9 | (0.76-4.76) | 0.170
DRB1*11 24 6.7 16 12.3 2.0 | (1.01-3.83) | 0.047
DRB1*12 1 0.3 2 1.5 5.6 | (0.5-62.39) | 0.161
DRB1*13 51 14.2 15 11.5 0.8 | (0.43-1.46) | 0.453
DRB1*14 11 3.1 2 1.5 0.5 | (0.10-2.27) | 0.366
DRB1*15 62 17.2 13 10 0.5 | (0.28-1.01) | 0.053
DRB1*16 3 0.8 2 1.5 1.8 | (0.31-11.3) | 0.5

OR: odds ratio. CI: confidence interval at 95%. Differences were considered significant at P < 0.05.

Furthermore, we found that the frequency of HLA-DQB1*06 in RA patients (28.3%) was significantly lower than that in
healthy subjects (16.9%) (OR=0.5,95% CI (0.31-0.86), P=0.011). The control group showed an occurrence of DRB1*01,
*07,*13, *14, and *15 alleles compared to the RA patients. However, this difference did not reach significance.

Table 2 The distribution of HLA-DQB1 in patients with rheumatoid arthritis (RA) (n=65) and healthy controls (n=180)

HLA-DRB1* alleles | Healthy controls (2n=360) | RA patients (2n=130) OR | 95% CI P
value
DQB1*01 4 1.1 2 1.5 1.4 | (6.25-7.68) | 0.705
DQB1*02 109 30.3 31 23.8 0.7 | (0.45-1.14) | 0.165
DQB1*03 77 21.4 45 34.6 1.9 | (1.25-3.02) | 0.003
DQB1*04 17 4.7 11 8.5 1.9 | (0.85-4.10) | 0.12
DQB1*05 49 13.6 19 14.6 1.1 | (0.61-1.93) | 0.77
DQB1*06 102 283 22 16.9 0.5 | (0.31-0.86) | 0.011

OR: odds ratio. CI: confidence interval at 95%. Differences were considered significant at P < 0.05.

When analyzing RA patients precisely the frequencies of DRB1*11/DRB1*13 genotypes (OR= 14.91, 95% CI (1.71-
130.23), P=0.01) and DRB1*03/DRB1*11 genotypes (OR= 7.12; 95% CI (1.78-28.43), P=0.005) were found to be
significantly higher compared to the control group (Table 3).
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Table 3 Comparative analysis of the frequency of HLA-DRB1*/-DRB1* genotypes between patients with RA and healthy
controls

Genotype Healthy controls (n=180) | RA patients (n=65) | OR 95% CI P value
DRB1*01/DRB1*01 | 3 1.7 1 1.5 0.92 | (0.09-9.02) 0.94
DRB1*01/DRB1*11 | 1 0.6 0 - 0.34 | (0.001-146.88) | 0.73
DRB1*01/DRB1*13 | 6 3.3 1 1.5 6.45 | (0.05-3.84) 0.46
DRB1*01/DRB1*14 | 1 0.6 0 - 0.34 | (0.001-146.88) | 0.73
DRB1*01/DRB1*15 | 6 3.3 1 1.5 0.45 | (0.05-3.84) 0.46
DRB1*01/DRB1*03 | 0 - 1 1.5 19.12 | (0.04-8152.29) | 0.34
DRB1*01/DRB1*04 | 2 1.1 2 3.1 2.82 | (0.39-20.48) 0.30
DRB1*01/DRB1*07 | 5 2.8 0 - 0.34 | (0.22-5.13) 0.43
DRB1*01/DRB1*08 | 1 0.6 0 - 0.34 | (0.001-146.88) | 0.73
DRB1*10/DRB1*11 | 1 0.6 0 - 0.34 | (0.001-146.88) | 0.73
DRB1*10/DRB1*13 | 1 0.6 1 1.5 2.79 | (0.17-45.37) 0.46
DRB1*10/DRB1*15 | 5 2.8 0 - 0.34 | (0.02-5.13) 0.43
DRB1*11/DRB1*11 | 0 - 1 1.5 19.12 | (0.04-8152.29) | 0.34
DRB1*11/DRB1*13 | 1 0.6 5 7.7 1492 | (1.71-130.23) | 0.01
DRB1*11/DRB1*15 | 8 44 0 - 0.33 | (0.04-2.88) 0.31
DRB1*12/DRB1*13 | 1 0.6 2 3.1 5.68 | (0.51-63.75) 0.15
DRB1*13/DRB1*13 | 1 0.6 0 - 0.34 | (0.001-146.88) | 0.73
DRB1*13/DRB1*14 | 2 1.1 1 1.5 1.39 | (0.12-15.598) | 0.78
DRB1*13/DRB1*15 | 9 5.6 1 1.5 0.3 (0.04-2.39) 0.25
DRB1*13/DRB1*16 | 1 0.6 1 1.5 2.8 (0.17-45.37) 0.46
DRB1*15/DRB1*15 | 6 3.3 2 3.1 092 | (0.18-4.68) 0.92
DRB1*03/DRB1*10 | 2 1.1 1 1.5 1.39 | (0.12-15.6) 0.78
DRB1*03/DRB1*11 | 3 1.7 7 10.8 712 | (1.78-28.43) 0.005
DRB1*03/DRB1*13 | 8 4.4 2 3.1 0.68 | (0.14-3.30) 0.63
DRB1*03/DRB1*14 | 2 1.1 1 1.5 1.39 | (0.12-15.6) 0.78
DRB1*03/DRB1*15 | 9 5.0 2 31 0.6 (0.13-2.87) 0.52
DRB1*03/DRB1*04 | 0 - 4 6.2 - - 1
DRB1*03/DRB1*07 | 15 8.3 0 - - - 1
DRB1*03/DRB1*08 | 3 1.7 2 3.1 1.87 | (0.31-11.47) 0.49
DRB1*04/DRB1*10 | 2 1.1 3 4.6 4.3 (0.70-26.38) 0.11
DRB1*04/DRB1*11 | 6 3.3 1 1.5 0.45 | (0.05-3.84) 0.46
DRB1*04/DRB1*13 | 7 3.9 0 - - 1
DRB1*04/DRB1*15 | 4 2.2 4 6.2 2.88 | (0.70-11.89) 0.14
DRB1*04/DRB1*04 | 3 1.7 3 4.6 2.85 | (0.56-14.52) 0.20
DRB1*04/DRB1*07 | 7 3.9 1 1.5 0.39 | (0.05-3.20) 0.37
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DRB1*04/DRB1*08 | 2 1.1 2 3.1 2.82 | (0.39-20.48) | 0.30
DRB1*04/DRB1*09 | 1 0.6 0 - - - 1
DRB1*07/DRB1*10 | 0 - 3 46 - - 1
DRB1*07/DRB1*11 | 3 1.7 1 15 032 | (0.09-9.02) 0.94
DRB1*07/DRB1*13 | 8 44 1 15 033 | (0.04-2.73) 0.30
DRB1*07/DRB1*14 | 5 2.8 0 - - - 1
DRB1*07/DRB1*15 | 8 44 1 15 034 | (0.04-2.74) 0.30
DRB1*07/DRB1*16 | 1 0.6 1 15 28 | (0.17-4537) | 0.46
DRB1*07/DRB1*07 | 6 33 2 3.1 0.92 | (0.18-4.68) 0.92
DRB1*07/DRB1*08 | 4 2.2 1 15 0.69 | (0.07-6.27) 0.74
DRB1*07/DRB1*09 | 0 - 2 3.1 - - 1
DRB1*08/DRB1*10 | 1 0.6 0 - - -
DRB1*08/DRB1*11 | 1 0.6 0 - - - 1
DRB1*08/DRB1*13 | 5 2.8 0 - - - 1
DRB1*08/DRB1*14 | 1 0.6 0 - - - 1
DRB1*08/DRB1*15 | 1 0.6 0 - - - 1
DRB1*08/DRB1*16 | 1 0.6 0 - - - 1

OR: odds ratio. CI: confidence interval at 95%. Differences were considered significant at P<0.05

Regarding autoantibodies, among the 65 RA patients assessed, 44 (67.7%) had anti-CCP positive results, and 56 (86.1%)
tested positive for RF (Table 4).

Table 4 Distribution of patients with RA into serologic subgroups according to anti-CCP and RF antibodies status

Autoantibodies | RF positive | RF negative

No (%) No (%) Total
Anti-CCP positive | 42 (64,6) 2(3.1) 44(67,7)
Anti-CCP negative | 14 (21,5) 7 (10,8) 21(32,3)
Total 56 (86,1) 9(13,9) 65

Anti-CCP: anti-cyclic citrullinated peptide antibodies; RF: rheumatoid factor

In the RF patient subgroup, there was a higher frequency of HLA-DRB1*04 and DQB1*03 in RA patients when compared
to the control group (OR: 2.03,95% CI (1.03-3.99), P=0.039; and 58.9% vs 37.8%, OR: 2.36,95% CI (1.28-4.36), P=0.006
respectively). The frequency of HLA-DRB1*07, DRB1*15, and QDB1*06 alleles showed a decrease in patients with RA
who had anti-CCP antibodies compared to those without (OR=0.46, 95% CI (0.22-0.96) P=0.039; 16.1% vs 31.1%
OR=0.42,95% CI (0.19-0.92), P=0.03; and OR=0.4 95% CI (0.20-0.77), P=0.006 respectively) as shown in Table 5.

On the other hand, the frequency of HLA-DRB1*04 and DQB1*03 alleles was significantly higher in RA patients with
anti-CCP antibodies compared to controls (OR=2.7, 95% CI (1;33-5;51), P=0.006 and OR=2;17, 95% CI (1;11-4;23),
P=0.0023 respectively). Additionally, the frequency of HLA-DRB1*15 and QDB1*06 alleles showed a decrease in RA
patients with anti-CCP antibodies compared to those without (OR=0.42, 95% CI (0.18-0.9), P=0.004 and OR=0.41, 95%
CI (0.20-0.85), P=0.016 respectively) (Table 6).
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Table 5 Frequency of HLA-DRB1* and -DQB1* gene variants in the group of patients with RA according to RF antibody

status
Allelic group of HLA-DRB1 and | FR positive Healthy controls OR | 95% CI P
-DQB1* (n=56) (n=180) value
DRB1*01 6 10.7 25 13.9 0.74 | (0.29-1.91) 0.54
DRB1*03 19 33.9 42 23.3 1.69 | (0.88-3.23) 0.11
DRB1*04 18 321 34 189 2.03 | (1.03-3.99) 0.039
DRB1*07 11 19.6 62 34.4 0.46 | (0.22-0.96) 0.039
DRB1*08 5 8.9 20 11.1 0.78 | (0.28-2.19) 0.644
DRB1*09 2 3.6 1 0.6 6.63 | (0.59-74.53) | 0.125
DRB1*10 6 10.7 12 6.7 1.68 | (0.60-4.70) 0.323
DRB1*11 12 21.4 24 13.3 1.77 | (0.82-3.82) 0.145
DRB1*12 1 1.8 1 0.6 3.25 | (0.20-52.90) | 0.407
DRB1*13 11 19.6 50 27.8 0.63 | (0.30-1.33) 0.227
DRB1*14 1 1.8 1 6.1 0.28 | (0.035-2.21) | 0.227
DRB1*15 9 16.1 56 31.1 0.42 | (0.19-0.92) 0.03
DRB1*16 2 3.6 3 1.7 0.35 | (0.35-13.41) | 0.4
DQB1*1 1 1.8 4 2.2 0.80 | (0.09-7.30) 0.747
DQB1*2 28 50 88 48.9 1.04 | (0.57-1.90) 0.88
DQB1*3 33 58.9 68 37.8 2.36 | (1.28-4.36) 0.006
DQB1*4 8 14.3 17 9.4 1.59 | (0.65-3.93) 0.30
DQB1*5 16 28.6 46 25.6 1.65 | (0.60-2.27) 0.65
DQB1*6 15 26.8 86 47.8 0.4 | (0.20-0.77) 0.006

RF: Rheumatoid factor. OR: odds ratio. CI: confidence interval at 95%. Differences were considered significant at P < 0.05

Table 6 Frequency of HLA-DRB1* and -DQB1* gene variants in the group of patients with RA according to anti-CCP

antibody status

Allelic group of HLA-DRB1 and | Anti-CCP Positif Healthy controls OR | 95%CI P
-DQB1* (n=44) (n=180) value
DRB1*01 5 11.4 25 13.9 0.80 | (0.28-2.21) | 0.66
DRB1*03 13 295 42 233 1.38 | (0.66-2.87) | 0.39
DRB1*04 17 38.6 34 189 2.70 | (1.33-5.51) | 0.006
DRB1*07 10 23.7 62 34.4 0.56 | (0.26-1.21) | 0.14
DRB1*08 2 4.5 20 111 0.38 | (0.09-1.70) | 0.20
DRB1*09 2 4.5 1 0.6 8.52 | (0.75-96.22) | 0.08
DRB1*10 7 15.9 12 6.7 2.65 | (0.98-7.18) | 0.056
DRB1*11 7 15.9 24 13.3 1.23 | (0.49-3.07) | 0.66
DRB1*12 1 2.3 1 0.6 4.16 | (0.25-67.90) | 0.32
DRB1*13 9 20.5 50 27.8 0.67 | (0.30-1.49) | 0.32
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DRB1*14 0 0 11 6.1 - - 1
DRB1*15 7 15.9 56 31.1 0.42 | (0.18-0.9) 0.04
DRB1*16 2 4.5 3 1.7 2.81 | (0.45-17.35) | 0.27
DQB1*01 1 2.3 4 2.2 1.02 | (0.11-9.39) 0.98
DQB1*02 20 45.5 88 48.9 0.68 | (0.45-1.69) 0.870
DQB1*03 24 56.8 68 37.8 2.17 | (1.11-4.23) 0.023
DQB1*04 5 11.4 17 9.4 1.22 | (0.70-1.23) 0.70
DQB1*05 15 34.1 46 25.6 1.50 | (0.74-3.06) 0.26
DQB1*06 12 27.3 86 47.8 0.41 | (0.20-0.85) 0.016
Anti-CCP: anti-cyclic citrullinated peptide antibodies. OR: odds ratio. CI(:).(E)OSnfidence interval at 95%. Differences were considered significant at P <

4. Discussion

Research examining the link between HLA-DRB1 alleles and the risk of developing RA has found that HLA-DRB1 *04
and *10 alleles are linked to a susceptibility to RA in various populations, particularly among Arabs.[12-17] One study
examined the distribution of HLA class I and II genes in Morocco. While this study couldn't definitively establish the role
of HLA-DRB1* alleles in predisposing individuals to RA, our analysis revealed an increase in the frequency of HLA-
DRB1*04 alleles among Moroccan RA patients [10], likely due to the larger sample size. This discovery aligns with
findings indicating that different ethnic groups exhibit varying HLA-DRB1 alleles associated with RA. [18] For instance,
other predisposing alleles like DRB1*09 in Japanese [19], DRB1*01 in Israeli Jews [20] and DRB1*10 in Saudis [21],
Taiwanese [22] and Brazilians [23], have been implicated. Interestingly, some variants of the HLA-DRB1 gene seem to
offer protection against the disease.

Studies have observed that certain allele groups, like DRB1*13, DRB1*11, DRB1*07, DRB1*08, and DRB1*15, are
notably less common in patients with RA compared to the control group. [24-27] However, our results show that HLA-
DRB1*11 is a susceptibility and not a protection allele. This implies that another study on a larger sample may help
conclude the role of DRB1*11 in susceptibility to RA.

Our study also explored the connection between the DQB1* gene and RA. Our results point towards a predisposition of
the DQB1*03 allele to the disease while suggesting an effect of the DQB1*06 allele. However, concluding is challenging
due to the linkage disequilibrium between HLA-DRB1 and HLA-DQB1 loci.

An analysis of HLA-DRB1*/DRB1* genotypes highlighted an association between DRB1*11/DRB1*13 and
DRB3*/DRB1*13 and RA among Moroccans. These genotypes could potentially signify an increased risk of developing
RA. The findings in our study differ from those of Klimenta [28] , who identified that the DRB1*04/DRB1*04 and
DRB1*04/DRB1*03 genotypes were predominant among RA patients.

In our patient cohort, 67.7% tested positive for anti-CCP antibodies and 86.1% for RF antibodies. The prevalence of the
anti-CCP positive/RF positive profile was 64.62 %, which aligns with previously published data. [25,29-31] Our
investigation also delved into the relationship between HLA-DRB1* alleles and autoantibodies in RA serum samples. As
established by previous research, distinct clinical and genetic subtypes exist between anti-CCP positive and negative RA
cases. [32] Studies have shown associations between SE alleles and anti-CCP antibody presence in RA patients. [33-35]
In our analysis, we observed a link between the HLA-DRB1*04 allele and the presence of both anti-CCP antibodies and
RF positivity. This finding is consistent with most previously published reports. [36-38]

Our research found that HLA-DRB1*07 and *15 were negatively associated with anti-CCP-positive RA. Similarly,
DRB1*11, which has been noted as an allele of susceptibility to RA, did not affect the serological status, likely because it
relates to disease susceptibility rather than severity, unlike HLA-DRB1*04. Moreover, several studies have shown that
HLA-DRB1*09 and -DRB1*03 are more prevalent in RA patients without anti-CCP antibodies than those with antibodies.
[39-41] Due to a few patients without anti-CCP antibodies in our study, we couldn't establish a connection between
HLA-DRB1 alleles and the seronegative status in RA patients.

2050



World Journal of Advanced Research and Reviews, 2024, 23(01), 2044-2053

Overall, research is scarce on HLA-DRB1 alleles and their role in diseases in North Africa. Our study is the first to
examine the association between HLA class II and the development of anti-CCP and RF antibodies in Moroccan RA
patients. We confirmed the results concerning the HLA-DRB1*04 allele, which was reported as a predisposition allele.
It would be interesting to complete the task with specific typing to identify the particular allele carrying the shared
epitope on the one hand. On the other hand, a study on a larger sample would be necessary to confirm the different
results and gain a better knowledge of the HLA profile of Moroccan patients with RA. Finally, studying HLA-DRB1 alleles
in North African populations is essential to understanding the genetic risk factors for RA and developing personalized
approaches to prevention and treatment.

Compliance with ethical standards

Disclosure of conflict of interest

All authors declare there are no conflicts of interest to report.

Statement of informed consent

Informed consent was obtained from all individual participants included in the study.

References

[1]  Essakalli M, Benseffaj N, Atouf O, Brick C. Rheumatoid arthritis: A new concept for an old system. Revue
Francophone des Laboratoires. 2011;2011(436):51-8.

[2] Trouw LA, Rispens T, Toes REM. Beyond citrullination: Other post-translational protein modifications in
rheumatoid arthritis. Nat Rev Rheumatol. 2017;13(6):331-9

[3] van Drongelen V, Holoshitz J. Human Leukocyte Antigen-Disease Associations in Rheumatoid Arthritis.
Rheumatic Disease Clinics of North America. 2017;43(3):363-76.

[4] Trouw LA, Rispens T, Toes REM. Beyond citrullination: Other post-translational protein modifications in
rheumatoid arthritis. Vol. 13, Nature Reviews Rheumatology. Nature Publishing Group; 2017. p. 331-9.

[5] HuaC, Combe B. Les nouveaux criteres de classification ACR/EULAR 2010 pour un diagnostic plus précoce de la
polyarthrite rhumatoide. Revue du Rhumatisme Monographies. 2017;84(4):337-42.

[6] Chou C, Liao H, Chen C, Chen W, Wang H, Su K. The Clinical Application of Anti-CCP in Rheumatoid Arthritis and
Other Rheumatic Diseases. Biomark Insights. 2007;2(201):117727190700200.

[7] Van Der Woude D, Syversen SW, Van Der Voort EIH, Verpoort KN, Goll GL, Van Der Linden MPM, et al. The ACPA
isotype profile reflects long-term radiographic progression in rheumatoid arthritis. Ann Rheum Dis.
2010;69(6):1110-6.

[8] Singwe-Ngandeu M, Finckh A, Bas S, Tiercy JM, Gabay C. Diagnostic value of anti-cyclic citrullinated peptides and
association with HLA-DRB1 shared epitope alleles in African rheumatoid arthritis patients. Arthritis Res Ther.
2010 Mar 2;12(2).

[9] Klareskog L, Ronnelid ], Lundberg K, Padyukov L, Alfredsson L. Immunity to citrullinated proteins in rheumatoid
arthritis. Vol. 26, Annual Review of Immunology. 2008. p. 651-75.

[10] Atouf O, Benbouazza K, Brick C, Bzami F, Bennani N, Amine B, et al. Polymorphisme HLA et polyarthrite
rhumatoide précoce dans la population marocaine. Revue du Rhumatisme (Edition Francaise). 2008;75(9):824-
30.

[11] HAJJAJ-HASSOUNI N. Rheumatoid Arthritis in Morocco: Past and Present. International Journal of Medicine and
Surgery. 2017;4(s):41-4.

[12] Fries JF, Wolfe F, Apple R, Erlich H, Bugawan T, Holmes T, et al. HLA-DRB1 genotype associations in 793 white
patients from a rheumatoid arthritis inception cohort: Frequency, severity, and treatment bias. Arthritis Rheum.
2002;46(9):2320-9.

[13] Tuokko ], Nejentsev S, Luukkainen R, Toivanen A, llonen ]. HLA haplotype analysis in Finnish patients with
rheumatoid arthritis. Arthritis Rheum. 2001;44(2):315-22.

2051



[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]
[32]

[33]

World Journal of Advanced Research and Reviews, 2024, 23(01), 2044-2053

Van Jaarsveld CHM, Otten HG, Jacobs JWG, Kruize AA, Brus HLM, Bijlsma JW]. Association of HLA-DR with
susceptibility to and clinical expression of rheumatoid arthritis: Re-evaluation by means of genomic tissue typing.
Br ] Rheumatol. 1998;37(4):411-6.

Stark K, Rovensky ], BlaZickova S, Grosse-Wilde H, Ferencik S, Hengstenberg C, et al. Association of common
polymorphisms in known susceptibility genes with rheumatoid arthritis in a Slovak population using
osteoarthritis patients as controls. Arthritis Res Ther. 2009;11(3):1-10.

Sandoughi M, Fazaeli A, Bardestani G, Hashemi M. Frequency of HLA-DRB1 alleles in rheumatoid arthritis
patients in Zahedan, southeast Iran. Ann Saudi Med. 2011;31(2):171-3.

Bizzari S, Nair P, Taleb M, Ali AL, Rezzak A. Meta-analyses of the association of HLA-DRB1 alleles with rheumatoid
arthritis among Arabs. 2016.

Kochi Y, Suzuki A, Yamada R, Yamamoto K. Genetics of rheumatoid arthritis: Underlying evidence of ethnic
differences. ] Autoimmun . 2009;32(3-4):158-62

Shimane K, Kochi Y, Suzuki A, Okada Y, Ishii T, Horita T, et al. An association analysis of HLA-DRB1 with systemic
lupus erythematosus and rheumatoid arthritis in a Japanese population: Effects of *09:01 allele on disease
phenotypes. Rheumatology (United Kingdom). 2013;52(7):1172-82.

de Vries N, Renningen KS, Tilanus MGJ, Bouwens-Rambouts A, Segal R, Egeland T, et al. HLA-DR1 and rheumatoid
arthntis in Israeli Jews: Sequencing reveals that DRB1*0102 is the predominant HLA-DR1 subtype. Tissue
Antigens. 1993;41(1):26-30.

Al-Swailem R, Al-Rayes H, Sobki S, Arfin M, Tariq M. HLA-DRB1 association in Saudi rheumatoid arthritis patients.
Rheumatol Int. 2006;26(11):1019-24.

Liu SC, Chang TY, Lee Y], Chu CC, Lin M, Chen ZX, et al. Influence of HLA-DRB1 genes and the shared epitope on
genetic susceptibility to rheumatoid arthritis in Taiwanese. Journal of Rheumatology. 2007;34(4):674-80.

Louzada-Junior P, Freitas MVC, Oliveira RDR, Deghaide NHS, Conde RA, Bertolo MB, et al. A majority of Brazilian
patients with rheumatoid arthritis HLA-DRB1 alleles carry both the HLA-DRB1 shared epitope and anti-
citrunillated peptide antibodies. Brazilian Journal of Medical and Biological Research. 2008;41(6):493-9.

Laivoranta-Nyman S, Mottonen T, Hermann R, Tuokko ], Luukkainen R, Hakala M, et al. HLA-DR-DQ haplotypes
and genotypes in Finnish patients with rheumatoid arthritis. Ann Rheum Dis. 2004;63(11):1406-12.

Kinikli G, Ates A, Turgay M, Akay G, Kinikli S, Tokgoéz G. HLA-DRB1 genes and disease severity in rheumatoid
arthritis in Turkey. Scand ] Rheumatol. 2003;32(5):277-80.

Del Rincén [, Escalante A. HLA-DRBT1 alleles associated with susceptibility or resistance to rheumatoid arthritis,
articular deformities, and disability in Mexican Americans. Arthritis Rheum. 1999;42(7):1329-38.

Ruiz-Morales JA, Vargas-Alarcon G, Flores-Villanueva PO, Villarreal-Garza C, Hernandez-Pacheco G, Yamamoto-
Furusho JK, et al. HLA-DRB1 alleles encoding the “shared epitope” are associated with susceptibility to
developing rheumatoid arthritis whereas HLA-DRB1 alleles encoding an aspartic acid at position 70 of the 3-
chain are protective in Mexican Mestizos. Hum Immunol. 2004 Mar;65(3):262-9.

Klimenta B, Nefic H, Prodanovic N, Jadric R, Hukic F. Association of biomarkers of inflammation and HLA-DRB1
gene locus with risk of developing rheumatoid arthritis in females. Rheumatol Int. 2019;39(12):2147-57.

Ugar F, Capkin E, Karkucak M, Yiicel B, Sonmez M, Alver A, et al. Associations of HLA-DRB1 alleles with anti-
citrullinated protein antibody-positive and anti-citrullinated protein antibody-negative rheumatoid arthritis in
northern east part of Turkey. Int ] Rheum Dis. 2012;15(6):538-45.

Benbouazza K, Benchekroun B, Rkain H, Amine B, Bzami F, Benbrahim L, et al. Profile and course of early
rheumatoid arthritis in Morocco: a two-year follow-up study. 2011.

Valentiner DP, Hood ], Hawkins A. Brief report. Cogn Emot. 2006;20(5):729-35.

van der Helm-van Mil AHM, Huizinga TW]. Advances in the genetics of rheumatoid arthritis point to
subclassification into distinct disease subsets. Arthritis Res Ther. 2008;10(2).

Humphreys JH, Verheul MK, Barton A, MacGregor A], Lunt M, Toes REM, et al. Anticarbamylated protein
antibodies are associated with long-term disability and increased disease activity in patients with early
inflammatory arthritis: Results from the Norfolk Arthritis Register. Ann Rheum Dis. 2016;75(6):1139-44.

2052



[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

World Journal of Advanced Research and Reviews, 2024, 23(01), 2044-2053

Holzer M, Zangger K, El-Gamal D, Binder V, Curcic S, Konya V, et al. Myeloperoxidase-derived chlorinating species
induce protein carbamylation through decomposition of thiocyanate and urea: Novel pathways generating
dysfunctional high-density lipoprotein. Antioxid Redox Signal. 2012;17(8):1043-52.

Verheul MK, Shiozawa K, Levarht EWN, Huizinga TW], Toes REM, Trouw LA, et al. Anti-carbamylated protein
antibodies in rheumatoid arthritis patients of asian descent. Rheumatology (United Kingdom).
2015;54(10):1930-2.

Mahdi H, Fisher BA, Kéllberg H, Plant D, Malmstrém V, Ronnelid ], et al. Specific interaction between genotype,
smoking and autoimmunity to citrullinated a-enolase in the etiology of rheumatoid arthritis. Nat Genet.
2009;41(12):1319-24.

Gourraud PA, Dieudé P, Boyer JF, Nogueira L, Cambon-Thomsen A, Maziéres B, et al. A new classification of HLA-
DRB1 alleles differentiates predisposing and protective alleles for autoantibody production in rheumatoid
arthritis. Arthritis Res Ther. 2007;9(2):1-8.

Alrogy A, Dirar A, Alrogy W, Fakhoury H, Hajeer A. Association of human leukocyte antigen- DRB1 with anti-cyclic
citrullinated peptide autoantibodies in Saudi patients with rheumatoid arthritis. Ann Saudi Med. 2017;37(1):38-
41.

Shi ], Knevel R, Suwannalai P, Van Der Linden MP, Janssen GMC, Van Veelen PA, et al. Autoantibodies recognizing
carbamylated proteins are present in sera of patients with rheumatoid arthritis and predict joint damage. Proc
Natl Acad Sci U S A.2011;108(42):17372-7.

Wakitani S, Imoto K, Murata N, Toda Y, Ogawa R, Ochi T. The homozygote of HLA-DRB1*0901, not its
heterozygote, is associated with rheumatoid arthritis in Japanese. Scand ] Rheumatol. 1998;27(5):381-2.

Furuya T, Hakoda M, Ichikawa N, Higami K, Nanke Y, Yago T, et al. Differential association of HLA-DRB1 alleles in
Japanese patients with early rheumatoid arthritis in relationship to autoantibodies to cyclic citrullinated peptide.
Clin Exp Rheumatol. 2007;25(2):219-24.

2053



