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Abstract

:

Systemic Lupus Erythematosus (SLE) is a prolonged inflammatory autoimmune disease, which is characterized by a high titer of serological autoantibodies. Interactions between environmental and genetic factors play a crucial role in the pathogenesis of SLE. Human Leukocyte Antigen (HLA) genes, namely HLA-class II genes, are one of the main candidate genes that increase susceptibility to SLE. The aim of this study was to investigate, for the first time, the association of HLA-DRB1 and HLA-DQB1 genes among Jordanian patients diagnosed with SLE and Lupus Nephritis (LN) using the Polymerase Chain Reaction-Sequence-Specific Primer (PCR-SSP) technique. This study showed that SLE is positively associated with DRB1*0301, DRB1*1101, DRB1*1102 and HLA-DQB1*0601. Furthermore, HLA-DRB1*0301, DRB1*1101, HLA-DRB1*1501 and HLA-DQB1*0601 were found to be linked to SLE patients with LN. In addition, haplotypes HLA-DRB1*0301/DQB1*0201 and HLA-DRB1*1501/DQB1*0601 were found to be linked to SLE and LN. Our findings may serve as possible predictive markers for early screening for LN risk in SLE patients. In light of these results, the role of HLA gene polymorphisms may help in understanding the clinical course, prognosis of the disease and developing better treatment strategies for SLE patients. In addition, it may help in early diagnosis, prevention, intervention and management of the disease.
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1. Introduction


Systemic Lupus Erythematosus (SLE) is a long-lasting inflammatory autoimmune disease that frequently affects females. SLE is characterized by the development of autoreactive B and T cells against self-antigens through the formation of antinuclear antibodies, anti-double stranded DNA antibodies and immune complexes [1]. The clinical picture of the disease varies from modest rashes or joints disease to organ damage and life-threatening complications such as glomerulonephritis and hematologic diseases. Importantly, it is unpredictable which complications will affect a particular patient [2]. Furthermore, there is a remarkable difference in the incidence as well as the prevalence of SLE disease in different ethnicities. The total global incidence and prevalence of SLE varies from 1.5 to 11 per 100,000 individuals, and between 13 to 7713.5 per 100,000 persons, respectively [3]. Although the etiology or the underlying pathophysiological mechanism that stimulates the autoimmune response in SLE patients, like many other autoimmune diseases, is still unknown, several factors including genetic, environmental, hormonal, epigenetic and immune-regulatory factors play a role in SLE susceptibility [4]. Over the years, genome-wide association studies (GWAS), have importantly enriched our knowledge and understanding of the genetic basis of SLE [5]. So far, GWAS and other independent studies mainly in European and Asian populations, have revealed around 100 genetic loci that may increase susceptibility to SLE, which emphasizes the essential role of genetic factors in predisposition to SLE [6,7]. Human leukocyte antigens (HLA), specifically HLA-class II genes, are one of the main candidate genes that increase the susceptibility to SLE [8,9]. Yet, it is unclear exactly how HLA predisposes an individual to AID. Molecular mimicry is a suggested hypothesis in which a foreign immunogen has structural or sequence that matches with self-antigens. Amino acids with similar chemical characteristics are able to bind at the MHC peptide binding cleft, which can be recognized by T-cell receptor (TCR). However, the peptide sequence binding to MHC class II molecules and forming MHC/peptide complex which is presented to T cells were found to be dependent on amino acid properties [10]. Recent studies suggested that amino acid alterations in some HLA genes were the bases of major SLE association in different populations. The amino acid locations 11, 13, 26 and 37 on the epitope-binding cleft of HLA-DRB1, the amino acid location 37 of the HLA-DQB1 and the locations 70 and 9 in HLA-A and HLA-B, respectively, were found to be responsible for HLA-SLE association [11,12].



Several studies among different populations had attempted to deduce the HLA-SLE association to identify the possible HLA genes that may increase the risk to SLE. For example, in studies performed on European SLE patients, high risk of SLE was linked to HLA-B*0801, HLA-DRB1*0301 and HLA-DRB1*0801 [13]. In addition, HLA class I alleles B*0801 and B*1801 and class II alleles DQB1*0201, DRB3*02 and DQA*0102 were reported to be associated with SLE in European ancestry SLE patients [14]. On the other hand, alleles with increased susceptibility to SLE in Asian patients were HLA-DRB1*0901, HLA-DRB1*1501 and HLA-DQB1*0602 [15,16,17]. Furthermore, a study that was conducted in the Tunisian population found that HLA-DRB1*03 was associated with SLE [18], while HLA-DQB1*06 has been linked to SLE in Egyptians [19]. In addition, DRB1*0301/DQA1*0501/DQB1*0201 and DRB1*1501/03/DQA1*0102/DQB1*0601 haplotypes were considered SLE-risk alleles in European, African and Hispanic American ancestries [20]. To date, there is no study that investigates whether there is an association between HLA genes and SLE among Jordanians. The main goal of this study was to investigate HLA-DRB1 and HLA-DQB1 polymorphisms in Jordanian SLE patients in comparison to a control healthy group. In addition, another goal of the study was to figure out the HLA alleles/haplotypes that are linked to lupus nephritis (LN) among Jordanian SLE patients. Identifying the genes associated with SLE among Jordanian patients could help in identifying individuals at higher risk of developing the disease.




2. Materials and Methods


2.1. Subject Selection


A total of 74 healthy controls and 80 SLE patients took part in this study. The patients were enrolled from the department of rheumatology at the Jordan University Hospital (JUH) in Amman, Jordan from March 2021 to January 2022. SLE patients were diagnosed according to the guidelines of the American College of Rheumatology (ACR) [21]. An inclusion criterion of this study was that all participants of the study should not be relatives and should be of Jordanian origin. In addition, an exclusion criterion for patients was having other autoimmune diseases other than SLE. Subjects in the control group having autoimmune diseases in their family history were also excluded. The inclusion and exclusion criteria for the control group were based on a questionnaire used for this study. Patients’ demographic and clinical information were gained from hospital records. Institutional review board (IRB) approval number (146/2021) was gained from the ethical committee at the JUH and all procedures were performed in accordance with the ethical standards of the institution and the national research committee in addition to the principles of the declaration of Helsinki. An informed consent was obtained from all participants. Patient and control volunteers were not involved directly in the design and conduct of this study. However, they were completely informed about the procedure, the aim and the possible outcomes of this study. In addition, the importance of this study as well as the value of enriching the scientific society with genetical background of SLE patients was explained to the volunteers.




2.2. DNA Extraction and HLA Genotyping


Three milliliters of peripheral whole blood was used for DNA extraction by using Wizard® Genomic DNA purification kit as described previously [22,23]. DNA has been quantified using the NanoDrop spectrophotometer (Quawell DNA/Protein Analyzer, Montreal, QC, Canada). DNA purity (A260/A280) was between 1.7 and 1.8 and the average concentration of the DNA samples was about 50 ng. DNA samples used were stored at −20 °C until use. HLA-DRB1 and HLA-DQB1 genotyping was performed by the polymerase chain reaction-sequence-specific primers method (PCR-SSP) using the micro SSP kit of One Lambda (Roscoe Blvd, West Hills, ON, Canada) conferring to the manufacturer’s protocol.




2.3. Statistical Analysis


The Statistical Package for Social Sciences (SPSS) software (version 26) was used for statistical analysis (IBM analytics, Armonk, NY, USA). Differences in the frequencies (%) of HLA-DRB1 and HLA-DQB1 alleles and haplotypes of SLE patients’ group and a healthy group were analyzed using Chi-square test. Odds ratio (OR) was calculated with a 95% Confidence Interval (CI). In case the frequency of any of the studied groups was equal to zero, Haldane–Anscombe correction [24,25] was applied to correct the bias using the MedCalc software Ltd. (Ostend, Belgium) [26,27] for measuring the p-value, OR and 95% CI as described previously [28,29]. Differences were considered significant when the p value was less than 0.05.





3. Results


3.1. Demographic Data of the Participants


In total, 154 participants took part in this study (74 healthy controls and 80 SLE patients). The average age (mean ± SD) of the control group and SLE patients was 29.10 ± 7.02 and 38.91 ± 12.46 years, respectively. The control group included 45 (60.8%) males and 29 (39.2%) females, while the SLE patients’ group consisted of 7 (8.8%) males and 73 (91.3%) females. Furthermore, the mean age of SLE disease onset was 27.80 ± 11.08 years and the mean duration of the disease was 11.11 ± 8.57 years. In addition, almost half of the SLE patients 39 (48.8%) suffered from LN.




3.2. HLA-DRB1 Allele Frequencies among SLE Patients and Healthy Controls


Table 1 shows the distribution of HLA-DRB1 allele frequencies in SLE patients and controls. HLA-DRB1*0301 (p = 0.005, OR=2.60), HLA-DRB1*1101 (p = 0.041, OR = 1.86) and HLA-DRB1*1102 (p = 0.02, OR = 2.64) showed a positive association with SLE, with a higher frequency of the alleles in the SLE patients’ group in comparison to the control group. On the other hand, HLA-DRB1*0101 (p = 0.022, OR = 0.20), HLA-DRB1*0403 (p = 0.023, OR = 0.04), HLA-DRB1*0701 (p = 0.004, OR = 0.35), HLA-DRB1*1301 (p = 0.016, OR = 0.27) and DRB1*1401 (p = 0.042, OR = 0.05) were negatively linked to SLE.




3.3. HLA-DQB1 Allele Frequencies among SLE Patients and Healthy Controls


HLA-DQB1 alleles frequencies are presented in Table 2. The HLA-DQB1 allele that showed a statistically significant positive association with SLE was DQB1*0601 (p ≤ 0.001, OR = 11.03), with a higher frequency of the alleles in the SLE patients’ group in comparison to the control group. However, HLA-DQB1*0603 (p = 0.028, OR = 0.04) is suggested to be a protective allele since it was totally absent in the SLE patients’ group.




3.4. HLA-DRB1/DQB1 Haplotypes among SLE Patients and Healthy Controls


Table 3 shows a large variance in the putative HLA-DRB1/DQB1 haplotypes among our groups (54 haplotypes) with an increase in the frequency of DRB1*0301/DQB1*0201 (p = 0.037, OR = 2.20) and DRB1*1501/DQB1*0601 (p < 0.001, OR = 9.84) haplotypes in SLE patients in comparison to controls. On the other hand, the following HLA-DRB1/DQB1 putative haplotypes are suggested to be protective haplotypes since they were totally absent in the SLE patients: DRB1*0403/DQB1*0302 (p = 0.034, OR = 0.05), DRB1*0701/DQB1*0201 (p = 0.001, OR = 0.24), DRB1*1301/DQB1*0603(p = 0.028, OR = 0.04) and DRB1*1501-DQB1*0602 (p = 0.028, OR = 0.04).




3.5. HLA-DRB1 Allele Frequencies among SLE Patients with LN and Healthy Controls


Table 4 shows the HLA-DRB1 allele frequency in SLE patients with LN and healthy control groups. The results showed that the HLA-DRB1*0301 (p = 0.006, OR = 2.89), DRB1*1101 (p = 0.040, OR = 2.06) and DRB1*1501 (p = 0.043, OR = 2.27) alleles show a positive association with the SLE with LN group, with a higher allele frequency in the LN group in comparison to the control group. In contrast, DRB1*0701 (p = 0.040, OR = 0.39) and DRB1*1301 (p = 0.026, OR = 0.14) may be suggested as protective alleles, as they show a significant negative association to SLE with LN.




3.6. HLA-DQB1 Allele Frequencies among SLE Patients with LN and Healthy Controls


Table 5 shows the HLA-DQB1 allele frequency in the SLE with LN group and the control group. The results revealed that the HLA-DQB1*0601 allele was positively linked to LN (p ≤ 0.001, OR = 18.84), while the DQB1*0602 (p = 0.044, OR = 0.06) allele was negatively linked to LN susceptibility.




3.7. HLA-DRB1/DQB1 Haplotype Frequencies among SLE Patients with LN and Healthy Controls


Table 6 shows the HLA-DRB1/DQB1 haplotype frequencies in SLE with LN and the control groups. Our results revealed an increase in the haplotype frequency of DRB1*0301/DQB1*0201 (p = 0.032, OR = 2.50) and DRB1*1501-DQB1*0601 (p < 0.001, OR = 15.97) in LN patients in comparison to the control group. In contrast, the DRB1*0701-DQB1*0201 (p = 0.016, OR = 0.28) haplotype was suggested protective against LN development.




3.8. HLA-DRB1 and -DQB1 Allele and Haplotype Frequencies among SLE Patients without LN and SLE with LN


Our findings showed that the allele frequencies of HLA-DRB1*0301 and HLA-DRB1*1101 were high in both groups, SLE patients with LN and SLE patients without LN without significant differences (Table S1). However, results showed that the HLA-DRB1*1501 and DQB1*0601 alleles were significantly increased (p = 0.042 and p = 0.007, respectively) among SLE patients with LN in comparison to SLE patients without LN (Table S1). In addition, our findings revealed that the HLA-DRB1*1501/DQB1*0601 haplotype is significantly increased (p = 0.021) among SLE patients with LN in comparison to SLE patients without LN (Table S2).





4. Discussion


Systemic Lupus Erythematosus (SLE) is a prolonged autoimmune disease, with a wide array of manifestations that may affect any organ. Renal manifestations were estimated to reach 50.4% among Arab SLE patients and 47.62% in Jordanian SLE patients [30]. This study investigates for the first time the association of HLA-DRB1 and HLA-DQB1 polymorphisms in Jordanian SLE patients as well as SLE with LN patients in comparison to control healthy individuals.



In Jordanian SLE patients, our results revealed a positive association of DRB1*0301 as it seems to increase the susceptibility to SLE disease in the Jordanian population. Comparable results were also observed in studies done on SLE patients in Caucasian US [31], Latin American [32], Tunisian [18,33], Taiwanese [34], Italian [35], Portuguese [36], British and European [13,37], Pakistani [38] and Korean populations [11]. Furthermore, both DRB1*1101 and DRB1*1102 which have shown a significant association with SLE susceptibility in Jordanian patients in our study, were also shown to be associated with SLE predisposition in the Pakistani [38] as well as the Iranian and west Indian population [39,40]. Nevertheless, the DRB1*1101 allele was considered a protective allele in Latin Americans [32]. Regarding the HLA-DQB1 alleles, our results reported a positive association of HLA-DQB1*0601 allele with SLE disease susceptibility. This finding is consistent with previous studies that was conducted on Iranian [41] and on Hungarian SLE patients [42]. Furthermore, our analysis showed that the following HLA-DRB1 alleles were negatively linked to SLE susceptibility: *0101, *0403, *0701, *1301 and *1401 and may thus be considered protective alleles against SLE development. Notably, DRB1*0403, DRB1*1401 and DQB1*0603 can be considered protective alleles against SLE development since they were totally absent in the Jordanian SLE patients’ group.



LN is one of the most severe complications of SLE disease and is a crucial driver of mortality and morbidity in SLE [3]. Regarding Jordanian SLE patients with LN, our data demonstrated significant association between the HLA-DRB1*0301 allele and LN susceptibility when compared to healthy controls. This positive association was also found in Swedish [43], as well as Italian LN patients [35]. In addition, our findings revealed a positive link of the HLA-DRB1*1501 allele with LN in comparison to the healthy controls, and this result is aligned with the findings of studies done on SLE patients with LN in other populations such as Indonesian [44], Moroccan [45], Saudi [46] as well as Brazilian populations [47]. Furthermore, in line with our results, a meta-analysis study in 2014 stated that HLA-DR3 (DRB1*0301) and DR2 (DRB1*1501) increased the risk for LN development [48,49]. Nevertheless, while our results revealed a positive association of HLA-DR11 (DRB1*1101) allele with LN in Jordanian patients when compared to healthy controls, DR11 alleles was reported to be a protective factor against LN development as stated by a meta-analysis study and other independent studies [44,46,47,48,49]. This remarkable difference in literature concerning protective alleles of SLE is in part due to genetic differences among populations and environmental exposures. Regarding the HLA-DQB1 alleles, our results reported a positive association of HLA-DQB1*0601 allele in SLE with LN. This finding is consistent with what has been reported in Iranians [41]. In addition, the HLA-DQB1*0602 allele can be considered a protective allele against LN development since the allele was totally absent in the Jordanian SLE with LN patients’ group. Furthermore, intra-group analysis between the frequency of alleles in SLE patients without LN and SLE patients with LN showed that HLA-DRB1*0301 and HLA-DRB1*1101 were high in both groups with no statistically significant differences. Nevertheless, comparison between the frequency of alleles in SLE patients without LN and SLE patients with LN confirms our conclusions about the role of HLA-DRB1*1501 and DQB1*0601 alleles in increasing susceptibility of LN in SLE patients.



Furthermore, two haplotypes, namely HLA-DRB1*0301/DQB1*0201 and HLA-DRB1*1501/DQB1*0601, have been linked to SLE Jordanian patients and LN in comparison to healthy controls. Our results suggested that the HLA-DRB1*1501-DQB1*0601 haplotype is a risk factor for SLE and LN in the Jordanian SLE patients, whereas DQB1*0602 allele suppressed the immune response to SLE predisposition of DRB1*1501 as the haplotype HLA-DRB1*1501-DQB1*0602 is suggested to be a protective haplotype in the Jordanians. Nevertheless, a study performed in the Italian population showed that DRB1*1501 significantly increased the likelihood of developing LN in combination with the DQA1*0101 allele (HLA-DRB1*1501-DQA1*0101), while DQA1*0102 significantly reduced the nephritogenic effects of DRB1*1501 (HLA-DRB1*1501-DQA1*0102) in Italian SLE patients [35]. Moreover, the following haplotypes: DRB1*0403/DQB1*0302, DRB1*0701/DQB1*0201 and DRB1*1301/DQB1*0603 may be considered protective haplotypes since they were negatively linked to SLE patients. In addition, intra-group analysis between the frequency of haplotypes in SLE patients without LN and SLE patients with LN confirmed that the HLA-DRB1*1501/DQB1*0601 haplotype is linked to LN in SLE patients in Jordan. All in all, varying ethnic genetic backgrounds of the different investigated populations may be the cause of the disparity between our findings and those of other populations and the role of HLA class II alleles association or protection with SLE disease is still debatable among different populations.



In summary, our results revealed a significant association of the following HLA-DRB1 alleles: *0301, *1101, *1102, and the HLA-DQB1*0601 allele with SLE in Jordanian patients. Furthermore, DRB1*0301, DRB1*1501 and HLA-DQB1*0601 were found to be significantly associated with LN development in SLE patients. Previous studies which indicated that the class II alleles HLA-DR2 (DRB1*1501) and HLA-DR3 (DRB1*0301) confer a two- to three-fold greater risk for SLE development is in agreement with our findings [11,31,32,33,34,35,36,37,46,47,50]. In addition, two putative haplotypes, HLA-DR3 (HLA-DRB1*0301/-DQB1*0201) and HLA-DR2 (HLA-DRB1*1501/DQB1*0601), were found to be linked to SLE Jordanian patients and LN when compared to healthy controls, while DRB1*0403/DQB1*0302, DRB1*0701/DQB1*0201 and DRB1*1301/DQB1*0603 may be considered protective haplotypes. In addition, HLA-DRB1*11 allele was reported in our study to be associated with Jordanian SLE and LN patients in comparison with healthy population which is infrequently found to be implicated in SLE or LN. These results could provide useful information for diagnosis and the determination of prognosis in Jordanian SLE patients. This variation in the results may be attributed to genetic ethnic diversity among different populations and environmental exposures. We acknowledge that the sample size of this study was limited. However, all SLE patients that visited the department of rheumatology at JUH during the period of the recruitment process were included in this study.




5. Conclusions


In conclusion, analysis of the immunogenetic profile of SLE and LN Jordanian patients unveiled several alleles that could be considered risk factors for SLE disease development, namely DRB1*0301, *1101, *1501 and DQB1*0601. Furthermore, DRB1*0301, DRB1*1501 and HLA-DQB1*0601 appear to increase the risk factor for LN in Jordanian SLE patients. Additionally, haplotypes HLA-DR3 and HLA-DR2 were found to be linked to SLE Jordanian patients and LN, while DRB1*0403/DQB1*0302, DRB1*0701/DQB1*0201 and DRB1*1301/DQB1*0603 are protective haplotypes against SLE development. Therefore, these alleles/haplotypes may serve as possible predictive markers for early screening for SLE disease as well as screening for LN risk in SLE patients. Early detection and timely diagnosis of LN are crucial as LN is a leading cause of morbidity and mortality in SLE patients. This would make it easier for SLE patients who may be at risk of getting LN to take the necessary precautions to delay the progression of the disease. In addition, knowledge of the causative genes will reduce the progression of the disease with proper treatment according to the patient’s genetic make-up. Moreover, knowing how these alleles function may aid in creating more effective treatment plans for SLE and its associated complications such as LN. For the diagnosis, prevention, intervention and management of these disorders, it is also crucial to comprehend the etiology and progression of SLE and LN and to identify all the potential risk genes that might influence the pathogenesis of LN. Similar to several other autoimmune diseases, SLE remains a clinical mystery for physicians and patients, and for this reason, a multidisciplinary management approach is often needed for SLE patients, so in the future, widespread genome and clinical studies are suggested.
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Table 1. Frequencies of HLA-DRB1 alleles in SLE patients versus healthy controls in Jordanians.






Table 1. Frequencies of HLA-DRB1 alleles in SLE patients versus healthy controls in Jordanians.





	

	
Control

	
SLE

	




	
Allele

	
n= 148

	
(%)

	
n = 160

	
(%)

	
p Value

	
OR

	
95% CI






	
DRB1*0101

	
9

	
6.1

	
2

	
1.3

	
0.022

	
0.20

	
0.04–0.92




	
DRB1*0103

	
2

	
1.4

	
0

	
0

	
0.274

	
0.18

	
0.01–3.83




	
DRB1*0301

	
13

	
8.8

	
32

	
20.0

	
0.005

	
2.60

	
1.30–5.17




	
DRB1*0302

	
0

	
0

	
3

	
1.9

	
0.213

	
6.60

	
0.34–128.9




	
DRB1*0401

	
0

	
0

	
5

	
3.1

	
0.112

	
10.51

	
0.58–191.7




	
DRB1*0402

	
3

	
2.0

	
1

	
0.6

	
0.278

	
0.31

	
0.03–2.96




	
DRB1*0403

	
11

	
7.4

	
0

	
0

	
0.023

	
0.04

	
0.002–0.64




	
DRB1*0405

	
0

	
0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
DRB1*0701

	
26

	
17.6

	
11

	
6.9

	
0.004

	
0.35

	
0.17–0.73




	
DRB1*0801

	
3

	
2.0

	
0

	
0

	
0.178

	
0.13

	
0.01–2.53




	
DRB1*1001

	
8

	
5.4

	
13

	
8.1

	
0.344

	
1.55

	
0.62–3.85




	
DRB1*1101

	
20

	
13.5

	
36

	
22.5

	
0.041

	
1.86

	
1.02–3.39




	
DRB1*1102

	
8

	
5.4

	
21

	
13.1

	
0.020

	
2.64

	
1.13–6.17




	
DRB1*1103

	
0

	
0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
DRB1*1201

	
1

	
0.7

	
4

	
2.5

	
0.206

	
3.77

	
0.42–34.16




	
DRB1*1301

	
13

	
8.8

	
4

	
2.5

	
0.016

	
0.27

	
0.09–0.84




	
DRB1*1302

	
0

	
0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
DRB1*1303

	
7

	
4.7

	
2

	
1.3

	
0.070

	
0.26

	
0.05–1.25




	
DRB1*1401

	
8

	
5.4

	
0

	
0

	
0.042

	
0.05

	
0.003–0.90




	
DRB1*1402

	
0

	
0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
DRB1*1404

	
1

	
0.7

	
0

	
0

	
0.470

	
0.31

	
0.01–7.58




	
DRB1*1501

	
13

	
8.8

	
20

	
12.5

	
0.292

	
1.48

	
0.71–3.10




	
DRB1*1502

	
1

	
0.7

	
0

	
0

	
0.470

	
0.31

	
0.01–7.58




	
DRB1*1601

	
1

	
0.7

	
1

	
0.6

	
0.956

	
0.93

	
0.06–14.92








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level; (p value < 0.05).
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Table 2. Frequency of HLA-DQB1 alleles in SLE patients versus healthy controls in Jordanians.






Table 2. Frequency of HLA-DQB1 alleles in SLE patients versus healthy controls in Jordanians.





	

	
Control

	
SLE

	




	
Allele

	
n = 148

	
(%)

	
n = 160

	
(%)

	
p Value

	
OR

	
95% CI






	
DQB1*0201

	
33

	
22.3

	
35

	
21.9

	
0.929

	
0.98

	
0.57–1.67




	
DQB1*0202

	
2

	
1.4

	
0

	
0

	
0.274

	
0.18

	
0.01–3.83




	
DQB1*0301

	
38

	
25.7

	
55

	
34.4

	
0.097

	
1.52

	
0.93–2.48




	
DQB1*0302

	
17

	
11.5

	
18

	
11.3

	
0.948

	
0.98

	
0.48–1.98




	
DQB1*0303

	
3

	
2.0

	
2

	
1.3

	
0.590

	
0.61

	
0.10–3.71




	
DQB1*0401

	
0

	
0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
DQB1*0402

	
2

	
1.4

	
2

	
1.3

	
0.937

	
0.92

	
0.13–6.65




	
DQB1*0501

	
24

	
16.2

	
17

	
10.6

	
0.149

	
0.61

	
0.32–1.20




	
DQB1*0502

	
1

	
0.7

	
1

	
0.6

	
0.956

	
0.93

	
0.06–14.92




	
DQB1*0503

	
1

	
0.7

	
0

	
0

	
0.470

	
0.31

	
0.01–7.58




	
DQB1*0601

	
2

	
1.4

	
21

	
13.1

	
<0.001

	
11.03

	
2.54–47.91




	
DQB1*0602

	
15

	
10.1

	
7

	
4.4

	
0.050

	
0.41

	
0.16–1.03




	
DQB1*0603

	
10

	
6.8

	
0

	
0

	
0.028

	
0.04

	
0.002–0.71








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level (p value < 0.05).
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Table 3. The frequency of HLA-DRB1/DQB1 haplotypes among SLE and healthy controls in Jordanians.






Table 3. The frequency of HLA-DRB1/DQB1 haplotypes among SLE and healthy controls in Jordanians.





	

	
Controls

	
SLE

	




	
Haplotype

	
n = 148

	
(%)

	
n = 160

	
(%)

	
p Value

	
OR

	
95% CI






	
0101/0201

	
0

	
0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
0101/0301

	
2

	
1.4

	
0

	
0.0

	
0.274

	
0.18

	
0.01–3.83




	
0101/0501

	
7

	
4.7

	
0

	
0.0

	
0.053

	
0.06

	
0.003–1.04




	
0103/0301

	
2

	
1.4

	
0

	
0.0

	
0.274

	
0.18

	
0.01–3.83




	
0301/0201

	
11

	
7.4

	
24

	
15.0

	
0.037

	
2.20

	
1.04–4.66




	
0301/0301

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
0301/0302

	
0

	
0.0

	
4

	
2.5

	
0.151

	
8.54

	
0.46–159.9




	
0301/0303

	
1

	
0.7

	
1

	
0.6

	
0.956

	
0.93

	
0.06–14.92




	
0301/0501

	
1

	
0.7

	
1

	
0.6

	
0.956

	
0.93

	
0.06–14.92




	
0301/0602

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
0302/0402

	
0

	
0.0

	
3

	
1.9

	
0.213

	
6.60

	
0.34–128.9




	
0401/0301

	
0

	
0.0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
0401/0302

	
0

	
0.0

	
3

	
1.9

	
0.213

	
6.60

	
0.34–128.9




	
0402/0302

	
3

	
2.0

	
1

	
0.6

	
0.278

	
0.30

	
0.03–2.96




	
0403/0302

	
9

	
6.1

	
0

	
0.0

	
0.034

	
0.05

	
0.003–0.79




	
0403/0402

	
2

	
1.4

	
0

	
0.0

	
0.274

	
0.18

	
0.01–3.83




	
0405/0401

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
0701/0201

	
24

	
16.2

	
7

	
4.4

	
0.001

	
0.24

	
0.10–0.57




	
0701/0301

	
0

	
0.0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
0701/0303

	
2

	
1.4

	
1

	
0.6

	
0.517

	
0.46

	
0.04–5.12




	
0702/0201

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
0801/0301

	
3

	
2.0

	
0

	
0.0

	
0.178

	
0.13

	
0.01–2.53




	
1001/0201

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1001/0302

	
2

	
1.4

	
1

	
0.6

	
0.517

	
0.46

	
0.04–5.12




	
1001/0501

	
6

	
4.1

	
10

	
6.3

	
0.386

	
1.58

	
0.56–4.45




	
1001/0602

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1101/0301

	
18

	
12.2

	
26

	
16.3

	
0.306

	
1.40

	
0.73–2.68




	
1101/0302

	
1

	
0.7

	
5

	
3.1

	
0.120

	
4.74

	
0.55–41.07




	
1101/0501

	
0

	
0.0

	
4

	
2.5

	
0.151

	
8.54

	
0.46–159.9




	
1101/0602

	
1

	
0.7

	
0

	
0.0

	
0.470

	
0.31

	
0.01–7.58




	
1102/0301

	
7

	
4.7

	
17

	
10.6

	
0.054

	
2.40

	
0.96–5.95




	
1102/0302

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1102/0601

	
0

	
0.0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
1102/0602

	
1

	
0.7

	
2

	
1.3

	
0.608

	
1.86

	
0.17–20.74




	
1103/0201

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1201/0301

	
1

	
0.7

	
4

	
2.5

	
0.206

	
3.77

	
0.42–34.12




	
1301/0301

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1301/0302

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1301/0501

	
3

	
2.0

	
0

	
0.0

	
0.178

	
0.13

	
0.01–2.53




	
1301/0602

	
0

	
0.0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.39




	
1301/0603

	
10

	
6.8

	
0

	
0.0

	
0.028

	
0.04

	
0.002–0.71




	
1302/0302

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1303/0201

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1303/0301

	
5

	
3.4

	
0

	
0.0

	
0.090

	
0.08

	
0.01–1.48




	
1303/0302

	
2

	
1.4

	
1

	
0.6

	
0.517

	
0.46

	
0.04–5.12




	
1401/0501

	
5

	
3.4

	
0

	
0.0

	
0.090

	
0.08

	
0.01–1.48




	
1401/0602

	
3

	
2.0

	
0

	
0.0

	
0.178

	
0.13

	
0.01–2.53




	
1402/0301

	
0

	
0.0

	
2

	
1.3

	
0.320

	
4.69

	
0.22–98.38




	
1404/0503

	
1

	
0.7

	
0

	
0.0

	
0.470

	
0.31

	
0.01–7.58




	
1501/0201

	
0

	
0.0

	
1

	
0.6

	
0.530

	
2.79

	
0.11–69.10




	
1501/0501

	
1

	
0.7

	
0

	
0.0

	
0.470

	
0.31

	
0.01–7.58




	
1501/0601

	
2

	
1.4

	
19

	
11.9

	
<0.001

	
9.84

	
2.25–43.01




	
1501/0602

	
10

	
6.8

	
0

	
0.0

	
0.028

	
0.04

	
0.002–0.71




	
1502/0501

	
1

	
0.7

	
0

	
0.0

	
0.470

	
0.31

	
0.01–7.58




	
1601/0502

	
1

	
0.7

	
1

	
0.6

	
0.956

	
0.93

	
0.06–14.92








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level (p value < 0.05).
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Table 4. HLA-DRB1 allele frequencies of SLE with LN and healthy controls.






Table 4. HLA-DRB1 allele frequencies of SLE with LN and healthy controls.





	

	
Control

	
SLE with Nephritis

	




	
Allele

	
n = 148

	
(%)

	
n = 78

	
(%)

	
p Value

	
OR

	
95% CI






	
DRB1*0101

	
9

	
6.1

	
0

	
0

	
0.104

	
0.09

	
0.01–1.63




	
DRB1*0103

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
DRB1*0301

	
13

	
8.8

	
17

	
21.8

	
0.006

	
2.89

	
1.32–6.33




	
DRB1*0401

	
0

	
0

	
3

	
3.8

	
0.084

	
13.77

	
0.70–270




	
DRB1*0402

	
3

	
2.0

	
1

	
1.3

	
0.686

	
0.63

	
0.06-6.14




	
DRB1*0403

	
11

	
7.4

	
0

	
0

	
0.076

	
0.08

	
0.004–1.31




	
DRB1*0701

	
26

	
17.6

	
6

	
7.7

	
0.040

	
0.39

	
0.15–1.00




	
DRB1*0801

	
3

	
2.0

	
0

	
0

	
0.382

	
0.26

	
0.01–5.19




	
DRB1*1001

	
8

	
5.4

	
4

	
5.1

	
0.930

	
0.95

	
0.28–3.25




	
DRB1*1101

	
20

	
13.5

	
19

	
24.4

	
0.040

	
2.06

	
1.02–4.15




	
DRB1*1102

	
8

	
5.4

	
8

	
10.3

	
0.176

	
2.00

	
0.72–5.55




	
DRB1*1103

	
0

	
0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.8




	
DRB1*1201

	
1

	
0.7

	
2

	
2.6

	
0.238

	
3.87

	
0.35–43.35




	
DRB1*1301

	
13

	
8.8

	
1

	
1.3

	
0.026

	
0.14

	
0.02–1.05




	
DRB1*1302

	
0

	
0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.8




	
DRB1*1303

	
7

	
4.7

	
1

	
1.3

	
0.182

	
0.26

	
0.03–2.16




	
DRB1*1401

	
8

	
5.4

	
0

	
0

	
0.124

	
0.11

	
0.01–1.85




	
DRB1*1404

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
DRB1*1501

	
13

	
8.8

	
14

	
17.9

	
0.043

	
2.27

	
1.01–5.11




	
DRB1*1502

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
DRB1*1601

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level (p value < 0.05).
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Table 5. HLA-DQB1 allele frequencies in SLE with lupus nephritis (LN) and healthy controls.






Table 5. HLA-DQB1 allele frequencies in SLE with lupus nephritis (LN) and healthy controls.





	

	
Control

	
SLE with Nephritis

	




	
Allele

	
n = 148

	
(%)

	
n = 78

	
(%)

	
ρ Value

	
OR

	
95% CI






	
DQB1*0201

	
33

	
22.3

	
21

	
26.9

	
0.438

	
1.28

	
0.68–2.42




	
DQB1*0202

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
DQB1*0301

	
38

	
25.7

	
26

	
33.3

	
0.224

	
1.45

	
0.80–2.63




	
DQB1*0302

	
17

	
11.5

	
8

	
10.3

	
0.779

	
0.88

	
0.36–2.14




	
DQB1*0303

	
3

	
2.0

	
1

	
1.3

	
0.686

	
0.63

	
0.06–6.14




	
DQB1*0402

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
DQB1*0501

	
24

	
16.2

	
6

	
7.7

	
0.073

	
0.43

	
0.17–1.10




	
DQB1*0502

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
DQB1*0503

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
DQB1*0601

	
2

	
1.4

	
16

	
20.5

	
<0.001

	
18.84

	
4.21–84.40




	
DQB1*0602

	
15

	
10.1

	
0

	
0

	
0.044

	
0.06

	
0.003–0.93




	
DQB1*0603

	
10

	
6.8

	
0

	
0

	
0.089

	
0.08

	
0.005–1.45








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level (p value < 0.05).
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Table 6. The frequency of DRB1*/DQB1* haplotypes among controls and Lupus Nephritis groups in the Jordanian population.
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Controls

	
SLE with Nephritis

	
-




	
Haplotype

	
n = 148

	
(%)

	
n =78

	
(%)

	
p Value

	
OR

	
95% CI






	
0101/0301

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
0101/0501

	
7

	
4.7

	
0

	
0

	
0.149

	
0.12

	
0.01–2.13




	
0103/0301

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
0301/0201

	
11

	
7.4

	
13

	
16.7

	
0.032

	
2.50

	
1.06–5.86




	
0301/0301

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
0301/0302

	
0

	
0.0

	
2

	
2.6

	
0.144

	
9.71

	
0.46–204.7




	
0301/0303

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
0301/0501

	
1

	
0.7

	
1

	
1.3

	
0.644

	
1.91

	
0.12–30.94




	
0401/0301

	
0

	
0.0

	
2

	
2.6

	
0.144

	
9.71

	
0.46–204.7




	
0401/0302

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
0402/0302

	
3

	
2

	
1

	
1.3

	
0.686

	
0.63

	
0.06–6.14




	
0403/0302

	
9

	
6.1

	
0

	
0

	
0.104

	
0.09

	
0.01–1.63




	
0403/0402

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
0701/0201

	
24

	
16.2

	
4

	
5.1

	
0.016

	
0.28

	
0.09–0.84




	
0701/0303

	
2

	
1.4

	
1

	
1.3

	
0.965

	
0.95

	
0.09–10.62




	
0702/0201

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
0801/0301

	
3

	
2.0

	
0

	
0

	
0.382

	
0.26

	
0.01–5.19




	
1001/0201

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
1001/0302

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
1001/0501

	
6

	
4.1

	
3

	
3.8

	
0.939

	
0.95

	
0.23–3.90




	
1101/0301

	
18

	
12.2

	
14

	
17.9

	
0.236

	
1.60

	
0.74–3.38




	
1101/0302

	
1

	
0.7

	
2

	
2.6

	
0.238

	
3.87

	
0.35–43.35




	
1101/0501

	
0

	
0.0

	
2

	
2.6

	
0.144

	
9.71

	
0.46–204.7




	
1101/0602

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
1102/0301

	
7

	
4.7

	
6

	
7.7

	
0.363

	
1.68

	
0.54–5.18




	
1102/0302

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
1102/0602

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
1103/0201

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
1201/0301

	
1

	
0.7

	
2

	
2.6

	
0.238

	
3.87

	
0.35–43.35




	
1301/0501

	
3

	
2.0

	
0

	
0

	
0.382

	
0.26

	
0.01–5.19




	
1301/0603

	
10

	
6.8

	
0

	
0

	
0.089

	
0.08

	
0.01–1.45




	
1303/0301

	
5

	
3.4

	
0

	
0

	
0.227

	
0.17

	
0.01–3.05




	
1302/0302

	
0

	
0.0

	
1

	
1.3

	
0.286

	
5.75

	
0.23–142.80




	
1303/0302

	
2

	
1.4

	
0

	
0

	
0.526

	
0.37

	
0.02–7.87




	
1401/0501

	
5

	
3.4

	
0

	
0

	
0.227

	
0.17

	
0.01–3.05




	
1401/0602

	
3

	
2.0

	
0

	
0

	
0.382

	
0.26

	
0.01–5.19




	
1404/0503

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
1501/0501

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
1501/0601

	
2

	
1.4

	
14

	
17.9

	
<0.001

	
15.97

	
3.53–72.32




	
1501/0602

	
10

	
6.8

	
0

	
0

	
0.089

	
0.08

	
0.01–1.45




	
1502/0501

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56




	
1601/0502

	
1

	
0.7

	
0

	
0

	
0.775

	
0.63

	
0.03–15.56








SLE: Systemic Lupus Erythematosus; n: number of individuals; (%): allele frequency; OR: odds ratio; CI: confidence interval; p: significance level (p value < 0.05).
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