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Abstract

This study investigated distribution of HLA alleles (HLADRB1*01, *03, *04,
*07, HLA-DQB1*0201, *0301/4) in 34 healthy controls and 57 rheumatoid
arthritis (RA) patients in a Bangladeshi population and correlated the geno-
typic frequencies with clinical parameters. Frequency distribution of HLA-
DRB1%04 (34%) and HLA-DRB1*01 (32%) were the highest followed by HLA-
DQB1*0301/4 (29%) and HLA-DQB1*0201 (26%) in RA patients while HLA-
DRB1*03 (12%) had lowest frequency. Plasma level of anti-CCP and rheu-
matoid factor antibodies confirmed diagnosis of RA patients that varied sig-
nificantly between patients and healthy controls. Likewise, plasma levels of
C-reactive protein, triglycerides, cholesterol, HDL-cholesterol and activities
of AST and ALT exhibited significant variation between the two groups. In
contrast, the levels of glucose, total protein, uric acid, LDL-cholesterol and
plasma activity of ALP in RA patients had no significant deviations from
healthy controls. Relationship between HLA genotype frequency and clinical
parameters revealed that the mean levels of anti-CCP and rheumatoid factor
antibodies were highest in the patients harboring HLA-DRB1*04 allele. These
findings underpin the correlation between HLA genotype with clinical mark-
ers of RA which are indicative of disease severity. The positive correlation of
these markers with certain HLA genes may be used to identify susceptible in-
dividuals who are likely to have RA in Bangladeshi population.
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1. Introduction

Rheumatoid arthritis (RA) is characterized by chronic inflammation caused by
autoimmune disease attacking joints that leads to pain, swelling, stiffness and
eventual destruction of joints. RA is thought to be influenced by both genetic
predisposition and environmental factors. Based on numerous studies focusing
on the molecular basis and genetic predisposition to uncover the risk-factors of
RA, it has been well surmised that high-risk genetic context combined with epi-
genetic and environmental factors leads to the manifestation of the RA symp-
toms [1] [2] [3] [4] [5]. Three factors—genetic-make up, environment and au-
toimmunity that contributes to the onset and progression of RA, have been
termed as the “Bermuda triangle” [1]. In recent years with the advent of new
technologies, our understanding of the aberrant immune functions leading to
infiltration and inflammation of the synovium has advanced significantly. The
exact triggers and their timing that causes the onset of RA remain elusive. The
heritable contribution in the form of genetic predisposition in the pathogenesis
of RA has been estimated to be about 60% that including human leukocyte anti-
gens (HLA-DR) and non-HLA genes [2] [3]. It was hypothesized that the genetic
factor when combined with certain environmental exposure and lifestyle-related
factors such as smoking may trigger the onset of RA by inducing the production
of anti-cyclic citrullinated peptide antibody (ACCP) [4].

Despite numerous attempts to uncover the comprehensive genetic basis of
RA, only HLA-DRBI allele was found to be linked with risk of RA beyond any
reasonable doubt [5]. Different allelic variations of HLA-DRBI1 gene have been
linked with RA risk and onset, suggesting a possible role of interaction between
T-cell receptor (TCR) and HLA-antigen in the underlying pathological process
of RA [6]. In an attempt to uncover the underlying mechanism of certain HLA
association with RA, Gregerson et al. proposed a hypothesis called “Shared Epi-
tope (SE)” for the association of different HLA-DRB1 alleles with RA. The study
showed an RA associated HLA-DRBI allele encodes a five amino acid long con-
served sequence (QRRAA, RRRAA or QKRAA) that resides within the third
hyper variable region (HVR3) of the DRb1 chain. These residues form a part of
the helical domain of the antigen-binding site and thus are likely to directly af-
fect the antigen presentation process. The HLA alleles that are shown to encode
this conserved amino acid sequence include: DRB1*0401, *0404, *0405, *0408,
*0101, *0102, *1402, *09 and *1001 [5]. In different population groups representing
different ethnicity the frequency of the HLA alleles that are associated with RA
vary significantly [5]. For instance, DRB1¥0401 and *0404 alleles are frequently
associated with RA in Caucasians whereas DRB1*0405 and DRB1*0101 alleles
are found to be highly associated with RA in Japanese and in Israeli Jews respec-
tively [5]. However, no such studies have been conducted to untangle the HLA
genotyping associated with RA in Bangladesh.

It is apparent that in order to minimize disease progression, early diagnosis is

of utmost importance to better manage the RA patients. Unfortunately, the early
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diagnosis of RA is still challenging. Since autoantibodies are directly linked with
the onset of autoimmune disease, rheumatoid factor (RF)—an autoantibody that
targets the Fc portion of IgG, has been one of the most important markers for
the RA diagnosis. However, the non-specificity RF has been a major challenge as
RF levels can also be elevated in patients that are suffering from other diseases
e.g., Sjogren’s syndrome and type 2 cryoglobulinaemia [6], infection (such as
HCV infection) [8] and in elderly persons [7]. Due to limited specificity of RF,
around 60% - 70% of RA patients are diagnosed as RF positives. Only 11 - 20%
of RF positive patients suffering from masculoskeletal problems have RA. For
these reasons RF factor is considered as a good indicator of disease severity ra-
ther than diagnostic value [7]. Another serological marker for RA is anti-cyclic
citrullinated peptide (anti-CCP) antibodies that are reactive to the citrulline
amino acid and are observed to be elevated in the sera of patients with RA [9]. In
contrast to RF, anti-CCP antibody is observed to have increased specificity when
it comes to RA diagnosis and has emerged as an alternative maker for RA [10].
Although RF may have lower specificity in RA diagnosis, this particular serolog-
ical marker has a great value as a predictor of RA severity and thus is considered
as prognostic marker for RA [11]. Elevated levels of RF are found to be asso-
ciated with risk of developing RA [12]. RA patients with elevated RF levels are
prone to develop a more aggressive form of the disease. Rheumatoid nodules are
commonly observed as a manifestation of the elevated RF in the serum of RA
patients [13].

The evidence of HLA association with the risk of developing RA, prompted
the question whether HLA polymorphisms have a role in the inflammatory reac-
tion and thus can be used as a risk predictor for the aggressiveness of rheumato-
id synovitis. Studies based on retrospective analysis showed that HLA genotyp-
ing is indeed associated with aggressiveness of rheumatoid synovitis [6] [14].
Alleles such as HLA-DR B1*01 are found to be enriched in RA patients charac-
terized by RF-negative representing a variant of RA known to slowly progress
compared to RF positive variant of RA. In contrast HLA-DRB1*0401 allele was
found to be frequently associated with RA positive variant of RA that is consi-
dered as a more aggressive form of the disease [14]. These studies have opened a
new window of opportunity to evaluate the risk of developing the aggressive
form of RA simply by analyzing the HLA genotypes. Other studies, evaluating
the utility of HLA genotyping to predict the progression of RA in prospective
manner, claimed that HLA-DRB1*04 positive RA patients are susceptible to de-
velop inflammatory activities in the joints at the early stage of the disease that
causes subsequent destruction of joints [15]. Although HLA-genotyping holds
much promise as a prognostic marker, the precise value of HLA genotyping to
predict disease progression is still not clear. In addition, the association of HLA
genotyping and the levels of disease progression marker—RF have not been stu-
died previously.

The current study was specifically designed to evaluate the association between

HLA genotyping and RA propensity in Bangladeshi population. Moreover, in
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this study we sought to uncover the possible link between enrichment of certain
HLA DRBI1 alleles in the RA patients with elevated levels of clinical parameters
such as RF and anti-CCP antibody. In summary the current study has the poten-
tial to shed light into the plausible association between HLA genotyping with RA
progression by stratifying the patients based on their HLA-allele frequency and
clinical parameters—RF and anti-CCP antibodies.

2. Methods and Materials

2.1. Study Design, Enrollment of Study Participants
and Sample Collection

A schematic diagram representing the workflow of the study is shown in Figure 1.
The cohort was established by including 57 suspected rheumatoid arthritis (RA)
patients and 34 healthy (control) subjects. Samples were collected from the Pop-
ular Diagnostic Center, Dhanmondi Branch, Dhaka, Bangladesh by taking con-
sent from the participants. Healthy controls were university students, teachers
and office staffs. This study was approved by the ethical review committee for
clinical research with human samples of the department of Biochemistry and
Molecular Biology, University of Dhaka, Bangladesh. The inclusion criteria of
the possible RA patients were based on clinical presentations of the patients.
Anthropometric data including sex, age, height and weight for each of the study
participants were recorded in a structured questionnaire. Blood samples were
collected from each of healthy control subjects and patients with RA. Collected
blood samples were centrifuged at 2000 rpm for 10 minutes and plasma samples
were stored in —80° if not immediately used for further analysis. Cellular fractions

of blood samples were re-suspended with equal volume of sterilized normal saline

Establishment of the study
cohort based on inclusion
criteria

O

Measurement: DNA extracti
Glucose, Total Blood sample collection and A extraction
protein, ALT, AST, <: preparart)ion of plasma E> using organic
CRP and Lipid . method
profile (]
; & '
Determination of Determination of Polymerase
IAnti-CCP Antibody RA factor chain
reaction

O

L Y

RA group (n = 58): HLA-Genotyping
Control group 25 U/mL anti-CCP
(n=34) RF Ab = 10 IU/mL

Figure 1. Workflow of the study design, cohort establishment, sample collection, bio-
chemical analyses and HLA-genotyping.
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(0.9% of NaCl) and stored at —80°C until extraction of genomic DNA.

2.2. Determination of the Level of Anti-Cyclic Citrullinated
Peptide and Rheumatoid Factor Antibodies

Anti-cyclic citrullinated peptide (anti-CCP) and RF levels were measured using
routine clinical procedures. Briefly, the measurements were carried out by uti-
lizing the immunoassays for the semi-quantitative determination of the IgG class
of auto-antibodies specific to cyclic citrullinated peptide (CCP) and RF mediated
agglutination in plasma samples using ABBOTT reagent kit.

2.3. Measurement of Biochemical Parameters

Plasma levels of c-reactive protein (CRP), total protein, uric acid, cholesterol,
triglyceride (TG), high density lipoprotein (HDL)-cholesterol, low density lipo-
protein (LDL)-cholesterol, glucose, alanine aminotransferase (ALT), aspartate
amino transferase (AST), alkaline phosphatase (ALP) were measured in the plas-

ma samples by the standard clinical procedures.

2.4. HLA-Genotyping by Polymerase Chain Reaction

White blood cells of blood samples were used to extract genomic DNA by or-
ganic extraction procedure as described by Afruza et al. [16]. All DNA samples
were subjected to genotyping for HLA-DRB1 and HLA-DQB1 using PCR-SSP
(Polymerase chain reaction with sequence specific primer). A conserved se-
quence of human growth hormone (HGH) was amplified in reaction as an internal
control primer (forward and reverse primer sequences are 5-GCCTTCCCA
ACCATTCCCTTA-3 and 5-TCACGGATTTCTGTTGTGTTTC-3’). Another
conserved sequence of beta-globin was amplified in reaction as another internal
control primer; forward and reverse primer sequence are 5-CAACTTCATCCA
CGTTCACC-3’ and 5-GAAGAGCCAAGGACAGTTAC-3". Specific primer se-
quences and PCR conditions for determining the frequencies of different HLA
alleles are in Table 1.

2.5. Statistical Analyses

Demographic data obtained from the structured questionnaire and clinical pa-
rameters were analysed using SPSS v21.0 (IBM) in which the results were ex-
pressed as mean = SD for continuous variables and % for categorical variables.
To compare the differences between different variables from the control and pa-
tients, Student’s independent t-test was performed using Statistical Package for
Social Sciences (SPSS, v21).

3. Results
3.1. Identification of HLA Alleles Using Gel Electrophoresis

Amplified PCR products representing the distinct HLA alleles were identified

according to the band size by gel electrophoresis. For instance, the presence of
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Table 1. Primer sequence and conditions for performing polymerase chain reaction.

Gene Primer sequence PCR condition Product size (bp)
HLA-DRB1*01 FP:5TTGTGGCAGCTTAAGTTTGAAT3’ 94°C-5m 255
RP:5CTGCACTGTGAACGTGTCAC3’ (94°C-30551°C-50 5 72°C-45 s) x 30
72°C-5m
HLA-DRB1*03 FR:5TACTTCCATAACCAGGAGGAGA3’ 95°C-2m 151
RP:5TGCAGTACTTGTCCACCCG3’ (95°C-30553°C-30'5 72°C-25 s) x 30
72°C-5m
HLA-DRB1*04 FR:5’GTTTCTTGGAGCAGGTTAAACAY 95°C-3m 260
RP:5CTGCACTGTGAAGCTCTCAC3 (95°C-30 5 53°C-30'5 72°C-40 s) x 30
72°C-5m
HLA-DRB1*07 FR: ’CCTGTGGCAGGGTAAGTATA3 95°C-2 m 232
RP:5’CCCGTAGTTGTGTCTGCACAC3’ (95°C-30 s 53°C-30 s 72°C-25 s) x 30
72°C-5m
HLA-DQB1*0201 FR:5’GTGCGTCTTGTGAGCAGAAG3’ 95°C-2 m 205
RP:5GCAAGGTCGTGCGGAGCT3’ (95°C-30 s 53°C-30 s 72°C-25 s) x 30
72°C-5m
HLA-DQB1*0301/4 FR:5>GACGGAGCGCGTGCGTTA3 95°C-3m 122
RP:5’AGTACTCGGCGTCAGGCG3 (95°C-30 s 58°C-30 s 72°C-25 s) x 30
72°C-5m

260 bp band indicated that respective individuals were HLA-DRB1%04 positive
(Figure 2(a)). Among the 57 RA patients, 20 individuals (34%) were found to
be HLA-DRB1*04 positive whereas only 6 out of 34 healthy controls (17%)
were identified to harbor HLA-DRB1*04 allele. To investigate the frequency of
other HLA alleles among the RA patients the distribution of HLA-DRB1*03,
HLA-DRB1*01, HLA-DRB1*07, HLA-DQB1*0201 and HLA-DQB1*0301/4 al-
leles were further analyzed. PCR products were analyzed for the presence of
HLA-DRB1*03 (Figure 2(b)), HLA-DRB1*01 (Figure 2(c)), HLA-DRBI1*07
(Figure 2(d)), HLA-DQB1*0201 (Figure 2(e)) and HLA-DQB1*0301/4 (Figure
2(f)) alleles among the RA patients.

3.2. Levels of Anti-Cyclic Citrullinated Peptide and Rheumatoid
Factor Antibodies in the Plasma of Study Participants

In order to confirm rheumatoid arthritis, the levels of anti-cyclic citrullinated
peptide (anti-CCP) antibody and rheumatoid factor antibody were measured in
the plasma of each participant. Higher levels of these antibodies confirmed the
diagnosis of rheumatoid arthritis (RA) in patients. All 57 individuals were diag-
nosed with rheumatoid arthritis as evident by their elevated level of anti-CCP
antibody in the plasma (92.16 = 10.89 U/mL). These 57 individuals—diagnosed
as patients with RA also showed higher mean plasma level of rheumatoid factor
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Figure 2. Agarose gel electrophoresis showing amplicons of HL-DRB and HLA-DQB genes. (a) Agarose gel electrophoresis
showing the presence of HLA-DRB1*04 gene. The presence of 260 bp bands at lanes 1, 5, 6 and 15 indicated that respective indi-
viduals were HLA-DRB1*04 positive. Amplicon with band size 429 bp was for human growth hormone which was used as internal
positive control. (b) Agarose gel electrophoresis showing the presence of HLA-DRB1*03 gene. The presence of amplicon with a
band size 151 bp indicated HLA-DRB1*03 positive individual. f-globin gene with a band size of 268 bp was used as an internal
control. A 100 bp ladder was used as marker DNA. (c) Agarose gel electrophoresis showing the presence of HLA-DRB1*01 gene.
The presence of each allele was determined by their corresponding band size. The band size was 255 bp. The bands at lanes 6 and
7 indicate the presence of HLA-DRB1*01 in respective individuals. Amplicon with band size 429 bp was for human growth hor-
mone which was used as internal positive control to document successful PCR amplification. (d) Agarose gel electrophoresis
showing the presence of HLA-DQB1*0201 gene. Lanes 2, 6, 11 and 13 represent positive amplicons for HLA-DQB1*0201 with
band size 205 bp. B-globin gene with a band size of 268 bp was used as an internal control. A 100 bp ladder was used as marker
DNA. The bands at the bottom of the gel represent the primer dimer. (e) Agarose gel electrophoresis showing the presence of
HLA-DRB1%*07 gene. Lanes 3 and 13 represent positive amplicons for HLA-DRB1*07 with band size 232 bp B-globin gene with a
band size of 268 bp was used as an internal control. A 100 bp ladder was used as marker DNA. (f) Agarose gel electrophoresis
showing the presence of HLA-DQB1*0301/4 gene. Lanes 1, 5, 7 and 12 represent positive amplicons for HLA-DQB1*0301/4 with
band size 122 bp. B-globin gene with a band size of 268 bp was used as an internal control. A 100 bp ladder was used as marker
DNA. The bands at the bottom of the gel represent the primer dimer.

(RF) (104.6 + 22.29 U/mL). The patients suffering from rheumatoid arthritis ex-
hibited significantly higher anti-CCP antibody and RF level (=10 IU/mL) com-
pared to normal individual (Figure 3(a) and Figure 3(b)). The mean of age of
the control and the RA groups were 23.5 + 11.0 and 50.67 + 14.29, respectively.
The anthropometric and demographic data of the healthy individuals as well as

the potential RA patients are given in Table 2.
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Figure 3. Plasma levels of anti-citrullinated peptide (anti-CCP) and rheumatoid factor
(RF) antibody. (a) The level of anti-citrullinated peptide (anti-CCP) antibody (Ab) was
measured by standard ELISA method and (b) The level of RF Ab was measured from the
plasma samples of control and RA subjects. The mean levels of anti-CCP Ab (I/mL) and
RF-Ab (IU/mL) of control (orange) and RA patients (blue) are indicated by Bars. The er-
ror bars represent the standard deviation (SD). P-values indicate the significance differ-
ence of anti-CCP Ab and RF-AD levels between control and RA subjects.

Table 2. Demographic and anthropometric measurements of study participants.

Healthy individual anthrometric and demographic data

Parameters Control subjects (n = 34)
Gender Male (n =18) Female (n = 16)

Age (years) 23.5+11.0 257+55

Height (cm) 165.1 +4.3 153.6 +9.1

Weight (kg) 63.2 8.5 54.0 £10.4

BMI (kg/m?) 23.2+2.7 18.7 + 4.6
Systolic blood pressure 116.4 +4.85 1144 +£5.8
Diastolic blood pressure 76.5+3.2 77.8 4.7

RA patients anthrometric and demographic data

Parameter Patients (n = 57)
Gender Male (n = 30) Female (n = 27)

Age (years) 50.67 + 14.29 42.38 £11.40

Height (cm) 158+ 5 149.36 £ 7.3

Weight (kg) 60.8 + 6.5 480+75

BMI (kg/m?) 202+ 1.7 177 +33
Systolic blood pressure 1184 +34 1104 +6.2
Diastolic blood pressure 745+ 42 73.8+£3.7

3.3. Uric Acid, CRP, Glucose and Total Protein Levels
in the Plasma of Study Participants

The mean levels of plasma uric acid of healthy subjects and RA patients were
6.158 *+ 1.213 and 6.293 + 0.9163 (mg/dL) respectively whereas, the mean plasma
glucose levels of healthy subjects and RA patients were 105.9 + 4.82 and 90.10 +
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4.17 (mg/dL), respectively. Statistical analyses using unpaired t-test revealed that
the levels of uric acid and glucose levels in the healthy individuals did not de-
viate significantly from that of RA patients.

On the contrary the mean plasma CRP level (3.69 + 0.59 mg/dL for healthy
control and 9.92 + 1.26 mg/dL for RA patients) and plasma total protein level (7.99
* 0.26 mg/dL for healthy control and 6.80 + 0.14 mg/dL for RA patients) va-
ried significantly between control group and RA patients as revealed by t-test.
The data for biochemical parameters among the study participants are given in
Table 3.

3.4. Lipid Profile Analysis of the Study Participants

The mean triglyceride (TG) levels in the plasma of healthy controls and RA pa-
tients were 112.2 + 8.82 and 234.4 + 16.54 mg/dL, respectively. Their mean
plasma cholesterol levels were 116.4 + 6.98 and 219.7 + 11.30 mg/dL, respective-
ly. In both cases significant variation was observed between healthy subjects and
RA patients. To further evaluate the lipid profile, HDL- and LDL-cholesterol le-
vels were measured. The mean plasma HDL cholesterol in RA patients (36.45 +
6.5 mg/dL) was significantly lower compared to that of healthy controls (42.58 +
9.3 mg/dL). Unlike HDL-cholesterol, determination of LDL-cholesterol level did
not exhibit any significant difference between healthy controls (125.69 + 11.6
mg/dL) and RA patients (132.5 + 5.8 mg/dL). Data have been presented in Table 4.

3.5. Activities of Aspartate Aminotransferase, Alanine
Aminotransferase and Alkaline Phosphatase in the Plasma
of the Healthy Controls and RA Patients

The activity of AST for the healthy individuals and RA patients showed signifi-

cant deviation upon statistical analysis. The mean value for controls was 6.50 +

Table 3. Levels of uric acid, CRP, glucose and total protein in the plasma of study participants.

Study subiects Uric acid CRP Glucose Total protein
¥ sub (mg/dL) (mg/dL) (mg/dL) (mg/dL)

Healthy controls (n = 34) 6.158 +£1.213 3.692 £ 0.5816  105.9 +4.82 7.99 +£0.26

RA patients (n = 58) 6.293 £ 0.9163 9.923 +1.258 90.10 + 4.17 6.804 +0.14

Statistics between control
R P =0.9302 P =0.0001 P=0.186 P =0.06
and patient group

Table 4. Aspartate/Alanine aminotransferase and Alkaline phosphatase activities in the
plasma of the healthy controls and RA patients.

. Triglyceride level Cholesterol level HDL level LDLlevel
Study subjects

(mg/dL) (mg/dL) (mg/dL) (mg/dL)
Healthy controls (n = 34) 112.2 £ 8.82 161.4 £ 6.98 4258 £9.3 125.69 £ 11.6
RA patients (n = 58) 234.4 £16.54 219.7 £11.3 36.45+£6.5 132.5+£5.8
Statistics between control
R P =0.0001 P =0.0004 P =0.035 P=0.07
and patient group
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0.98 U/L, while for RA patents this value was 14.16 + 0.86 U/L, which varied sig-
nificantly (p < 0.001; Figure 4(a)). The mean level of ALT in the plasma of
healthy controls was 6.809 + 0.98 U/L, and for patients, the value was 10.46 *
0.8397 U/L. Statistical analyses revealed a significantly increased ALT level in the
RA patients in comparison to that of healthy individuals (Figure 4(b)).

In addition, measurement of Alkaline phosphatase (ALP) levels for controls
and RA patients revealed the mean ALP levels for control and RA patients were
86.72 + 6.56 and 33.67 + 2.53 U/L, respectively. Interestingly unlike ALT and AST,
the ALP levels exhibited the opposite trend as it was observed to be significantly
lower in the RA patients compared to the healthy individuals (Figure 4(c)).

3.6. Genotypic Distribution of HLA-DRB1*01, HLA-DRB1*03,
HLA-DRB1*04, HLA-DRB1*07, HLA-DQB1*0201 and
HLA-DQB1*0301/4 among the Study Subjects

To investigate the association of HLA-alleles with RA phenotype, it is important

(a) AST (b) ALT
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Figure 4. Aspartate/Alanine-aminotransferase and Alkaline phosphatase levels in the
plasma of the healthy controls and samples. (a) The levels of Aspartate amino transferase
(AST), (b) alanine amino transferase (ALT) and (c) alkaline phosphatase (ALP) were
measured from the plasma samples of controls and RA subjects by standard biochemical
methods. The mean AST, ALT and ALP levels (U/L) of control (orange) and RA patients
(blue) are indicated by Bars. The error bars represent the standard deviation (SD). P-value
indicates the significance difference of AST, ALT and ALP levels between control and RA
subjects.
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to identify the HLA-alleles with higher frequency of occurrence within the pop-
ulation under investigation. In order to identify the HLA-allele frequency, we
systematically mined the Allele Frequency Net Database

(http://www.allelefrequencies.net/default.asp) with a special emphasis on South-
East Asian population. Analysis revealed that HLADRB1*04 allele has the rela-
tively higher frequency (13%) in South-East Asian population. Based on the
frequency analysis we selected six different HLA alleles—HLA-DRB1*01, HLA-
DRB1*03, HLA-DRB1*04, HLA-DRB1*07, HLA-DQB1*0201 and
HLA-DQB1*0301/4. Figure 5(a) shows the frequency (%) of occurrence of the re-
spective HLA-genotype among healthy controls and RA subjects. Among the ana-
lyzed alleles, the highest number of RA patients (n = 20) (34%) were positive for
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Figure 5. HLA-allele frequencies in RA patients and world-wide population. (a) Allele
frequency for HLA-DRB1*01, HLA-DRB1*03, HLA-DRB1*04, HLA-DRB1*07, HLA-
DQB1*0201 and HLA-DQB1%*0301/4 in control and RA subjects are shown as bar dia-
gram. Allele frequency was calculated as % of alleles found positive in particular group
(control or RA). (b) Allele frequency of HLA-DRB1*04 in world-wide population is
shown. Allele frequency is represented by the % of occurrence of HLA-DRB1*04 in the
population of a particular geographic location.
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HLA-DRB1%04 allele followed by HLA-DRB1*01 (32%) and HLA-DQB1*0301/4
(29%). For both HLA-DRB1*07 and HLA-DQB1*0201 fifteen RA patients (26%)
were found be positive in each case. The lowest distribution frequency was evi-
dent for HLA-DRB1%03 as only seven individuals were found to be positive out
of 57 RA patients. Since HLA-DRB1%04 allele demonstrated the highest fre-
quency in the RA subjects we sought to investigate its frequency in world-wide
population. Mining and analysis of allele frequency data for HLA-DRB1*04
showed an interesting phenomenon. Highest frequency for this HLA allele was
observed for United States (Figure 5(b)).

3.7. Distribution of Anti Cyclic Citrullinated Peptide and
Rheumatoid Factor Antibodies among the Study Subjects

Subsequently we sought to identify the correlation between patient-specific HLA-
allele occurrence and clinical parameters such as serum anti-CCP and RF antibody
levels. Result revealed a nearly uniform distribution of anti-CCP antibody among
RA patients with different HLA-genotype (HLA-DRB1*01, HLA-DRB1¥03, HLA-
DRB1*04, HLA-DRB1*07, HLA-DQB1*0201 and HLA-DQB1*0301/4) (Figure
6(a)). The highest levels of anti-CCP antibody was observed for the RA patients
with HLA-DRB1*04 allele. Intriguingly, in case of levels of RF antibody a diverse
distribution pattern across RA patients having different HLA alleles emerged
(Figure 6(b)). For instance, the mean level of rheumatoid factor antibody (U/mL)
was found to be significantly higher in the RA patients having HLA-DRB1*04
allele compared to RA patients with other HLA alleles (HLA-DRB1*01, HLA-
DQB1*0301/4, HLA-DRB1*07 and HLA-DQB1*0201). We performed student’s
t-test to estimate the level of significance of anti-CCP (Figure 6(a)) and RF
(Figure 6(b)) between control and RA patients pre-grouped by their HLA geno-
types. The results showed that for all tested HLA alleles the levels of anti-CCP
(Figure 6(a)) and RF (Figure 6(b)) varies significantly between control and RA
patients where RA patients with different HLA genotypes exhibited significantly
higher anti-CCP and RF levels compared to the control subjects. Additionally,
we performed student’s t test to identify whether the anti-CCP and RF levels
were significantly different among RA patients with different HLA genotypes.
Since RA patients with HLA DRB1*04 exhibited the highest levels of anti-CCP
and RF levels compared to the RA patients with other HLA genotype, t-tests
were performed in a pair wise manner, where the anti-CCP (Figure 6(a)) and
RF (Figure 6(b)) levels were compared between HLA DRB1*04 and rest of HLA
alleles. The results showed that, the level of Anti-CCP and RF were significantly
higher in RA patients with HLA DRB1*04 compared to those having different
HLA genotypes. These findings underscore a potential association between HLA
genotype with clinical markers of RA such as RF which can be regarded as indi-
cators of severity of the diseases. Interestingly, for the healthy controls the RF
levels remained constant across all individual harboring different HLA alleles in-
cluding HLA-DRB1*04.
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Figure 6. Levels of anti-cyclic citrullinated peptide (anti-CCP) and rheumatoid factor
(RF) antibodies in RA patients measured among different HLA alleles. (a) Distribution of
the level of plasma anti-CCP antibody among different genotypes of healthy controls and
patients with rheumatoid arthritis. (b) Distribution of the level of plasma RF antibody
among different genotypes of healthy controls and patients with rheumatoid arthritis.
Student t-tests were carried out to estimate the level of significance. P-values are indicated

by star signs, where *** indicates p-value of less than 0.001, whereas ** indicates p-value
of less than 0.05.

The preferential occurrence of HLA-DRB1*04 allele in the RA patients with
high RF value may indicate susceptibility of the individuals possessing this partic-
ular allele to have higher RF levels if they are diagnosed with RA in Bangladeshi
population.

4. Discussion

The current study investigated HLA-allele distribution in 57 rheumatoid arthri-
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tis patients and 34 healthy control subjects with reference to Bangladeshi popu-
lation under the assumption that HLA-allele frequency analysis may reveal the
genetic predisposition indicating the propensity of rheumatoid arthritis. Various
clinical parameters of RA such as Anti-CCP and RF were measured to confirm
the diseases as well as to estimate the severity of the RA. The striking association
between a specific HLA alleles—HLA-DRB1*04 with high levels of RF unders-
cored the importance of HLA-genotyping as a predictor of genetic predisposi-
tion for the severity of the RA. A plethora of studies have shown a possible lin-
kage between the presence of certain HLA alleles and the occurrence of this au-
toimmune disease [5] [17] [18] [19]. In light of these findings we propose the
association of HLA-DRB1*04 allele with the elevated RF levels in the patients
with rheumatoid arthritis. The current study includes, apart from the clinical
parameters of RA, such as Anti-CCP and RF, various patients’ related anthro-
pometric factors such as age, sex, systolic and diastolic blood pressure, to estab-
lish a connection of HLA-allele predisposition and clinical metadata.

The association of various biochemical parameters, e.g. uric acid, C-reactive
protein (CRP), glucose and total protein levels, with RA has been reported. For
example patients with progressive RA are considered to be at risk of having high
serum uric acid [20], CRP levels [21] and abnormal glucose metabolism [22]. In
line with these findings we also observed high CRP levels in RA patients. CRP is
an effective marker of systemic inflammation and considered as the potent bio-
marker for the onset of cardiovascular disease associated with RA [23]. However,
no significant elevation for serum uric acid, glucose and total protein levels was
observed in RA patients in comparison with normal subjects. The measurement
of lipid profiles of the study subjects revealed a positive correlation of dyslipi-
demia and RA since, the RA patients exhibited significantly higher levels of TG,
total cholesterol and lower levels of HDL compared to the healthy counterparts.
Previously it was reported that RA patients have a higher risk of developing
pre-mature cardiovascular disease as evident by their lower HDL cholesterol le-
vels [24]. Another study conducted by Alizade et al. demonstrated the associa-
tion of RF levels with the extent and severity of coronary artery disease [25]. The
risk of cardiovascular disease in RA patients also emerges from the inability of
RA patients to manage the risk through exercise. Therefore, it is of utmost im-
portance to monitor the lipid profile in RA patients followed by intervention to
minimize the long-term risk of developing cardiovascular diseases. The higher
levels of AST and ALT in the RA patients than the healthy controls can be attri-
buted to the medication as part of initiating disease-modifying antirheumatic
drugs (DMARD) therapy that the patients were receiving through the study pe-
riod. The hepatocoxic side-effects of rheumatoid arthiritis drugs such as metho-
trexate (MTX), leflunomide (LEF) have been reported earlier [26]. These drugs,
due to their cytotoxic effects, were deemed responsible for the elevated levels of
AST and ALT in RA patients who receive these drugs [26]. In contrast to AST
and ALT, intriguingly, ALP level in RA patients was found to be lower compared
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to healthy individuals. Earlier studies have found the higher levels of ALP in RA
patients although the underlying etiology has not been well understood [27].

In order to establish a link between HLA genotyping and clinical parameters
of rheumatoid arthritis—anti-CCP and RF antibody, six different HLA alleles
(HLA-DRB1*01, HLA-DRB1*03, HLA-DRB1*04, HLA-DRB1*07, HLA-DQB1*0201
and HLA-DQB1*0301/4) were analyzed among the study subjects. The selection
of these alleles was based on the systematic analysis of the allele frequency of
different HLA alleles in South-East Asian population. Based on the frequency
analysis, we selected these six different HLA alleles that represent South-East
Asian population diversity with respect to HLA-alleles. Analyses of the genotyp-
ic distribution of HLA genes in the study subjects indicated that the alleles were
widely distributed throughout healthy subjects and RA patients. An earlier study
reported a possible association of HLA-DRB1*01 allele with rheumatoid arthritis
in populations representing a wide variety of ethnicity and geographical loca-
tions [28] [29] [30]. Another study showed the association of the propensity of
RA with HLA-DRB1*04 in Chinese population [31]. Furthermore, study with
RA patients among Syrian population was found to be strongly associated with
both HLA-DRB1*04 and HLA-DRB1*01 [32]. However, no such association has
been shown for South-East Asian population. North American Rheumatoid Arthri-
tis Consortium, performed a study involving a large cohort of study-subjects of the
North American origin, have uncovered a significant association between the
susceptibility of RA and HLA-DRB1*04 [33].

In our study the frequency of RA patients harboring HLA-DRB1%04 allele
(34%) was found to be double than that of in healthy individuals (17%) indicat-
ing the frequency occurrence of this particular allele is relatively higher in RA
patients.

Next we asked whether an association could be established between HLA al-
leles and RA specific clinical parameters. To achieve this, we first divided the study
subjects including the healthy controls and RA patients into different groups
according to the presence of distinct HLA alleles and then, the levels of anti-CCP
and RF antibodies were compared between the groups. No notable pattern was
observed with respect to distribution of anti-CCP antibody levels among the dif-
ferent HLA-groups (Figure 6(a)) though HLA-DRB1*04 positive RA patients
had the highest and HLADQB1*0301/4 positive patients had the lowest levels.
Surprisingly, for RF antibody a strong pattern emerges, which indicated that the
RA patients carrying HLA-DRB1*04 allele exhibited significantly higher levels of
RF antibody compared to the RA patients having other HLA-alleles. This strik-
ing finding indicated that HLA-genotyping has the potential not only to estimate
the propensity of RA but also can be utilized to RA progression and severity.
Previously, studies have established a potential link between the RF and with
disease activity in rheumatoid arthritis [34].

The scarcity of genotypic studies of South-East Asian population, has posed a

major challenge in the estimation of the percentage of population who are at risk
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of rheumatoid arthritis. The current study can be basis of a large-scale study in
the region to uncover the population—wide genotypic distribution of HLA al-

leles associated with RA.
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