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Abstract Genome-wide association studies have led to the
involvement of multiple susceptibility genes in the develop-
ment of systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA). The present case control study was conducted
to determine the possible association of DNAM-1(C/T, rs
763361) single nucleotide polymorphism (SNP) with RA
and SLE in the Egyptian population. This study aimed to
determine the possible genetic influence of SNP on disease
activity in SLE (represented by SLEDAI score) and in RA
patients (represented by DAS2S). Fifty SLE patients com-
pared to 43 healthy controls and 35 RA patients compared
to 30 healthy controls were included in the study. The PCR-
RFLP technique was used to detect DNAM-1(C/T rs 763361)
gene polymorphism. Analysis of the frequency distribution of
both allele and genotype frequency distribution of SLE and
RA patients compared to healthy control subjects did not re-
veal a significant association between SLE and RA patients
and the rs763361. Analysis of the disease activity status in
lupus nephritis (LN) and non-lupus nephritis patients revealed
a significant association between DNAM-1(C/T) SNP and LN
patients carrying the TT and CT genotypes (P = 0.009 and
0.004; respectively). DNAM-1(C/T rs763361) SNP is not
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associated with the development of SLE and RA in
Egyptian population. The SNP might be associated with dis-
ease activity status represented by SLEDAI score in LN pa-
tients carrying CC and CT genotypes, respectively.

Keywords Rheumatoid arthritis (RA) - Systemic lupus
erythematosus (SLE) - PCR-RFLP - DNAM-1

Introduction

Autoimmune diseases have widely confirmed complex path-
ogenesis. The association between genetic and environmental
factors is associated with the development of autoimmunity
(Ceccarelli et al. 2016). Systemic lupus erythematosus (SLE)
and rheumatoid arthritis are systemic multifactorial heteroge-
neous autoimmune diseases. Genome-wide association stud-
ies have led to the involvement of multiple susceptibility
genes in the development of SLE and RA (Suzuki et al. 2011).

SLE is a multisystem autoimmune disease that has a broad
range of clinical manifestations that is characterized by remis-
sions and exacerbations. Tissue damage in SLE is due to the
production of autoantibodies and complement fixing immune
complex deposition, which can affect multiple organ systems,
resulting in a broad range of immunologic and clinical mani-
festations (Keishan et al. 2007; Narayanan et al. 2010). The
major histocompatibility gene complex (MHC) represents an
important genetic risk factor associated with SLE (Sanchez
et al. 2011). However, the HLA system constitutes 40% of
the overall estimated genetic risk for SLE (Wandstrat and
Wakeland 2001).

Rheumatoid arthritis (RA) is a systemic, chronic autoim-
mune inflammatory disorder that primarily attacks the syno-
vial joints resulting in an inflammatory response in the
synovium with hyperplasia of the synovial cells and excess
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synovial fluid (Majithia and Geraci 2007). The disease mani-
fests clinically by joint pain, stiffness, and swelling. The HLA
region contributes to about 60% of the genetic pathogenesis of
the disease; similarly, the non-HLA genes contribute to dis-
ease manifestations (Kiani et al. 2015). Recently, much prog-
ress has been made in defining non-HLA-related susceptibil-
ity loci for RA (Du et al. 2012).

DNAX accessory molecule 1(DNAM-1), also known as
CD226, is a type-I membrane protein that is involved in the
process of adhesion and costimulation of T cells. DNAM-1 is
constitutively expressed on natural killer (NK) cells, CD4"
and CD8" T cells, a subset of B cells, monocytes, and platelets
(Du et al. 2010).

The CD226 gene is detected on chromosome 18q22-23,
and it is a 65-KDa transmembrane glycoprotein that consists
of an extracellular region that has two Ig-V-like domains, a
transmembrane region, and a cytoplasmic region that has ty-
rosine and serine-phosphorylated sites (Sherrington et al.
1979).

DNAM-1 expression deficiency was reported to cause high
sensitivity to apoptosis in NK T cells which were obtained
from SLE patients, thus providing supporting evidence for
DNAM-1 role in autoimmune diseases (Tao et al. 2005).
Furthermore, the GLy307Ser variant could change the expres-
sion or signaling of CD226 due to the fact that it is present in
the molecule’s cytoplasmic tail (Todd et al. 2007).

The rs 763361 single nucleotide polymorphism in the
CD226 gene has been described as a novel susceptibility locus
for several autoimmune diseases such as type 1 diabetes (TID)
(Douroudis et al. 2009). In addition to TID, the non-
synonymous rs 763361 variant was found to be related to
several other autoimmune diseases as rheumatoid arthritis,
celiac disease, Graves’ disease, systemic lupus erythematosus,
multiple sclerosis, and psoriasis mainly in Caucasian popula-
tions (Wieczorek et al. 2009).

Song et al. reported an association between DNAM-1
(CD226) gene SNP and a subgroup of autoimmune diseases
in Europeans, South Americans, and Asians (Song et al.
2012). The variation in the genetic susceptibility in different
ethnic groups has led us to attempt to study the genetic influ-
ence of DNAM-1(C/T, rs763361) SNP on the development of
SLE and RA in Beni-Suef Governorate in Upper Egypt. In
addition, attempts were made to detect the possible genetic
association between the polymorphism and the disease activ-
ity in both SLE and RA patients.

Patients and methods
Patients

The present case control study was conducted in BENI-SUEF
UNIVERSITY HOSPITAL. All SLE and RA patients and
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control subjects were informed of the purpose of the study,
and their consent was obtained, and the study was approved
by the local ethics committee. The SLE and RA patients were
recruited from the outpatients’ clinic of Rheumatology and
Rehabilitation department, between September 2014 and
December 2015. SLE group consisted of 50 SLE patients
and 43 unrelated, age- and sex-matched, healthy control sub-
jects with no family history of autoimmune diseases. The pa-
tients were diagnosed by a rheumatologist according to
American College of Rheumatology (ACR) revised criteria
(Hochberg 1997). The rheumatoid arthritis group consisted
of 35 RA patients and 30 unrelated, age- and sex-matched,
healthy control subjects with no family history of autoimmune
diseases. The diagnosis of the patients was done according to
2010 ACR/EULAR (formerly, the American Rheumatism
Association) classification criteria (Aletaha et al. 2010). All
patients were subjects to standard hospital questionnaire and
thorough clinical examination. Relevant data on history and
pathological findings of patients were obtained from hospital
medical records.

Clinical assessment of systemic lupus erythematosus
patients

The SLE patients’ disease activity was assessed using
SLE Diseases Activity Index (SLEDAI) score
(Bomardier et al. 1995). The SLE patients were arbitrari-
ly classified according to disease activity status into three
groups based on the rheumatologist clinical judgment.
The first group represented patients with mild disease
activity (scores <8), the second group represented pa-
tients with moderate disease activity (scores 9-18), and
the third group represented the patients with severe dis-
ease activity (scores >18). The SLE patients were further
stratified into two groups. The first group, non-lupus
nephritis patients (non-LN), lacked evidence of renal in-
volvement, tested positive for antinuclear antibodies
(ANAs) or anti-double-stranded deoxyribonucleic acid
antibodies (anti-ds-DNA antibodies). The second group
had LN and was defined according to clinical and labo-
ratory manifestations that met the ACR criteria (protein-
uria levels higher than 0.5 g/day or greater than +++ by
dip stick and/or cellular casts including red blood cells,
hemoglobin, granular, tubular, or mixed) and/or renal bi-
opsy samples demonstrating immune complex-mediated
glomerulonephritis compatible with LN (Petri et al.
2012).

Clinical assessment of rheumatoid arthritis patients
The RA patients were divided into groups according to

disease activity as indicated by DAS 28 scoring system.
The modified disease activity score (DAS 28) was
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calculated from hospital medical records for all patients.
DAS 28 score of cutoff higher than 5.1 is indicative of
high disease activity, whereas a cutoff >3.2-<5.1 indi-
cates moderate disease activity, cutoff >2.6—<3.2 is indic-
ative of mild disease activity, and DAS 28 cutoff <2.6
indicated remission state according to EULAR criteria
(Van der Heijde et al. 1990).

Laboratory assessment of SLE and RA patients

Two milliliters of EDTA samples was collected from each
patient for determination of erythrocyte sedimentation rate
(ESR; Western green). At least 3 ml of venous blood was
collected from each patient and placed in tubes without anti-
coagulant. The serum samples were used for determination of
C-reactive protein (CRP) by semiquantitative latex
(AVITEX® CRP, Omega Diagnostics). CRP was considered
positive >6 mg/L. C3 and C4 were measured by radial im-
mune diffusion (Biocientifica SA). For SLE patients, ANA
was detected by indirect immunofluorescence (IF) using
HEp-2 cells (Kallestad™, BIO RAD) and tests were consid-
ered positive for titers above 1/40. Anti ds DNA was deter-
mined by IF, with Crithidia lucilia (Kallestad™, BIO RAD),
and tests were considered positive for titers above 1/10. For
RA patients, rheumatoid factor (RF) was performed by semi-
quantitative latex (AVITEX® RF, Omega Diagnostics), RF is
considered positive >8 IU/ml. Anticyclic citrullinated peptide
(Anti-CCP) was determined using enzyme-linked immuno-
sorbent technique (ELISA) using (QUANTA Lite®
CCP3IgG ELISA, INOVA Diagnostics). According to the
manufacturer’s protocol, serum was considered positive when
the reading was >20 U.

Genotyping

Genomic DNA was extracted from EDTA anticoagulated
whole blood using QIAamp DNA Mini Kit (cat. no. 51104,
QIAGEN) according to the manufacturer’s protocol. The se-
quences flanking the DNAM1 (C/T, rs 763361) SNP were
amplified by PCR. Genotyping of the polymorphism was de-
termined by restriction fragment length polymorphism
(RFLP) (Avis 1994).

The 213-bp fragment of the CD226 gene, encompassing
the CD226 C/T (rs 763361) polymorphic site, was amplified
via PCR using the sense (5'-CTGCGAGAGAAGGT
TGGATAGTTGAC-3') and the anti-sense primer (5'-CTTG
TCCCATATCATGCCTGCATT-3’) primer pair. The total re-
action volume was 25 pl: first, 2.5 pul of DNA was placed in an
Eppendorf tube with a reaction mixture containing 0.5 pl of
each primer; 2.5 ul of 10x Pfu PCR Mgso, buffer, 0.5 pl of
dNTP Mix, 10 mM each (no. R0O191), and 0.7 ul PFU DNA
polymerase (no. EP0571), and adjusted to a final volume of
25 ul. The PCR reaction was performed in T-personal thermal

cycler (Biometra) under the following conditions: initial de-
naturation at 95 °C for 1-3 min, 35 cycles of amplification
(30 s at 95 °C, 30 s at 60 °C, 2 min at 72 °C), and a final
extension phase for 5 min. The PCR products were separated
on 2% agarose gel using 1x TAE buffer for 40 min at 100 V,
followed by ultraviolet visualization. The PCR generated a
213-bp fragment carrying the polymorphic site.

The PCR products were digested using Mspl fast digest
restriction enzyme (no. FD0554 Thermo Scientific) according
to the manufacturer’s protocol. The digested products were
separated on 4% agarose gel using 1x TAE buffer for
40 min at 100 V followed by ultraviolet visualization. After
digestion, CD 226 T allele gave rise to 140 and 73 bp frag-
ments, while the C allele gave rise to 213 bp fragment (Figs. 1
and 2).

Statistical methods

The collected data review, coding, and statistical analysis was
done by using SPSS program (statistical package of social
science; SPSS Inc., Chicago, IL, USA) version 16 for
Microsoft Windows. Mean, median, range, and standard de-
viation were calculated to measure central tendency and dis-
persion of quantitative data while frequency of occurrence
was calculated to measure qualitative data. Student # test was
used to determine the significance in difference between two
means. Chi-square test () was done for comparison of qual-
itative data, and fisher’s exact test was used instead when the
count of cell was less than 5. Odds ratios (ORs) with 95%
confidence intervals (CI) were calculated whenever applica-
ble, to test association between genotype and SLE and RA.
Mann—Whitney U test was used to determine the significant
difference between two non-parametric variables. Genotype
distributions were compared with those expected for samples
from populations in Hardy-Weinberg equilibrium using a x>
test (1 df). The level of significance was taken at P value of
<0.05.

Fig. 1 PCR-RFLP analysis of DNAMI gene polymorphism using Mspl
restriction enzyme in SLE patients. M DNA molecular weight marker;
Lanes 1, 2, 3, 4, 6, 7, and 11 represent homozygous wild-type (CC)
genotype. Lanes 8, 9, and 10 represents heterozygous (CT) genotype.
Lane 5 represents homozygous mutant (TT) genotype
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Fig.2 PCR- RFLP analysis of DNAMI gene polymorphism using Mspl
restriction enzyme in RA patients. M DNA molecular weight marker;
Lanes 1, 3, 4, 5, 7, 8, and 10 represent homozygous wild-type (CC)
genotype. Lanes 2, 6, and 9 represents heterozygous (CT) genotype.
Lane 11 represents homozygous mutant (TT) genotype

Results

Genetic influence of DNAM-1 (C/T, rs 763361) SNP
on SLE patients

In the current case—control study, the percentage of SLE fe-
male patients was 88% and the percentage of male patients
was 12%. As for the control group, the percentage of females
was 76.7% and the percentage of males was 23.3%. As
regards age, SLE patients’ ages ranged between 12 and
52 years with a mean value of 27.48 + 9.58, while the healthy
control subjects’ ages ranged between 17 and 53 years with a
mean value of 29.23 + 8.47. The demographic, clinical, and
laboratory data of the SLE patients and the control group are
summarized in Table 1.

The frequency distribution of DNAM-1 genotypes in SLE
patients and healthy control subjects conformed to Hardy-
Weinberg equilibrium (HWE) (P = 0.117 and P = 0.641; re-
spectively). Similarly, the frequency distribution of DNAM-1
genotypes in both LN and non-LN patients conformed to
HWE (P = 0.141 and P = 0.377; respectively).

We first attempted to analyze the association of the SLE
with the SNP and its association with LN. Analysis of the
frequency distribution of DNAM-1 (rs763361) genotypes re-
vealed a non-significant differences in both allele (X2 =1.65,
P = 0.20) and genotype distribution among the SLE patients
and control group (X*> = 2.32, P = 0.313). Further on, analysis
of the frequency distribution of allele and genotype frequen-
cies in both LN and non-LN patients revealed a non-
significant difference in both allele (X = 1.56, P = 0.212)
and genotype distribution (X* = 2.30, P = 0.323) in both
patients’ groups (Table 2).

Next, the patients were grouped arbitrarily into three
groups according to the SLEDAI scoring system to investigate
the association between the degree of disease activity and
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DNAM-1 (C/Trs 763361) gene polymorphism. The grouping
was done according to the rheumatologist clinical opinion.
The first group represented the patients with mild disease ac-
tivity (score < 8), the second group represented patients with
moderate disease activity (score 9—18), and the third group
represented the patients with severe disease activity
(score > 18). However, we did not detect an association be-
tween the degree of disease activity and the frequency distri-
bution of DNAM-1 (C/T rs 763361) genotypes in SLE pa-
tients (X> = 1.49 and P = 0.920) (Table 3 and Fig. 3).

On the other hand, on analysis of the disease activity
status in LN and non-LN patients and its association with
DNAM-1 (C/T rs 763361) gene polymorphism, we used
the median to compare the difference in disease activity
in patients carrying different genotypes, due to the pres-
ence of extreme values in SLEDALI score, in our data. Our
results indicated that LN patients carrying the wild-type
(CC) genotype had a higher median compared to non-
LNs carrying the same genotype, and the difference be-
tween the two groups was statistically significant
(P = 0.009). Similarly, LN patients carrying the heterozy-
gous (CT) genotype had a higher median compared to non-
LN patients carrying the CT genotype and the difference
between the two groups was statistically significant
(P = 0.009) (Table 4 and Fig. 4).

Genetic influence of DNAM-1 (C/T, rs 763361) on RA
patients

In the present case—control study, the percentage of RA female
patients was 97.15% and the percentage of male patients was
2.85%. As regards the control group, the percentage of fe-
males was 86.67% and the percentage of males was 13.33%.
RA patients’ ages ranged between 20 and 70 years with a
mean value of 45.62 + 13.93, while on the other hand, the
healthy control subjects’ ages ranged between 22 and 65 years
with a mean value 0of 40.80 + 6.41. The demographic, clinical,
and laboratory data of SLE patients and control group are
represented in (Table 5).

Regarding consistency with HWE, the frequency distribu-
tion of DNAM-1 genotypes in RA patients and healthy con-
trol subjects were consistent to HWE (P = 0.869 and
P =0.900; respectively). We first attempted to detect an asso-
ciation between the SNP and RA by comparing the frequency
distribution of the SNP in both RA patients and the healthy
control group. Analysis of the frequency distribution of
DNAM-1 (1s763361) genotypes in the RA patients’ group
revealed a non-significant difference in both allele
(X* = 0.253, P = 0.615) and genotype distribution among
RA patients and the healthy control group (X* = 0.30,
P =0.865) (Table 6).

For our final analysis, we analyzed the frequency distribu-
tion of DNAM-1 (C/T rs 763361) genotypes and its
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Table 1 Demographic, clinical,

and laboratory data of patients Clinical and lab. data SLE cases Controls LN =33) Non-LN Significance
and control group in SLE patients, NV =50) (N =44) N=17) test and P
and LN and non-LN patients value
Age (years)
Mean + SD 27.48 +9.58 25.86 +447 2429 +920 27.34 +8.88 P =0.308"
P =0267"
Sex
Female 44 (88%) 34 (76.7) P=0.167"
Male 6 (12%) 10 (23.3)
Disease duration (months)
Mean + SD 25.76 + 17.98 2752+£192 2235+1527 P=0342°
SLEDAI
Score (mean + SD) 12.18 + 8.03 15.48 +7.84 5.76 +4.42 P < 0.001%
SLICC
Score (mean + SD) 1.68 £1.73
ESR (mm/h)
Mean + SD 67.98 + 41.66
CRP (mg/L)
Positive 15(30.0%)
Negative 35(70.0%)
HB (gnmv/dl)
Mean + SD 10.30 + 2.06
ANA (IF)
Positive 50 (100%)
Negative 0 (0%)
Anti-DNA
Positive 31(62%)
Negative 19 (38%)
C3 and C4
Consumed 23 (46%)
Normal 27 (54%)
24 h urinary proteins(mg/dl)
Mean + SD 1097.40 + 10-
38.

N number, SLICC Systemic Lupus International Collaborating Clinics (damage index), SLEDAI Systemic Lupus
Disease activity Index, /F indirect immunofluorescence, LN lupus nephritis, Non-LN non-lupus nephritis

*Significance level (P < 0.05)
#SLE versus controls

LN versus non-LN

association with disease activity in RA patients as represented
by DAS 28 score. The rheumatoid arthritis patients were di-
vided into two groups according to the status of disease activ-
ity: the first group consisted of the non-remission patients,
which according to the EULAR criteria included patients with
low disease activity (DAS 28 > 2.6- < 3.2), moderate-activity
patients (DAS 28 > 3.2— < 5.2), and high-disease-activity pa-
tients (DAS 28 > 5.1). The second group included the patients
that are in remission state (DAS 28 <2.6) (van der Heijde et al.
1990). However, our results did not reveal a significant asso-
ciation between the degree of disease activity and the

frequency distribution of DNAM-1 (C/T rs 763361) geno-
types (X2 = 4.949, P = 0.0841) (Table 7).

Discussion

Genome-wide association scans in common human autoim-
mune diseases have lately detected multiple loci associated
with disease susceptibility. Understanding allele heterogeneity
and homogeneity among diseases gives insight into common
gene function and pathways (Hafler et al. 2009).
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Table 2 Genotype and allele frequency of DNAM 1(C/T, rs763361) SNP in All SLE patients, control group, and LN and non-LN patients

SLE patients Controls (N = 43%) X2 and P value Lupus nephritis Non-lupus nephritis X2 and P value
(N = 50%) (N =33 (%)) N =17 (%))
Genotype
cC 20 (40.0%) 24 (55.8%) 15 (45.5%) 5(29.4%)
CT 27 (54.0%) 17 (39.5%) X? =232 17 (51.5%) 10 (58.8%) X? =230
TT 3 (6.0%) 2 (4.7%) P=0313 1 (3.0%) 2 (11.8%) P =0.323.
Allele
C 67 (67.0%) 65 (75.6%) X? = 1.65 19 (28.8%) 14 (41.18%) X? =156
T 33 (33.0%) 21 (24.4%) P =020 47 (71.2%) 20 (58.82%) 0.212

Significance level (P < 0.05)
N number

The studies on the association between CD226 C/T poly-
morphism and autoimmune diseases yielded conflicting re-
sults. To the best of our knowledge, this is the first case—con-
trol study conducted in Egypt to detect a possible genetic
association between SLE and RA and DNAM-1 (CD226)
C/T gene polymorphism.

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease that has been associated with the involvement of
multiple tissues and organs. Epidemiological evidence with
studies concerning linkage association studies has suggested
that susceptibility of SLE is associated with genetic factors
(Du et al. 2010).

In the current case—control study, analysis of the associa-
tion CD226 (C/T) polymorphism revealed that the frequency
distribution of the C and the T alleles were not significantly
different when compared in SLE patients and the healthy con-
trol group (P = 0.20). Moreover, the genotype frequency dis-
tribution of rs 763361 SNP SLE patients was not significantly
different from the healthy control group (P = 0.313).

However, in contrast to our results, a case—control study
conducted by Du et al. (2010) reported that the CD226 poly-
morphism showed an association of the T allele with increased

Table 3  Association of disease activity (represented by SLEDAI
Score) in SLE patients and DNAM-1 (C/T, rs 763361) polymorphism
genotype frequency distribution

Variable Mild® (€8)  Moderate® (9-18) Severe® (>18) P value
N=20(%) N=15%) N =14 (%)
Genotype
CC 7 (35.0%) 6 (40.0%) 7 (50.0%) X2 =149
CT 12 (60.0%) 8 (53.3%) 6 (42.9%) P =0.920
TT 1 (5.0%) 1 (6.7%) 1(7.1%)

Significance level (P < 0.05)
N number

Patients were grouped arbitrarily according to disease activity status
(represented by SLEDALI score) according to the rheumatologist clinical
opinion, N number
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SLE susceptibility on comparing cases and healthy control
subjects (P = 0.018) and the mutant (TT) genotype was more
frequently represented among SLE patients as compared to
the normal population (P < 0.025). Similarly, Nie et al. report-
ed that SLE risk was significantly higher in carrier T allele of
rs 76331 within CD 226 gene compared to carriers of the CC
genotype (CT + TT vs CC) (Nie et al. 2016).

The discrepancy between the results of the current study
and similar studies regarding the association between CD226
C/T polymorphism and SLE might be due to the clinical het-
erogeneity of SLE, different ethnicities, and real genetic het-
erogeneity (Bollain-y-Goytia et al. 2014). In addition, SLE is a
complex disease; individual exposure to different environ-
mental factors in combination with genetic susceptibility
may have resulted in such conflicting results (Lu et al.
2012). Another possible explanation is the small sample size
in the current study and different genotyping techniques used
for detection of the polymorphism in different studies.

Renal involvement is one of the serious complications of
SLE, because it can result in high rates of morbidity and mor-
tality (Iwata et al. 2011). The diagnosis of glomerulonephritis

60.00%
50.00%

40.00%

mCC
30.00%
mCT

20.00%

10.00%

0.00%
Severe (>18)

. Moderate (9-18)
Mild (<8)

Fig. 3 Disease activity (represented by SLEDAI Score) in SLE patients
and DNAM 1 (C/T, rs 763361) SNP genotype frequency distribution
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Table4 Comparison of SLEDAI
score in LN patients and non-LN Variable SLEDAI in SLEDAI in Mann—Whitney P value
patients in DNAM 1 (C/T, LN Patients non-LN patients U test
1$763361) SNP genotypes (median) (median)
Genotype
Wild type
cC 18.00 5.00 Z =02.62 0.009*
Mutant type
T 16.00 23.50 Z =0.00 1.00
Heterozygous
Mutant type
CT 16.00 4.00 Z =287 0.004*

*Significant difference (P < 0.05)

is suspected when proteinuria and urinary sediments are asso-
ciated with arterial hypertension. These data may predict kid-
ney involvement, although renal biopsy continues to be the
gold standard for diagnosis and classification of LN (Bollain-
y-Goytia et al. 2014).

To investigate the possible role of CD226 (C/T) gene poly-
morphism in the development of lupus nephritis, SLE patients
were stratified into two groups; the first group represented the
LN patients (33 patients), while the second group represented
the non-lupus nephritis patients (17 patients). The results of
the current study indicated that there was no statistically sig-
nificant association between the developments of lupus ne-
phritis and CD226 (C/T) gene polymorphism.

Global scores like SLEDAI can be problematic at times in
that the score may be the same whether the patients are im-
proving, stable, or worsening. For instance, a rash can im-
prove and still be present or deteriorate and yet the score
may be same (Narayanan et al. 2010).

In the current study, we investigated the influence of
CD226 (C/T) gene polymorphism on disease activity in LN
and non-LN patients, we detected that LN patients carrying
the wild-type (CC) genotype and heterozygous (CT) genotype

25

20

M SLEDAI in LN patients
(median) 15

mSLEDAlinnon-LN 10

patients (median)

cc cT T

Fig. 4 SLEDAI score in LN patients and non-LN patients in DNAM 1
(C/T, 1s 763361) SNP genotypes

had higher median of disease activity compared to non-LN
patients (P = 0.009 and P = 0.004, respectively).

The results of the current study regarding the genetic asso-
ciation of CD226 (C/T) gene polymorphism with the degree
of disease activity represented by SLEDAI score with LN and

TableS Demographic, clinical, and laboratory data of RA patients and
control group

Variable Patients (N = 35) Healthy P value
controls
(N =30)
Age (years)
Mean + SD 45.62 + 13.93 40.80 + 6.41 0.081
Range 20-70 22-65
Sex
Male (N/%) 1 (2.85%) 4 (13.33%)
Female (NV/%) 34 (97.15%) 26 (86.67%) 0.114
Disease

Duration (years)

Mean + SD 8.48 £ 6.95
Range 10-30
CRP (mg/l)
Positive 17 (48.6%)
Negative 18 (51.4%)
Anti-CCP (U/ml)
Positive 29 (82.9%)
Negative 6 (17.1%)
RF (IU/ml)
Positive 25 (71.4%)
Negative 10 (28.6%)
ESR (mm/h)
Mean £+ SD 56.40 £ 22.79
Range 10.00-100-00

Significant difference (P < 0.05)

N number, Anti-CCP anticyclic citrullinated peptide, RF' rheumatoid
factor
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Table 6  Genotype and allele frequency distribution of DNAM 1 (C/T,
rs 763361) gene polymorphism in rheumatoid arthritis patients and
healthy control subjects

Variable Patients Controls X2 and P value
N =35 (%) N =30 (%)

Genotype

CcC 21(60.6%) 16(53.3%)

TT 2(5.7%) 2(6.7%) X* =030

CT 12(34.3%) 12(40.0%) P =0.863
Allele

C 54(77.1%) 44(73.3%) X? = 0253

T 16(22.9%) 16(26.7%) P=0615

Significant value (p < 0.05)

N number

non-LN might be caused by the heterogenic nature of SLE
pathogenesis. In addition, Lozano et al. demonstrated that
CD226 provides a positive costimulatory signal for the prolif-
eration of T cells and augments proinflammatory cytokine
production, leading to shifting the balance between Thl/
Th17 and Th2 cells toward a proinflammatory response
(Lozano et al. 2013).

Hence, we postulate that the C allele of CD226 might be
involved in the augmentation of the inflammatory response
which might be responsible for an increased disease activity
in LN patients and might also be responsible for the associa-
tion between disease activity with SLE patients in TT and CT
genotype subgroups.

Despite the fact that the full etiology of RA is unclear,
evidence suggests that multiple genetic and environmental
risk factors contribute to breaking of immune tolerance,
resulting in the autoimmune manifestations of RA (Liu et al.
2012).

Table 7 Comparing genotype frequency distribution of DNAM 1
(C/T) gene polymorphism and disease activity in RA patients
(represented by DAS 28 score)

Variable ~ DAS 28 DAS 28" P value
Non-remission group Remission group
N =33 (%) (N =2) (%)
Genotype
CcC 11(33.33%) 0.0 (0.0%)
TT 20(60.60%) 1.0 (50.0%) P =0.0841
CT 2(6.06%) 1.0(50.0%)

Significance level (P < 0.05)
N number, DAS28 disease activity score 28

#Non-remission group includes low-activity patients (DAS 28 > 2.6-
< 3.2), moderate-activity patients (DAS 28 > 3.2- <5.2), and high-activity
group (DAS 28 >5.1)

® Remission group (DAS 28 < 2.6)
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In the present case—control study, there was no statistically
significant difference detected on investigating the allele fre-
quency distribution of DNAM-1 (C/T rs 763361) in RA pa-
tients and the control group (P = 0.615). Similarly, no statical-
ly significant difference was detected on analysis of genotype
frequency distribution in both patients and healthy controls
(P =10.863).

In accordance with our results, Liu et al. (2012) could not
detect a genetic association between DNAM-1 (rs 763361)
and rheumatoid arthritis in a sample of the Chinese popula-
tion. Similarly, these results were in agreement with the results
of several studies performed in other countries (Kiani et al.
2015 and Myethianou et al. 2016).

However, in contrast to the results of the current study, Du
et al. (2012) demonstrated that the rs 763361 variant in
DNAM-1 is associated with RA in the Chinese Han popula-
tion. This was in agreement with the results of Maiti et al.
(2010) and Hashemi et al. (2013) that indicated the presence
of a genetic association between rs 763361 and RA.

Further on, in the current study, we did not detect a statis-
tically significant difference, on investigating the genetic as-
sociation between DNAM-1(C/T, rs 763361) polymorphism
and the disease activity state in RA patients (represented by
DAS 28 score) in both remission and non- remission patient
groups (P = 0.0841).

There is a plethora of evidence suggesting that autoimmune
diseases share a common genetic background, and several
studies suggested that autoimmune phenotypes involve pleio-
tropic outcomes of non-specific disease genes (Lettre and
Rioux 2008; Anaya 2010). Multiple susceptibility genes for
autoimmune diseases have been detected without confirma-
tion of their role in the development in the pathogenic pheno-
type; therefore, it was mandatory to investigate their function-
al validation in vivo. The contribution of CD 226 to the phe-
notype of multiple autoimmune diseases has been demonstrat-
ed in vivo, in some murine models (Anaya et al. 2006;
Dardalhon et al. 2005). In these murine models, the blocking
of DNAM-1 was associated with decreased infiltration of T
cells, implying that it could reflect a general effect of DNAM-
1 on inflammation rather than an effect linked to the genetic
association of DNAM-1 with the susceptibility for the consid-
ered autoimmune disease (Elhai et al. 2015).

Hence, the results of the current study regarding the lack of
association between DNAM-1 (C/T rs 763361) variant and
RA could be explained by highlighting the results of the study
conducted by Elhai et al. (2015), on collagen-induced arthritis
(CIA) murine model that demonstrated that blocking CD 226/
DNAM-1 has an effect on the development CIA despite a
decrease in infiltrating T cells, which suggests that other cells
are involved in the pathophysiology of CIA. Thus, they indi-
cated that DNAM-1 may be implicated in the development of
a specific pathogenic phenotype, as encephalomyelitis, dermal
fibrosis, and graft versus host diseases, but not RA.
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Finally, the present work should be regarded as a hypothe-
sis testing with its limitations, and further studies on larger
population samples and in other populations of similar ethnic
origin are needed to establish the results of the current study.

In conclusion, the current study suggests that there is lack of
genetic association between DNAM-1 (C/T rs 763361) SNP
and the development of SLE and RA. However, this SNP might
be associated with a high SLEDAI score in LN patients in
patients carrying TT and CT genotypes, respectively.
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