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Introduction: The level of expression of the immunoregulatory human leukocyte antigen-G (HLA-G) has been suggested to play
a role in the immunopathogenesis of systemic lupus erythematosus (SLE). A 14 bp insertion/deletion (ins/del) polymorphism in the
3'untranslated region of HLA-G gene may influence the level of expression. The role of Toll-like receptor 9 (TLR9) in the
pathogenesis of SLE has been highlighted. Data among Egyptian patients are quite limited.

Purpose: To detect the association of HLA-G 14 bp ins/del gene polymorphism with the susceptibility to SLE and to correlate TLR9
serum level with disease activity among Egyptian patients.

Patients and Methods: A case-control study that included 102 SLE female patients and 102 healthy matched volunteers as controls
was carried out. Disease activity in patients was determined using the modified Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI). HLA-G 14 bp ins/del genotype was detected by polymerase chain reaction (PCR). TLR9 serum level was estimated using
enzyme-linked immunosorbent assay (ELISA) technique.

Results: The ins/ins genotype was significantly increased among SLE patients compared to healthy subjects (58.8% vs 9.8%; odds
ratio [OR] = 11.79, P < 0.001). The 14 bp ins allele was significantly more frequent in SLE patients than in healthy subjects (65.7% vs
27.9%, respectively) and significantly associated with an increased risk of SLE (OR 4.94, P < 0.001). The mean TLR9 serum level
showed a significant increase in SLE patients compared to healthy subjects (397.04+137.86 vs 195.22+45.14 ng/L, p < 0.001) and was
significantly associated with disease activity as well as to patients’ HLA-G genotypes (p < 0.001).

Conclusion: Among Egyptian population, HLA-G 14 bp ins/ins homozygous genotype and ins allele may constitute a potential risk
for SLE susceptibility, while TLR9 serum level is significantly associated with disease activity.
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Introduction

Systemic lupus erythematosus (SLE) is a prototype of multi-system autoimmune diseases, triggered by a combination of
several genetic and environmental factors.'* More than 90 genetic loci have been studied and found to be associated with
SLE development and progress in different populations.® Among Egyptian patients, different genetic polymorphisms
have been studied and found to be associated with SLE as polymorphisms in the gene coding for the autoimmune
regulator (4/RE), type I interferon (IFN) pathway, interleukin 27, programmed cell death 1 (PD1), tumor necrosis factor
(TNF-a) and IFN-y.*® However, the role of the human leukocyte antigen-G (HLA-G) gene has not been addressed before
among Egyptian patients.
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HLA-G is a non-classical HLA class Ib molecule located on chromosome 6p21.31. Unlike the classical HLA class I,
HLA-G has a limited polymorphism in its coding region. It encompasses seven isoforms, including four membrane-
bound (mHLA-G; HLA-G1, -G2, -G3, and -G4) and three soluble (sHLA-G; HLA-GS, -G6, and -G7) isoforms, which
may be generated by alternative splicing of HLA-G primary transcripts.” Under physiologic conditions, HLA-G is
principally detected at the maternal—fetal interface in extra-villous cytotrophoblast cells as it creates a state of tolerance to
protect the fetus from the maternal immune response against the fetal semi-allograft.'® The immune-tolerogenic influence
of HLA-G molecules is exerted primarily through the interaction of membrane-bound and soluble HLA-G to their
specific inhibitory receptors (immunoglobulin-like transcript; ILT2, ILT4) expressed on immune cells as natural killer
cells, CD4" and CD8" lymphocytes and dendritic cells, which in turn results in downregulation of inflammatory
processes and immune tolerance.'’ In addition to the fetal tissues, restricted tissue distribution of HLA-G has been
documented in adult immune-privileged organs including the cornea, thymus, pancreatic islets, endothelial cell pre-
cursors and erythroblasts.'? It can also be induced under pathologic conditions such as viral infection, tumors,
transplantation, inflammatory and autoimmune disorders."

A possible association between HLA-G expression levels and susceptibility to develop SLE, or modulate its clinical
features, has been shown in different populations with distinct ethnic background.'* '

A 14 bp insertion/deletion (ins/del) polymorphism in exon 8, the 3 untranslated region (3'UTR) of the HLA-G mature
RNA, has been suggested to influence the expression level of HLA-G molecules as the insertion of the 14 bp fragment in
the 3'UTR is thought to affect the stability of HLA-G mRNA.'” Indeed, the HLA-G 14 bp ins/ins genotype has been
associated with lower surface expression and decreased soluble HLA-G production.'®° This eventually results in
activation of inflammatory cells which could contribute to the development of inflammatory diseases, malignancies,
pathological pregnancy, and several autoimmune diseases like SLE."'*~!

On the other hand, Toll-like receptor 9 (TLR9) represents a stimulatory component of the immune system which may
be connected functionally to HLA-G.>* TLR9 is a class of pattern recognition receptors (PRR) recognizing DNA with
unmethylated CpG motifs and is almost expressed in B cells and plasmacytoid dendritic cells. It has been demonstrated
to play a crucial role in the pathogenesis of SLE.? The deficiency in clearance of cellular debris and the accumulation of
endogenous nucleic acids in patients with SLE may thus be recognized by TLRY triggering the production of type I IFN
and other proinflammatory cytokines.**

Though it remains controversial,”>*® this has been hypothesized to play a critical step for lupus initiation and
development as B cell TLRO is required for the abnormal survival, proliferation, and differentiation of autoantibodies
secreting B and plasma cells.””**

The expression level of TLR9 has been shown to correlate with the expression of CD85j or ILT2, a receptor for HLA-
G, and to positively correlate with HLA-G expression suggesting a physiologic connection between suppressive factors
of the immune system (HLA-G) and elements of innate immunity (TLR9).>2

To better elucidate these issues among Egyptian patients, this study was designed to detect the association of HLA-G
14 bp ins/del polymorphism with the susceptibility to SLE and further correlate TLR9 serum level with disease activity
among Egyptian patients.

Patients and Methods

A case-control study was carried out between December 2019 and February 2021 in the Immunology Research Lab at
Medical Microbiology and Immunology Department, and the Rheumatology and Rehabilitation Department, Faculty of
Medicine, Zagazig University. The study included 102 SLE female patients with their age ranging from 18 to 55 years
old, in addition to 102 age-matched apparently healthy female volunteers, as controls, with age ranging from 20 to 53
years old. All enrolled patients fulfilled the diagnostic criteria for SLE defined by the Systemic Lupus International
Collaborating Clinics (SLICC) criteria of 2012.%° Patients with autoimmune diseases other than SLE, extreme age group,
and drug-induced lupus were excluded from the study. Personal history was recorded for all patients including age, and
smoking history. Clinical data such as onset and duration of disease, malar rash, falling of hair, photosensitivity, oral
ulcer, discoid lesion, arthritis, neurological manifestations, lupus nephritis (LN), and secondary antiphospholipid
syndrome (APLS) were collected from patients’ records. Disease activity was determined for each patient using the
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modified Systemic Lupus Erythematosus Disease Activity Index (SLEDAI).*® Routine laboratory and autoimmune
parameters such as complete blood count (CBC) profile, complement (C) 3 and C4 level, antinuclear antibodies
(ANA), ANA pattern, anti-double stranded DNA (dsDNA) antibodies, and anticardiolipin antibodies (ACLA) were all
investigated for each patient.

Ethical Approval

The Institutional Review Board (IRB) and the ethical committee of Zagazig University Hospitals approved this study,
approval number (IRB##5617-16-10-2019). All subjects gave written informed consent before enrollment. This work
was conducted in accordance with the World Medical Association Declaration of Helsinki.

Blood Sampling

Five mL of whole venous blood were withdrawn from each participant under complete aseptic conditions and divided
into two parts; two mL were collected in EDTA tube for DNA extraction and HLA-G genotyping and three mL were
collected in plain vacutainer, incubated for 30 min at 37 C° then centrifuged for serum separation and TLR9 estimation.

Genotyping and Detection of HLA-G |4 bp Polymorphism at exon 8 (3" UTR)
Genotyping of HLA-G was performed for all participants. Whole blood DNA was extracted from EDTA-treated blood
samples by using PREP-RAPID GENETICS DNA extraction kit (DNA technology, Russia) according to the manufac-
turer’s instructions. Polymorphism at HLA-G was detected using polymerase chain reaction (PCR) that utilizes two
specific primers to amplify the targeted fragment of the chosen gene. The following primers were used; forward primer
(5’-GTGATGGGCTGTTTAAAGTGTCACC-3"), and reverse primer (5’-GGAAGGAATGCAGTTCAGCATGA-3").%!
Reactions were done in a total volume of 25 pL containing 4 pL (~100 ng) of genomic DNA with an ultimate
concentration of other reagents (iNtRON Biotechnology, Korea): 1x reaction buffer, 2.5 mM of each dNTP, 1.5 mM
MgCl,, 2.5 U Taq polymerase, 1 pL of each primer (10 pmol/uL). Cycling conditions were as follows; initial
denaturation at 95°C for 180 s followed by 35 cycles of denaturation at 95°C for 60s, annealing at 64°C for 60s,
elongation at 72°C for 10 min, and final elongation at 72°C for 10 min. Amplified products were visualized under UV
light in a 2% agarose gel with ethidium bromide (0.5 pg/mL) (Sigma, USA). A 100 bp DNA ladder (KAPA™, USA) was
used to detect the size of the resulting fragment/fragments.

Interpretation

Depending upon the insertion or deletion of 14 bp sequence in HLA-G exon §, PCR products of length 224 or 210 bp
were generated, respectively.®' Three different genotypes were detected; homozygous for 14 bp insertion [ins/ins] (+/+14
bp) producing one fragment measuring 224 bp, homozygous for 14 bp deletion [del/del] (—/—14 bp) producing one
fragment measuring 210 bp and heterozygous for 14 bp insertion/deletion [ins/del] (+/—14 bp) where two fragments (224
bp and 210 bp) were detected.

Estimation of TLR9 Serum Levels

Serum level of TLR9 was estimated by a sandwich ELISA technique using the human TLR-9 ELISA Bioassay
Technology (BT Lab, China) ELISA kit (catalog no.: E0356Hu) according to the instructions of the manufacturer. The
mean absorbance was estimated for each sample at 450 nm wavelength. The level of TLR9 was calculated using
calibration curves with a sensitivity of 2.53 ng/L.

Statistical Analysis

The sample size was calculated to be 204 (102 case and 102 control) using open-Epi at CI 95% and power of study 80%.
SPSS program (Statistical Package for Social Science) version 27.0 was used for data processing. Qualitative data were
represented as frequencies and relative percentages. Chi-square () test was used to calculate difference between
qualitative variables. Quantitative data were expressed as mean + standard deviation (SD). Independent “t” test,
ANOVA (F-test), Tukey post hoc test and Kruskal Wallis test were used to calculate the difference between quantitative
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variables. Spearman correlation coefficient was used to assess the strength of the relationship between two sets of data.
P values less than 0.05 indicate significant results.

Results

This study included 102 SLE female patients with their ages ranging between 18-55 year (mean 31.61 +11.17 year) and
disease duration from 2 to 13 year (mean 5.94 + 2.57 years). Enrolled healthy female subjects (n = 102) had a mean age
of 32.65 £ 4.56 years with no significant difference (P > 0.05) between both groups. The mean SLEDAI of SLE patients
in the present study was 10.31+6.08 where 11.8% of SLE patients had very high activity. Hair falling represented the
commonest phenotype in patients (60.8%). About half of the studied patients had LN (52.9%), malar rash (50%), and
arthritis (49%). Other clinical and laboratory parameters of SLE patients are presented in Table 1.

HLA-G 14 Bp Polymorphism

The results revealed that the frequencies of HLA-G 14 bp genotypes and alleles in both SLE patients and healthy subjects
were significantly different (P < 0.001). The ins/ins genotype was more frequent in SLE group (58.8%) compared to
controls (9.8%). The 14 bp ins allele was significantly more frequent in SLE group than in controls (65.7% vs 27.9%,
respectively, P < 0.001). The higher frequency of 14 bp ins allele in SLE group was found to be associated with an
increased risk of SLE (OR 4.94, P < 0.001) (Table 2 and Figure 1).

When the HLA-G genotypes were related to various demographic and clinical features of SLE patients (Table 3),
no significant association (P > 0.05) between HLA-G genotypes and disease onset or disease duration was evident.
However, regarding clinical manifestations, a significant association was found between ins/ins genotype and both LN
(P = 0.02) and hair falling (P = 0.002). Meanwhile, arthritis was significantly associated with del/del genotype (P <
0.001). On the other hand, no significant association (P > 0.05) between genotypes and laboratory findings was found.
The results further revealed a non-significant association between SLE patients’ genotypes and the positivity to anti-ds
DNA antibodies (P = 0.07). However, when patients with positive anti-ds DNA were further divided into two groups
based on the presence (anti-dsDNA+/LN+, n = 58) or absence (anti-dsDNA+/LN-, n = 25) of LN, a significant
association was found between the ins/ins genotype and the anti-dsDNA+/LN+ group (P = 0.02). Additionally, the
results revealed significantly higher SLEDAI (P = 0.03) among patients with ins/ins genotype (mean 11.3 + 6.25)
compared to other genotypes (mean 8.36 + 6.67, 10 = 2.08 for del/del and ins/del, respectively), where all patients
with very high disease activity and 73.3% of those with high activity exhibited the ins/ins genotype (P < 0.001)
Table 3.

Analysis of TLR9 Serum Levels
Analysis of TLR9 serum level in the studied groups demonstrated that SLE patients recorded significantly higher mean
serum levels than in the control group (397.04+137.86 ng/L vs 195.22+45.14 ng/L, p < 0.001) Figure 2.

When the relation of TLR9 serum level to various clinical and laboratory features of SLE patients was investigated,
the results revealed that TLRY serum level was significantly associated with hair falling (P = 0.002), photosensitivity (P =
0.02), arthritis (P = 0.04), and LN (P < 0.001). However, no significant association was found between the serum level of
TLR9 and other clinical manifestations (Table 4). Interestingly, TLR9 serum level was significantly higher in anti-
dsDNA antibody-positive group (n = 83) compared with anti-dsDNA antibody-negative group (n = 19) (427.95 = 132.14
vs 262.11 £ 58.68, P < 0.001). In contrast, no significant association was found between serum level of TLR9 and the
presence of ACLA or any other CBC abnormalities (Table 4).

Moreover, to investigate the correlation of TLR9 with disease activity, we analyzed the correlation of TLR9 serum
level with SLEDAI scores in SLE patients using Spearman correlation coefficient test. The expression of TLR9 serum
level was found to be positively correlated with SLEDALI scores (rs=0.496, P<0.001).

The TLRY level was then compared between both groups of anti-dsDNA positive patients (anti-dsDNA+/LN+ and
anti-dsDNA+/LN-) to further investigate the relationship between TLR9 level with organ damage, particularly LN.
A significant increase in TLR9 expression in the anti-dsDNA+/LN+ group as opposed to the anti-dsDNA+/LN- group
was observed (Mean 417.08 + 135.24 vs 362.6 + 85.75 ng/L, P = 0.03) (Table 4).
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Table | Demographic Characteristics, Clinical Manifestations, Lab Findings and Disease Activity of SLE

Patients

Variable (n=102)

Age (Years) Mean = SD 31.61£11.17
Median (Range) 29 (18-55)

Disease duration (Years) | Mean * SD 5.94+2.57
Median (Range) 5.5 (2-13)

Variable No (%)

Onset Early (<20 years) 39 382
Late (>20 years) 63 61.8

Manifestations Malar rash 51 50
Hair falling 62 60.8
Photosensitivity 55 539
Oral ulcers 24 235
Discoid lesion 17 16.7
Arthritis 50 49
Neurological manifestations (headache) | 12 1.8
Lupus nephritis 54 52.9
Secondary APLS I 10.8

Laboratory findings CBC profile abnormalities 70 68.7
Leukopenia 12 1.8
Anemia 53 52
Thrombocytopenia 5 4.9
Low C3 level 54 529
Low C4 level 54 52.9
Positive ANA 102 100
ANA pattern:
Homogeneous 52 51
Speckled 36 35.2
Nuclear 6.9
Peri-nuclear 6.9
Positive anti-dsDNA 83 8l.4
Positive ACLA 31 30.4

SLEDAI Mild activity 1-5 29 28.4
Moderate activity 610 31 30.4
High activity 11-19 30 294
Very high activity = 20 12 1.8
Mean £ SD 10.31+6.08
Range 10 (2-22)

Notes: Normal WBCs count =411 x 10 3 /mm? and leukopenia <4000/ mm?, Normal hemoglobin level=12-16 g/dl and anemia<|2g/dl,
Normal platelet count=150—400 x 10 > /mm? and thrombocytopenia <100,000/ mm?, Normal C3 level =90— 210 mg/dI, Normal C4 level =13

75 mg/dl.

Abbreviations: SD, standard deviation; APLS, antiphospholipid syndrome; CBC, complete blood count; C3, complement 3 level; C4,
complement 4 level; ANA, antinuclear antibodies; Anti-ds DNA, Anti-double stranded DNA antibodies; ACLA, anticardiolipin antibodies;
SLEDAI, systemic lupus erythematosus disease activity index.

Furthermore, the HLA-G genotypes of the studied participants were related to TLR9 serum level to find if there is any

possible association. The results revealed that those having ins/ins genotype recorded the highest TLR9 levels in both

SLE patients and healthy subjects demonstrating a significant association (P < 0.001). Interestingly, SLE patients having

International Journal of General Medicine 2022:15

https:

665

Dove:


https://www.dovepress.com
https://www.dovepress.com

Mohammed et al Dove

Table 2 Genotypes and Allele Frequency of HLA-G Among the Studied Groups

Group SLE Patients (n=102) No (%) Controls (n=102) No (%) | P value OR

Genotypes

Del/del 28 (27.5%) 55 (53.9%) Ref - |

Ins/del 14 (13.7%) 37 (36.3%) 0.58 0.45 0.74 (0.4-1.6)
Ins/ins 60 (58.8%) 10 (9.8%) 41.99 <0.00 I** 11.79 (5.25-26.48)
Allele

Del 70 (34.3%) 147 (72.1) 584 <0.00 I** 4.94 (3.24-7.52)
Ins 134 (65.7%) 57 (27.9%)

Note: **Highly significant.
Abbreviations: y% Chi square test; OR, odds ratio; Del, deletion; Ins, insertion.

ins/ins genotype recorded higher TLRY levels than healthy subjects with the same genotype (mean 450.14 £+ 143.69 vs
223.33+ 28.43 ng/L) Figure 3.

Discussion
The heterogeneity of SLE among different ethnicities strongly supports the influence of different genetic backgrounds on
the critical biological mechanisms underlying the disease. Understanding the influence of different genetic backgrounds
on the pathogenesis of the disease may improve disease risk prediction. Additionally, it may help develop new targeted
therapeutic strategies.””

In this study, hair falling, LN, malar rash and arthritis represented the main phenotypes of SLE patients. This comes
consistent with previous studies carried out among Egyptian patients where musculoskeletal (arthritis), mucocutaneous
(rash), and LN were the most common phenotypes.*°

!

210 bp

Figure | Gel electrophoresis of PCR products demonstrating different HLA-G genotypes of the studied participants. Lane L: 100-bp DNA Ladder; lanes 2, 3, 4, 6, | 1, 12, 14,
15, 16: HLA-G homozygotes ins/ins (+14bp/+14bp); lanes 9,10: HLA-G heterozygotes ins/del (+14bp/-14bp); lanes 1, 5, 7, 8,13: HLA-G homozygotes del/del (—14bp/-14bp).
Depending upon the insertion or deletion of 14bp sequence in HLA-G exon 8, PCR products of length 224 or 210bp were generated, respectively. Three different
genotypes homozygous for 4 bp insertion [ins/ins] (+/+14 bp) 224 bp, homozygous for 14 bp deletion [del/del] (=/—14bp) 210 bp and heterozygous for 14 bp insertion/
deletion [ins/del] (+/—14bp) 224 bp and 210 bp were generated.
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Table 3 Relation Between Genotype Frequency of HLA-G and Clinical Manifestations, Laboratory Findings and Disease Activity Among

SLE Patients

Variable Del/Del Del/lns Ins/Ins Test | P Post Hoc
(n=28) (n=14) (n=60)
Age (Years) Mean £ SD 32.5+8.9 34.96x10.5 32.5%11.9 240 102 -

Median (Range) 31.5(20-47) | 34 (24-55) 31 (18-53)

Duration (Years) Mean * SD 5.8+24 5+1.04 6.2129 28% |03 -
Median (Range) 5 (3-10) 5 (4-6) 6 (2-13)
Variable No | (%) No | (%) No | (%) | A P Within Groups
Onset Early (<20 years) 22 349 |7 1.1 34 54 4.8 0.09 -

Late (>20 years) 6 154 |7 179 | 26 66.7
Manifestations Malar rash 15 294 |7 13.7 | 29 569 | 0.21 0.9 -

Hair falling 12 194 | 14 226 | 36 58.1 12.8 | 0.002* <0.00 | #*!
0.132
0.004%+3

Photosensitivity 15 27.3 I 20 29 527 | 4.18 | 0.12 -

Oral ulcers 4 167 | 5 208 | I5 625 | 2.56 | 0.28 -

Discoid lesion 17.6 235 | 10 588 | 2.14 | 0.34 -

Avrthritis 23 | 46 12 |21 |42 | 1722 | <0.001** | 0.03*'
<0.001%+
0.58°

Neurological manifestations | 3 25 3 25 6 50 147 | 048 -

Lupus nephritis 9 167 | 7 13 38 704 | 751 0.02* 0.26
0.006*>
0.36°

Secondary APLS 3 273 | 2 182 | 6 545 | 0.23 0.9 -

Laboratory findings | CBC profile abnormalities 19 27.1 6 8.6 45 643 | 55 0.06 -

Leukopenia 5 339 | O 0 7 583 | 29 0.2 -

Anemia 12 226 |5 9.5 36 679 | 396 | 0.1 -

Thrombocytopenia 2 40 | 20 2 40 0.8 0.7 -

C3 level

Low 15 27.8 148 | 31 574 | 0.14 | 093 -

Normal 13 229 | 6 125 | 29 60.4

C4 level

Low I5 278 | 8 148 | 31 574 | 0.14 | 0.39 -

Normal 13 229 | 6 125 | 29 60.4

ANA Pattern

Homogeneous I 212 | 3 5.8 38 73

Speckled 12 333 | 8 222 | 16 445 | 109 | 0.09 -

Nuclear 2 285 | 2 285 | 3 429

Peri-nuclear 3 429 | 142 | 3 429

Anti-dsDNA

Positive 19 229 | 11 133 | 53 63.9 | 537 | 0.07 -

Negative 9 474 | 3 158 |7 36.8

ACLA

Positive I 355 |5 16.1 15 484 | 2.06 | 0.36 -

Negative 17 239 12.7 | 45 63.4

Anti-dsDNA/LN 028

Anti-dsDNA+/LN+ (n=58) 15 259 | 11 19 32 55.1 | 7.76 | 0.02* 0242

Anti-dsDNA+/LN- (n=25) 4 16 0 0 21 84 0.02+3

(Continued)
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Table 3 (Continued).

Variable Del/Del Dell/lns Ins/Ins Test | P Post Hoc
(n=28) (n=14) (n=60)

SLEDAI Mild activity 1-5 18 62.1 2 6.9 9 31 0.002!
Moderate activity 6—10 8 258 | 6 19.4 17 54.8 | 33.34 | <0.001%* | <0.00]%*?
High activity 11-19 2 6.7 6 20 22 733 0303
Very high activity = 20 0 0 0 0 12 100
Mean * SD 8.3616.67 10+2.08 11.3+£6.25 421% | 0.03* 0.04*'
Range 4 (2-17) 10 (8-12) 10 (3-22) 0.03*?

0693

Notes: Normal WBCs count =4—I | x 10° /mm? and leukopenia <4000/ mm>, Normal hemoglobin level=12—16 g/dl and anemia<12g/dl, Normal platelet count=|50-400
x 10° /mm? and thrombocytopenia <100,000/ mm3, Normal C3 level =90- 210 mg/dl, Normal C4 level =13— 75 mg/dl. )(2' Chi square test; *, ANOVA test; #K ruskal Wallis
test; Post-hoc of ANOVA, Groups with different letters are statistically significant (P<0.05); P1, Del/del versus Del/ins; P2, Ins/ins versus Del/del; P3, Del/ins versus Ins/ins;
*Significant; **Highly significant.

Abbreviations: SD, standard deviation; Del, deletion; Ins, insertion; APLS, antiphospholipid syndrome; CBC, complete blood count; C3, complement 3 level; C4,
complement 4 level; ANA, antinuclear antibodies; Anti-ds DNA, Anti-double stranded DNA antibodies; ACLA, anticardiolipin antibodies; SLEDAI, systemic lupus
erythematosus disease activity index;

The present study demonstrated a significant association between HLA-G 3"'UTR polymorphisms (HLA-G ins/del
1s371194629), previously suggested to have functional significance,'” with SLE susceptibility for the first time among
Egyptian patients. A significant over-presentation of the HLA-G ins allele has been observed in SLE patients versus
healthy subjects with a significant difference in the frequency of ins/ins genotype among both groups (P < 0.001, OR =
11.79) highlighting it as a potential risk factor for SLE development among those patients.

The frequency of HLA-G 14 bp ins allele and its association to other pathologic conditions have been addressed
among Egyptian patients with inconsistent results where it was found to be raised significantly (P = 0.0004) in females
with recurrent spontaneous abortion (67%) compared to females with normal pregnancy (41%) constituting a greater risk
for recurrent spontaneous abortion (P = 0.0003, OR = 2.9). In another study, the ins allele was the most frequently
detected among multiple sclerosis Egyptian patients and controls (62.5% and 70%, respectively) and no significant
difference between both groups has been recorded (P = 0.305). On the other hand, the del allele constituted a higher risk
for non-Hodgkin lymphoma among Egyptian patients compared to healthy subjects (P < 0.001).%7°

In different ethnic groups, conflicting results have been reported on the involvement of HLA-G in SLE. However,
different published reports including meta-analysis studies confirmed the association of the 14 bp insertion allele as a risk

factor for SLE.'**% In contrast, studies conducted on different ethnic groups did not find this association.***°

* ok
800.0

600.0 —

TLR9

400.0

200.0 _—

SLE patients Control group
Group

Figure 2 TLRY serum level (ng/L) among the studied groups. A box plot diagram demonstrating a significant difference™* (P < 0.001) between the mean serum level of TLR9
in SLE patients (n = 102, mean 397.04 ng/L) and that of controls (n = 102, mean 195.22 ng/L).
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Table 4 Relation Between TLR9 Level (ng/L) and Clinical Features, Laboratory Findings and Disease Activity in SLE Patients

Variable No TLRY (ng/L) t P
Mean SD
Onset Early (<20 years) 39 389.05 104.78 0.46 0.65
Late (>20 years) 63 401.99 155.45
Manifestations Malar rash N | 51 417.95 179.81 1.54 0.13
Y | 51 376.13 71.86
Hair falling N | 40 345.61 53.64 3.16 0.002*
Y | 62 430.22 163.62
Photosensitivity N | 47 367.82 108.93 2.39 0.02*
Y | 55 424.92 130.14
Oral ulcers N |78 396.26 151.1 0.1 0.92
Y | 24 399.58 83.7
Discoid lesion N | 85 39291 149.8 0.68 0.5
Y | 17 417.72 40.02
Acrthritis N | 52 370.15 99.32 2.04 0.04*
Y | 50 425.01 165.34
Neurological manifestations N 90 391.86 128.12 1.04 0.3
Y | 12 435.87 199.55
Lupus nephritis N | 48 313.12 65.68 7.06 <0.001**
Y | 54 471.64 142.62
Secondary APLS N | 91 398.09 141.73 0.22 0.83
Y [ Il 388.35 105.18
Laboratory CBC Abnormalities N | 32 393.57 112.58 1.92 0.06
findings Y | 70 447.94 140.71
Leukopenia N | 85 397.62 148.03 0.87 0.39
Y | 12 360.02 53.24
Anemia N | 499 43291 146.13 1.64 0.10
Y |53 395.38 76
Thrombocytopenia N | 97 404.91 136.81 2.61 033
Y |5 3444 83.45
Immunological C3 level
Low 54 475.09 140.55 7.57 <0.001**
Normal 48 309.24 60.75
C4 level
Low 54 475.09 140.55 7.57 <0.001**
Normal 48 309.24 60.75
Anti-dsDNA
Positive 83 427.95 132.14 5.34 <0.001%#*
Negative 19 262.11 58.68
ACLA
Positive 31 402.96 21561 0.29 0.78
Negative 71 394.46 86.45
Anti-dsDNA/LN
Anti-dsDNA+/LN+ 58 362.60 85.75 221 0.03*
Anti-dsDNA+/LN- 25 417.08 135.24
SLEDAI Mild activity 1-5 29 304.83 81.73
Moderate activity 6-10 31 345.95 31.98 47.097 <0.001**
High activity |1-19 30 438.73 114.01
Very high activity = 20 12 647.65 131.92

Notes: Normal WBCs count =4—I1 x 10> /mm? and leukopenia <4000/ mm?, Normal hemoglobin level=12-16 g/dl and anemia<I2g/dl, Normal platelet count=150-400
x 10° /mm? and thrombocytopenia <100,000/ mm?>, Normal C3 level =90— 210 mg/dl, Normal C4 level =13— 75 mg/dl. AANOVA test; *Significant; **Highly significant.
Abbreviations: SD, standard deviation; Del, deletion; Ins, insertion; APLS, antiphospholipid syndrome; CBC, complete blood count; C3, complement 3 level; C4,
complement 4 level; ANA, antinuclear antibodies; Anti-ds DNA, Anti-double stranded DNA antibodies; ACLA, anticardiolipin antibodies; SLEDAI, systemic lupus
erythematosus disease activity index; t, independent t-test;
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Figure 3 TLRY level (ng/L) among different HLA-G genotypes in the studied participants. Comparing TLR9 levels among different HLA-G genotypes using Tukey post hoc test
demonstrates a significant increase (P < 0.001) in individuals with ins/ins genotype compared to other genotypes whether in SLE patients (n = 102) or control group (n =
102). *Significant, **Highly significant.

The different results obtained among different studies may be attributed to other environmental or epigenetic factors
that influence disease development.*! However, the influence of other genetic polymorphisms, which are not included in
the present study, could not be excluded. HLA-G encodes two potentially functional polymorphisms in the 3" UTR,
a-14bp insertion/deletion (14bp ins/del, rs371194629) and a single nucleotide polymorphism +3142G/C rs1063320,
previously reported to affect HLA-G expression level and to be associated with susceptibility to SLE. It is interesting to
point out that the two polymorphisms are in high linkage disequilibrium (LD).** In addition, the HLA-G gene is strongly
linked to other SLE-associated HLA variants differently present in these ethnically diverse populations, in particular
HLA-DRBI alleles.'® The DRB1*03:01 haplotype for example has been shown to be in strong LD with the 14 bp ins
allele and was found to be a major risk allele for SLE among Egyptians.*> However, among the Japanese population, it
has a very rare frequency (0.1%).'° This probably reflects the complex genetic platform that is needed to work together or
interact in a certain way in different populations driving SLE development.

The results of this study showed no significant association between HLA-G 14 bp ins/del genotypes and disease onset
or disease duration among SLE Egyptian patients. In contrast, in Japanese population, Hachiya and coauthors recorded
a significant association (P = 0.0067) of the 14bp ins/ins genotype and early-onset (age <20) SLE.'¢

The current study found that LN and hair falling were significantly higher in patients with the homozygote ins/ins
genotype (P = 0.02, 0.002, respectively). In contrast, arthritis was significantly higher in patients with the homozygote
del/del genotype. The expression of non-classical immunoregulatory MHC class I molecules as HLA-G has been
suggested previously to protect hair follicles, as immune-privileged sites, from undesired immune responses by creating
an immunoinhibitory signaling milieu suppressing both natural killer and cytotoxic T cells.** Similarly, in renal tissue of
SLE patients, HLA-G expression has been shown to attenuate LN through inhibiting dendritic cell maturation and
causing B1 cell depletion.*> Therefore, it is possible that decreased expression of HLA-G which may associate with
genetic polymorphisms could account for the excessive activation of multiple immune cells observed in SLE patients
resulting in inflammation and tissue destruction. Contradicting results have been reported concerning the association of
the 14 bp ins/del genotypes with different SLE phenotypes. In pediatric Brazilian patients, Cavalcanti and coauthors
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found that patients with the 14 bp deletion allele and 14 bp del/del genotype exhibited a significantly increased risk of
developing LN (OR= 2.76, 95% confidence interval [CI] = 1.17-6.52, P = 0.028 and OR = 8.00, 95% CI = 1.57-40.65,
P = 0.006, respectively)*® which comes consistent with the current study. Hachiya and coauthors, on the other hand,
reported no association between HLA-G 14bp ins/del and nephritis among Japanese SLE patients.'® An increased
frequency of heterozygotes (ins/del) in photosensitive patients and homozygotes for deletion (del/del) in patients with
arthritis has been reported among SLE patients in Brazil.*’ Interestingly, in another Brazilian study, no significant
association between HLA-G ins/del and clinical manifestations of SLE was found.*® The effects of the HLA-G ins/del
(rs371194629) polymorphism on clinical manifestations in various ethnicities remain poorly understood. However, these
differences may be attributed to the different sizes or ages of the studied groups, their genetic heterogeneity, their
different interaction with environmental factors, or different pathogenesis.

In the current study, a significant association between the ins/ins genotype and disease activity (denoted by SLEDAI)
was found. In agreement with this finding, Veit and coauthors reported a significant difference (P = 0.035) in SLEDAI
scores among different HLA-G genotypes with the heterozygote group (ins/del) recording the lowest mean rank.*’
However, Consiglio and coauthors declared no significant association between SLEDAI and homozygosis to a particular
allele among genotypes of the 3’ UTR polymorphism (HLA-G14 bp ins/del).** It is possible that the different genetic
makeup of different patients or other environmental factors contributed to these conflicting results.

Concerning TLR9 serum level, the current study recorded a significantly higher level among SLE patients compared
to the control group (P < 0.001). This finding is consistent with the results of previous studies.*”>® This could be
attributed to the excessive availability of immunogenic cell-free DNA, in SLE patients, that results from defects in its
digestion or clearance or its structural modification that can stimulate and even induce TLR9 expression.’*>!
Furthermore, this study recorded a significantly higher TLR9 level (P < 0.05) among patients with hair falling,
photosensitivity, arthritis, and LN. The association between TLR9 and different clinical parameters remains controver-
sial. In a previous study, Shahin and coauthors reported a significant association between TLR9 and photosensitivity,
myositis, psychosis, and pleurisy among Egyptian SLE patients.>?

In this study, SLE patients with higher SLEDAI indexes, low C3 and C4 levels and positive anti-ds DNA
autoantibodies (indicating disease activity)™ showed a significantly higher expression of TLR than those in the
remission stage or healthy controls. This finding is well matched with previous studies which have demonstrated that
TLR9 is highly expressed in SLE patients and that TLR9 expression in patients with active SLE is increased compared to
healthy controls.**** Additionally, the positive correlation between the expression of TLR9 and both SLEDAI and
anti-ds DNA in SLE patients has been previously reported.?*>*>3 Yuan and coauthors further demonstrated that increased
expression of TLR9 could indicate a poor prognosis in SLE patients suggesting it as a putative marker to predict the
outcome of SLE patients.”> However, in another study, no correlation between TLR9 expression, when measured in
peripheral blood mononuclear cells, and SLEDAI was found.>®

As anti-ds DNA autoantibodies have been linked to LN,>” a major end organ disease in SLE, patients with positive
anti-ds DNA were further divided in this study into two groups based on the presence (anti-dsDNA-+/LN+) and absence
of LN (anti-dsDNA+/LN-). A significant increase in TLR9 expression in the anti-dsDNA+/LN+ group as opposed to the
anti-dsDNA+/LN- group was found (P = 0.03). This comes consistent with what has been reported previously.>® It has
been suggested that the accumulation of extracellular dsSDNA fragments and DNA-containing immune complexes in SLE
patients could induce high TLR9 expression.”* However, the findings of this study may indicate that the presence of anti-
dsDNA may not be the sole factor correlating with TLR9 upregulation and that the presence of LN appears to augment
TLR9 expression further. Additionally, this may reflect the extensive damage in renal tissues induced by anti-dsDNA that
not only results in the accumulation of extracellular dsSDNA but otherwise the exposure of a multitude of dsDNA
fragments that remain sequestered in the cells.

The results of this study demonstrated a significant association (P < 0.001) between HLA-G 14 bp ins/del genotypes
and TLRO9 level, as those with genotype ins/ins had the highest TLR9 level in both cases and controls. Up to our
knowledge, this association has not been addressed before. However, it could be attributed to the indirect effect of the
decreased expression level of HLA-G molecules associated with the ins/ins genotype'® which limits its immunomodu-
latory effect and enhances, on the other side, the immunopathologic mechanisms in SLE patients. This could eventually
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aggravate tissue damage and release excess extracellular nucleic acids enhancing the induction of TLR9 expression. It is
noteworthy that type 1 IFN (induced by TLRO signaling) is a main inducer of HLA-G molecules,’® which constitutes an
immune checkpoint mechanism exerting a suppressive function and impairing the effector functions of both innate and
adaptive immune-competent cells.

Nevertheless, the limited sample size included without considering the heterogeneity of both demographic and
clinical aspects, the lack of measuring serum HLA-G level and the lack of detection of other forms of polymorphisms
affecting HLA-G expression may constitute some limitations of the current study.

Conclusion

HLA-G 14 bp ins/del polymorphism in the 3"UTR constitutes a significant risk factor for SLE susceptibility in Egyptian
patients in whom a significantly higher level of TLR9 was detected that may support a role for HLA-G and TLR9Y in the
pathophysiology of SLE in Egyptian patients.
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