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Abstract: Tuberculosis affects about one-third of the world population. The incidence of the disease differs significantly
among populations living under almost similar conditions, indicating the role of genetic factors. The present study aimed
to appraise the impact of HLA-G gene polymorphisms and soluble HLA-G on the susceptibility to pulmonary tuberculosis.
48 patients with pulmonary tuberculosis and other 42 age- and sex-matched healthy individuals were included in the study.
Both groups evaluated two gene polymorphisms in the HLA-G gene and soluble HLA-G protein. The frequency of Del/
Del genotype of rs66554220 (14-bp Ins/Del) polymorphism in patients was 8.33% which was higher than that of controls
(2.38%) with a significant difference (crude OR=9.26, 95%CI=1.06-80.93, p=0.044). Such association remained significant
after adjusting for confounding factors, including smoking, family history, socioeconomic status and residence (adjusted
OR= 11.83, 95%CI=2.77-50.51, p= 0.01). The median serum level of soluble HLA-G in patients was 34.0 ng/ml (range
6.18-74.25 ng/ml), which was greater than that of controls (median 20 ng/ml, range 312-71.98 ng/ml) with a significant
difference. We can conclude that The Del/Del genotype of rs66554220 (14-bp Ins/Del) polymorphism is an independent
risk factor for pulmonary tuberculosis in the Iragi population.
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|
Introduction

Tuberculosis (TB), caused by Mycobacterium tuber-
culosis, is one of the most widespread infections affecting
about one-third of the total population, with more than eight
million new cases and two million lethal outcomes registe-
red annually'. TB is exacerbated by the emergence of multi-
drug- and extensively drug-resistant bacterial strains?.

The incidence rate of TB differs significantly among
different races, ethnicities, and families, indicating predis-
posing genetic factors for this disease. Multifaceted interac-
tions of M. tuberculosis with ecological and host genetic fac-
tors have a decisive role in TB development. Host-related
genetic features explain, at least in part, why some people
are more or less prone to infection. Numerous lines of evi-
dence, comprising twin studies®, genome-wide linkage di-
sequilibrium investigations*, and genome-wide association
studies (GWAS)3, demonstrated that host genetics signifi-
cantly affect a subject's susceptibility to TB. Human leuco-
cyte Antigen-G (HLA-G), a non-classical primary HLA class
1B particle, can be involved in the suppression of many
cells like natural killer (NK) cells, dendritic cells, CD4+ and
CD8+ lymphocytes®. HLA-G protein hypothetically occurs
as 7 isoforms comprising 4 membrane-bound (HLA-G1,
-G2, -G3, and -G4) and 3 secreting soluble (HLA-G5, -G6,
and -G7) proteins”. The HLA-G gene occupies the loci
6p21.31 on chromosome 6. Due to alternative splicing of its
transcript, the HLA-G gene encodes for membrane-bound
(HLA-G1 to HLA-G4) and/or soluble proteins (HLA-G5 to
HLA-G7)8. Serum levels of soluble HLA-G (sHLA-G) may
be associated with different HLA-G genotypes®. One of the

most commonly studied variants in this gene as a risk fac-
tor for reproductive disorders is 14-bp Insertion/Deletion
(rs371194629: c.*65_*66ins ATTTGTTCATGCCT) located
at 3' untranslated regions (3'UTR). Insertion variant of 14-
bp produces extra splicing by which 92 bases are deleted
from the beginning of exon 8'°. Such deletion may influen-
ce the stability of mMRNA, which is linked with relatively low
levels or even the absence of sHLA-G in serum®"'. Castelli
et al. proposed an amalgamation of several single nucleoti-
de polymorphisms (SNPs) is responsible for expressing the
HLA-G gene'?™. Thus, besides 14-bp Insertion/Deletion,
other SNPs in the HLA-G gene promoter called rs1063320
(+3142G>C) might influence the HLA-G expression™. Se-
veral modern studies examined the role of these variants in
infectious'™ and non-infectious disease''® with controver-
sial results. However, to the best of our knowledge, there
were no prior studies about the effect of these variants in
TB. This study aimed to assess the sHLA-G role and two
gene polymorphisms in the HLA-G gene in the susceptibility
to TB.

|
Materials and methods

This case-control study included 48 patients with pul-
monary TB (pTB). Those patients were presented to the
consultant clinic for respiratory diseases in Hilla, Iraq, from
December 2020 to July 2021. All patients were undergone
full clinical and radiological examinations prior to laboratory
assessment. Informed consent was gathered from all the
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participants. The study fulfilled the ethical standards of the
Helsinki Declaration. A healthcare professional confirmed
TB based on clinical manifestations, radiological findings
and positive sputum Zeihl-Neelsen (ZN) stain for the cau-
sative bacilli. Septum samples were inoculated on Lowens-
tein-Jensen media if these methods did not produce a con-
clusive result. The inoculation time of the bacilli extended
up to 8 weeks'”. Bacterial growth was considered positive
when yellowish colonies appeared on this medium within 8
weeks of inoculation. Otherwise, the result was considered
harmful, and the suspected patients were excluded from the
study. Other age- and gender-matched families unrelated
to 42 healthy individuals were considered a control group.
Subjects with a previous history of TB, autoimmune disea-
se, diabetes, and chronic disease were excluded.

Data Collection

Approximately 5 milliliters (ml) of venous blood were ob-
tained from each participant and divided into two aliquots: 2 ml
in ethylene diamine tetra acetic acid (EDTA) tubes and 3 ml
in plain tubes where serum was separated by centrifugation.

DNA Extraction and Gene Amplification

A ready commercial kit (Favorgen/ Taiwan) was used
for genomic DNA extracted from whole blood according to
the manufacturer's protocol. The HLA-G gene fragment mat-
ching the rs1063320 (+3142G>C) and rs66554220 (14-bp
Ins/Del) polymorphisms in the 3'UTR were amplified with
two sets of primers™. The 25 pL polymerase chain reaction
(PCR) reaction comprises 1 uL of extracted DNA (100 ng/
mL), 1 uL of each primer (10uM), 10 uL of 2x Taq polymerase
(Genet Bio, Korea), and 5 pL double deionized water. The
PCR conditions for rs1063320 were as previously mentio-
ned'. The expected amplicon length was 406 bp. Ten pL
of PCR products were processed with BaeGl/ restriction en-
zyme (New Biolabs/England). The enzyme acts on the G
allele, cutting the fragment into 316-bp and 90-bp. For the
rs66554220, the PCR conditions encompassed an initial de-
naturation for 5min at 95°C tracked by 35 cycles of denatu-
ration for 30 sec at 95°C, annealing at 56°C for 30 sec, and
extension at 72°C for 30 sec, with ultimate extension at 72°C
for 5min. The PCR products were undergone electrophore-
sis in 2% agarose gels and were observed under UV light.
Product sizes were 127-bp for Del and 141-bp for Ins allele.

Serum Level of Soluble HLA-G

A commercial ready kit (Human Leukocyte Antigen G
Kit, Cusabio, China) was used to estimate the concentration
of sHLA-G in serum samples from patients and controls.
The protocol of the manufacturer was followed precisely.

Statistical Analysis

The SPSS software (version 25) was used for all sta-
tistical analyses. The significance of different genotypes of
rs1063320 and rs66554220 as a risk factor for pBT was as-
sessed by calculating the odds ratio (OR) and its correspon-
ding 95% confidence intervals (Cl). For this task, both uni-
variate and multivariate logistic regression were employed.
For such analysis, subjects with wild homozygous genotype
were considered as references, and different variants were
considered dependent variables. Risk factors such as age,
gender, residence, family history, smoking and socioecono-
mic status (SES) were entered into the model as confoun-
ders. Chi-square was used for testing the deviation of di-
fferent genotypes from Hardy- Weinberg equilibrium (HWE)

and to compare the categorical variables between patients
and control. Data regarding the serum level of sHLA-G were
subjected to the Shapiro Wilk test (normality test) and were
found to be non-normally distributed. Accordingly, a nonpa-
rametric Mann-Whitney U test was used to compare serum
levels of sHLA-G between patients and controls. A p-value
< 0.05 was considered statistically significant.

|
Results

General Characteristics of the Study Population

The mean age of the patients was 62.17+9.12 years,
comparable to that of the controls (58.26+8.82 years) with
no significant difference. Likewise, there were no significant
differences between the two groups regarding gender dis-
tribution and family history of pTB. However, low SES, ex/
current smokers, and rural residents were more frequent
among patients (37.5%, 53.42% and 70.33%, respectively)
than among controls (11.9%, 14.29% and 45.24%, respecti-
vely) with significant differences (Table 1).

Molecular Assay

Each of rs1063320 (+3142G>C) and rs66554220
(14-bp Ins/Del) SNPs appeared in three genotypes. For
rs1063320 (+3142G>C), these genotypes were GG, GC
and CC, while the genotypes for rs66554220 (14-bp Ins/
Del) were Ins/Ins, Ins/Del and Del/Del.

The frequency of different genotypes and alleles of both
SNPs in either patients or controls followed the Hardy-Wein-
berg equilibrium. For rs1063320 (+3142G>C), patients and
controls had a comparable rate of genotypes and alleles with
no significant differences. On the other hand, the frequen-
cy of Del/Del genotype in patients (8.33%) was higher than
that of controls (2.38%) with a significant difference (crude
OR= 9.26, 95%CI=1.06-80.93, p=0.044). Although the del
allele was remarkably more frequent in patients than con-
trols (38.54% vs. 26.19%), the difference was not significant
(crude OR=1.77, 95%CI=0.93-3.34, p=0.083) (Table 2).

All factors that had a p-value<0.1according to the uni-
variate analysis, were entered into the multivariate model.
After adjusting for confounding factors, including smoking,
family history, residence and SES, the multivariate analy-
sis revealed a significant independent association between
Del/Del genotype of rs1063320 (+3142G>C) SNP with the
incidence of pTB (adjusted OR= 14.19, 95%CI=1.14-17.7,
p=0.039). Furthermore, each of low SES and rural residen-
ce were also independent risk factors for pTB (adjusted
OR= 57.0, 95%CI=13.3-23.2, p= 0.001 and adjusted OR=
11.83, 95%CI1=2.77-50.51, p= 0.01) as shown in table 3.

Serum Level of Soluble HLA-G

Median serum level of sHLA-G in pTB patients was
34.0 ng/ml (range 6.18-74.25 ng/ml), which was higher than
that of controls (median 20 ng/ml, range 312-71.98 ng/ml)
with a significant difference (Figure 1).

|
Discussion

In the present study, low SES, smoking and rural re-
sidence were significantly associated with susceptibility to
pTB in univariate analysis. However, in multivariate analy-
sis, smoking was not significant. The association of poverty



Study of HLA-G gene polymorphism and serum level of soluble HLA-G in patients infected with Mycobacterium tuberculosis

Variables Patients (n=48) Controls (n=42) p-value
Age, vears
Mean=SD 62.17+9.12 58.26=8.82 0.218
Range 38- 86 32-77
Gender
Male 27(56.25%) 29(69.05%) 0.212
Female 21(43.75%) 13(30.95%)
Family history
No 42(87.5%) 41(97.62%) 0.074
Yes 6(12.5%) 1(2.38%)
Socio-economic status
High 2(4.17%) 7(17.67%) 0.007
Intermediate 28(58.33%) 30(71.43%)
Low 18(37.5%) 5(11.9%)
Smoking
Never 31(64.58%) 36(85.71%) 0.022
Ex/current 17(53.42%) 6(14.29%)
Residence
Urban 14(29.17%) 23(4.76%) 0.014
Rural 34(70.33%) 19(45.24%)
SD: standard deviation
Table 1. General characteristics of the study population.
Patients Controls p- OR(95%CI)
Variants (48) (42) value
rs1063320
Genotypes
GG 31(64.58%) 23(54.76%) 0.627 1.0
GC 13(27.08%) 14(33.33%) 0.431 0.69(0.27-1.74)
CcC 4(8.33%) 5(11.9%) 0.472  0.59(1.4-2.46)
HWE 0.150 0.235
Alleles
G 75(78.13%) 60(71.43%) 0.344 1.0
C 21(21.87%) 24(28.57%) 0.72(0.37-1.42)
rs66554220
Genotypes
Ins/Ins 19 (39.58%) 21(50%) 0.130 1.0
Ins/Del 21(43.75%) 20(47.62%) 0.580 1.28(0.54-3.06)
DelDel 8(16.67%) 1(2.38%) 0.044  9.26(1.06-80.93)
HWE 0.596 0.133
Alleles
Ins 59(61.46%) 62(73.81%) 0.083 1.0
Del 37(38.54%) 22(26.19%) 1.77(0.93-3.34)

HWE: Hardy-Weinberg equilibrium

Table 2. The frequency of genotypes alleles of rs1063320 (+3142G>C) and rs66554220 (14-bp Ins/Del) in PTB patients

and controls.

with adverse health conditions was previously proved not
only with TB but almost with all infectious diseases. Low
SES is always associated with many predisposing factors
for TB, such as low education level, high crowding, and
low-quality water supply, which increase the chance for di-
sease occurrence and transmission. Rural residents may
have less access to health centers and low hygienic mea-
sures compared with urban residents. Thus, rural residents

are more prone to infectious diseases, including TB, which
can be a source of infections for other people because, in
many cases, the patient is not got the proper treatment.
The most exciting finding in the present study was that
the Del/Del genotype of the rs66554220 polymorphism
was significantly associated with an increased risk of pTB
(14.19,95%CI=1.14-17.7). This implies that individuals carr-
ying this genotype have a 14-time greater risk of developing
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Variables p-value Adjusted OR(95%CI)
Family history
No 0.054 1.0
Yes 19.6(0.95-40.27)
Socio-economic status
High 0.001 1.0
Intermediate 0.052 18.59(0.97-35.5)
Low 0.001 57.0(13.3-23.2)
Smoking
Never 0.186 1.0 Table 3. Multivariate
analysis adjusted for
Ex/current 2.36(0.66-8.4) confounding factors.
Residence
Urban 0.01 1.0
Rural 11.83(2.77-50.51)
rs66554220 Genotypes
Ins/Ins 0.016 1.0
Ins/Del 0.087 0.31(0.08-1.19)
Del/Del 0.039 14.19(1.14-17.7)
- p=0.033
E 80
E, ¥
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pTB than those carrying Ins/Ins genotype under the same
circumstances. Most available studies addressing this poly-
morphism focused on non-infectious diseases. For exam-
ple, Garcia-Gonzalez?' evaluated the 14-bp Del/lns HLA-G
polymorphism in acute coronary syndrome and type 2 dia-
betes mellitus (T2DM). The Ins/Ins genotype was associa-
ted with high blood pressure in diabetic patients. Another
study found a significant association between the Ins/Ins
genotype and coronary artery disease (CAD)?. The 14-bp
insertion polymorphism was found to raise HLA-G mRNA
instability, with a subsequent downregulation of HLA-G ex-
pression and reduction in membrane-bound and soluble
mRNA isoforms production?. Svendsen et al.?* demonstra-
ted that an increase in the expression of membrane-bound
HLA-G1 coincided with a reduction of NK cytotoxicity in
14-bp/ins transfected K562 cells compared to 14-bp/Del
transfected cells. Furthermore, the study also showed that
the HLA-G1 14-bp/Del allele was associated with a higher
sHLA-G1/mHLA-G1 ratio than the 14-bp/Ins allele. Based
on these observations, it can be speculated that the 14-bp/
Ins associated with the protective role against pTB in the

current study could be in charge of the main expression of
membrane-bound isoforms of HLA-G, with eventual T-hel-
per type 2 immune response and anti-inflammatory cytoki-
nes production.

Another critical finding in the present study was that
sHLA-G was significantly higher in patients than in con-
trols. Again most previous studies investigated this protein
in non-infectious diseases. Fainardi et al.?® investigated the
variations in serum sHLA-I levels in multiple sclerosis (MS)
patients under interferon (IFN) therapy. The authors de-
monstrated an elevation in serum sHLA-I| levels one-month
post-therapy. Furthermore, serum sHLA-I levels surged in
responders compared with non-responder patients during
the first trimester of treatment, suggesting that the favorable
effect of interferon could be intermediated by increment in
serum sHLA-I levels during the treatment course. This im-
plies the immune suppression nature of this protein, which
is incredibly beneficial in MS but harmful in TB. Many other
studies supported this assumption that reported increased
levels of HLA-G in breast cancer patients' 82, HLA-G pro-
tein is thought to have an immuno-inhibitory consequence
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on antigen-presenting cells (APCs), NK cells and T cells
through the interactions of their specific inhibitory receptors,
with KIR2DL4, which are expressed by almost all subsets
of T-cells?”. Additionally, as some anti-proinflammatory cyto-
kines like interleukin (IL)-10 can boost HLA-G expression,
which increases IL-10 production, it has been assumed that
HLA-G antigens may have a role in immune modulation via
promoting the immune switching from Th1 to Th2 response®.

|
Conclusions

Collectively, these data suggest that the del/del genoty-
pe of the rs66554220 polymorphism can be a risk factor for
pTB by increasing HLA-G expression.
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