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ABSTRACT

Background: Interleukin17 (IL-17) isa pro-inflammatory
cytokine mainly secreted by activated TH-17 cells
and involved in inflammatory immune responses.
Interleukin 23 (IL-23) sustains the development of
inflammation and is considered a check point.

Aim: the aim of the present study was to investigate the
association between serum IL-17A, IL-17F and serum IL-
23receptor variants in Saudi women with unexplained
spontaneous recurrence of abortion (RSA).

Methods: a total of 200 women; 100 RSA-patients
matched with 100 controls were enrolled sequentially.
Genetic distributions of the two variants of IL-17A,
IL-17F and IL-23R genes were detected by a real-time
polymerase chain reaction using the Tagman probe
method.

Results: results showed a significant difference of
genetic distribution of IL-17F (7488 T/C) between RSA-
patients and controls, with respect to homozygous TT
(x2=144, p=0.001), homozygous CC (x2=113, p=0.001)
and heterozygous TC ( x2=8.87, p=0.003) genotypes that
were associated with a significant different frequency of
the phenotypic allele T (x2=65.35, p=0.001) and allele C
(x2=100.90, p=0.005), implying that IL-17F of RSA-group
belongs to a different population and/or underwent a
mutation in this group of Saudi Arabian women. The
adjusted odd ratios were 0.01, 53.08 and 12.24 for TT,
TC and CC genotypes, respectively. The odd ratios
for the allele T and C were 0.05 and 35.53, respectively.
Regarding IL-17A (G-197A) homozygous AA genotype
was significantly more frequent in RSA-group
(x2=4.92, p=0.026). For IL-23 (1142 G/ A), homozygous
GG genes was significantly increased in RSA-patients
(2=5.364.92, p=0.021).

Conclusions: based on these results it can be concluded
that genetic variants of IL-17 and IL-23 are involved in
the development of RSA in Saudi Arabian women.
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SOMMARIO

Introduzione: I'interleuchina 17 (IL-17) € una citochina
pro-infiammatoria principalmente secreta dalle cellule

Th-17 attivate e coinvolta nella risposta immunitaria
inflammatoria. L’interleuchina 23 (IL-23) sostiene lo
sviluppo dell'inflammazione ed & considerata un punto
di controllo.

Obiettivo: 'obiettivo di questo studio & stato quello
di indagare I'associazione tra IL-17A, IL-17F sieriche e
le varianti sieriche del recettore dell'IL-23 nelle donne
saudite con aborto spontaneo ricorrente sine causa
(RSA).

Metodi: un totale di 200 donne; 100 pazienti con RSA e
100 controlli sono stati arruolati in modo sequenziale.
Le distribuzioni genetiche delle due varianti dei geni di
IL-17A, IL-17F e IL-23R sono state rilevate da una
reazione a catena della polimerasi in tempo reale
utilizzando la sonda Tagman.

Risultati: i risultati hanno dimostrato una differenza
significativa della distribuzione genetica di IL-17F
(7488 T/C) tra le pazienti con RSA e i controlli, con
riferimento ai genotipi TT omozigoti (x2=144, p=0,001),
CC omozigoti (x2=113, p=0,001) e TC eterozigoti
(x2=8.87, p=0.003), che sono risultati significativamente
associati con una frequenza diversa del fenotipo allele
T (x2 = 65.35, p=0,001) e allele C (x2 = 100.90, p=0,005),
il che implica che I'iL-17F del gruppo con RSA
appartenga ad una popolazione diversa e/o ha subito
nel tempo una mutazione in questo gruppo di donne
saudite. L’odds ratio per i genotipi TT, TC e CC erano
rispettivamente 0.01, 53.08 e 12.24. L'odds ratio per
gli alleli T e C erano rispettivamente 0.05 e 35.53. Per
quanto riguarda IL-17A (G-197A) il genotipo omozigote
AA era significativamente il pit1 frequente nel gruppo
con RSA (x2=4.92, p=0.026). Per IL-23 (1142 G/A),
I'omozigosi GG era significativamente pit alta nelle
pazienti con RSA (x2=5.364.92, p=0,021).

Conclusioni: sulla base di questi risultati si puo
concludere che le varianti genetiche di IL-17 e IL-23 sono
coinvolte nello sviluppo di RSA nelle donne saudite.
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INTRODUCTION

Recurrent spontaneous abortion (RSA) is
defined as three or more consecutive pregnancy
losses, before the 20th week of gestation®?. It was
estimated by the World Health Organization that
each year 42 million of miscarriages (22 million
safely and 20 million unsafely) occur in the world
population. Ministry of Health (MOH) in Saudi
Arabia reported 274012 cases during the 2001-2009
period, that is considered very high.

Several factors have been implicated in
the etiology of miscarriage, these include
uterine abnormalities, infections, genetic
factors, environmental factors, thrombophilia,
endocrine, metabolic and immunologic maternal
pathologies®®. However, etiology remains
unexplained in almost 50% of RSA cases.

The supposed mechanism of RSA related to
uterine malformations is the poor blood supply
and the sex hormone receptors deficiency of
the septum, which causes abnormal uterine
contraction with subsequent fetal wastage and
abortion®. (Hussain, 2003). Sex steroid hormones,
including estrogen and progesterone, have been
considered as important substances to maintain
pregnancy. Recently, some studies have clarified
that the effect of these hormones is mediated
by cytokines”. Gynecological infections, like
bacterial vaginosis, and Chlamydia trachomatis
are involved in RSA.® Also chromosomal
abnormalities have been implicated in the etiology
of RSAC10),

During pregnancy, the immunologic system
plays a crucial role that ensures normal pregnancy
development and prevent the development of
complications. Pregnancy requires strict temporal
regulation of maternal immune function to
accommodate fetus growth. Early implantation
is facilitated by immunologic processes to ensure
adequate vascular remodeling and placental
invasion and prevent fetal rejection''%. Recently,
immune pathways have been implicated in the
pathophysiology of RSA. Immune tolerance of the
fetal-placental unit and placental angiogenesis are
mandatory for a successful pregnancy outcome®1>.

In early pregnancies, women who miscarry
have high plasma levels of pro-inflammatory
cytokines, while levels of anti-inflammatory
cytokines are lower compared to women who
maintain their pregnancy?!#1¢1%. Clearly maternal
lymphocytes in the uterus are expected to be in a
state of immunosuppression in order to accept
embryos as semiallografts, hence, cytokines play
an important role in this process. In human studies,
dominant Th1l immune responses in peripheral
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blood lymphocytes have been documented, it
reflects the systemic contribution of Thl cytokines
to RSA and in multiple implantation failures
in IVF cycles®2). Enhanced uterine expression
of pro-inflammatory cytokines such as tumor
necrosis factor (TNF-a), interferon-gamma
(IFN-y), IL-1p, and IL-6 is associated with embryo
loss®2).  Antiinflammatory cytokines such as
IL-10 seem to protect against inflammation-induced
miscarriage®2¥.

From implantation until the end of a term
pregnancy, the interaction between pro- and
anti-inflammatory cytokines (IL-10 seems to be
the key-cytokine) is fundamental, to promote
normal pregnancy outcomes. Recent findings in
healthy pregnancies show a global reduction of
proinflammatory cytokines, such as TNF-a, IL-1f3,
and IL- 6, and an increase of counterregulatory
cytokines, such as IL-10.

In view of the studies summarized above,
genetic variants of these cytokines are associated
with an increased susceptibility to certain
inflammatory and infectious diseases. Genetic
polymorphisms are reported in various cytokines,
including TNF-a, TNF-f, IFN- vy, IL-4, IL-10 and
IL-6422%29 The hypotheses of genetic contribution
to Thl propensity has been raised, but there are
limited evidences of the involvement of cytokines’
genetic polymorphism in RSA.

It is often hard to understand the role of genetic
contribution, especially in immune regulation
during pregnancy, because multiple cytokines are
involved in immunopathology and each cytokine
may have multiple polymorphisms or variants®.

Cytokines IL-17A and IL-17F are known as
pro-inflammatory and IL-23 receptor (IL-23R) are
known as a check point of inflammation, however,
their genetic polymorphisms in the unexplained
recurrent spontaneous abortion in Saudi Arabian
women have not been explored yet.

The aim of the present study was to evaluate
the association of IL-17 F, IL-17A and IL-23R
polymorphisms in Saudi female patients with
unexplained RSA, matched with a healthy control

group.

MATERIALS AND METHODS:
Participants - Participants were 200 women
aged 18-45 years, with unexplained RSA,
consecutively referred to the abortion clinic of
King Khaled University Hospital in Riyadh, Saudi
Arabia. The protocol of the present study was
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approved by the IRB at King Khalid University
Hospital and by the Ethical Committee of King
Saud University. An informed consent was
obtained for each participant.

Study Design - A prospective case-control
study was conducted using two female groups.
Patients with unexplained recurrence of
spontaneous abortion (RSA) were identified
sequentially as case group, hence designated as
RSA-group. A second group, served as control
group. The inclusion and exclusion criteria for
both groups were outlined as follows:

RSA- Group - hundred women age 18-45
years and BMI 25-30 with unexplained RSA
attending the outpatient clinic for abortion, at
the Department of Obstetrics and Gynecology at
the King Khalid University Hospital of Riyadh.
The inclusion criteria were: minimum of three
miscarriages, negative anatomical, hormonal,
infective (CMV, toxo, rubella, HBV, HCV, HIV),
immunological and chromosomal tests for
RSA. Women with RSA in whom the cause of
miscarriages was known, were excluded from the
study.

Control Group - The control group consisted
of 100 healthy Saudi females, recruited from
King Khalid University Hospital, with the same
demographic characteristics (age 18-45 years and
BMI 25-30), with no abortion in their anamnesis
and at least two successful pregnancies.

DNA Quantification - DNA was extracted
from whole periferal blood using “Puregene DNA
purification kit”. The concentration and purity
of each DNA samples were determined using a
spectrophotometer (NanoDrop 2000). From each
sample 100 pl working DNA (50ng/ ul) will be
labeled and stored at 4°C or - 20° C.

Genotyping Assays - The “TaqMan” assay was
used in order to detect SNPs in DNA extracted
from samples. Specific primers and probes for
the TagMan genotyping method were used
(Applied Biosystems) for both SNPs and were
used according to the manufacturer’s instructions.

Statistical analysis - Descriptive measures and
correlation matrix were generated to describe the
bivariate linearity among variables of interests
by Pearson Product moment correlation (r). CHI
square test was carried out to determine the
differences in frequency of the RSA and control
group. The odd ratio was calculated to examine the
association between genotype and the phenotype
characteristics. P value of 0.05 was adopted as
the level of significancy. All statistical analyses
were conducted using SPSS program version 20.

Afrah Fahad Alkhuriji

RESULTS

Demographic and Clinical Characteristics
of Patients - The results of independent t-Test
showed that there were no significant differences
(p<0.05) in mean age, height, weight and BMI
among the two groups of patients (Table 1).
However, the means of the number of pregnancies
and the number of abortion were significantly
(p<0.05) higher in the RSA-group, compared to the
control group. On the contrary, the mean number
of children was significantly (p<0.05) less in the
RSA-group compared to the control group.

Table 1.
Results of Independent t-Test of Demographic and Clinical Features
of RSA-group and Control Group.

Parameter RSA-patients Control P
Meant+SEM | Mean*SEM | value
Age (yrs) 33.20+0.629 33.10+£0.733 0.085
Height (m) 156.9240.814 | 158.48+0.546 | 0.970
Weight (kg) 72.90+1.821 70.50+1.517 | 0.642
BMI (kg/m?) 29.34+0.593 28.28+0.614 0.472
No. of pregnancies 6.40+0.325 3.60+0.171 | 0.0001*
No. of children 1.95+0.201 3.60+0.171 0.002*
No. of abortions 4.48+0.244 0 0

*p<0.05

I1-17A Gene - The prevalence of Il-17A gene
(G-197A) polymorphism was determined for both
groups. The frequency of allele A was 0.275 in
RSA-patients and 0.18 in controls. The number of
patients with G/G, G/ A and A/ A genotypes were
56 (56%), 33 (33%) and 11 (11%) in RSA-group, and
67 (67%), 30 (30%) and 3 (3%) in controls. Overall,
the distribution of G/G homozygote and G/A
heterozygote don’t differ significantly among
patients with unex-plained recurrent spontaneous
abortions and healthy control subjects, (P= 0.109)
and (p=0.647) respectively, but differs significantly
regarding the distribution of A/A homozygote
(P=0.026). Results are summarized in Table 2.

Table 2.
IL-17A Genotype and Allele Frequencies in RSA-Group and Control group

IL-17A (-197) G/A
Genotype | Control RSA Control vs. Patients
No. (%) No. (%) OR CI 2«2 p-value
GG 67 (67%) 56 (56%) 0.63 035-1.11 2.555 0.109
GA 30 (30%) 33 (33%) 115 0.63 -2.09 0.209 0.647
AA 3(3%) 11 (11%) 4.00 1.08 -14.8 4.916 0.026
Total 100 100
Allele Control RSA Control vs. Patients
(Freq) (Freq) OR I 22 p-value
G 0.82 0.725 0.58 0.31-1.09 2.899 0.088
A 0.18 0.275 145 0.84 -2.48 1.803 0.179
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I1-17F Gene - The prevalence of II-17F gene
(7488 T/C) polymorphism was determined for
both groups. The frequencies of C alleles were
0.545 in RSA-patients and 0.03 in controls. The
number of T/T, T/C and C/C genotypes were 5
(5%), 84 (84%) and 11 (11%) in RSA-patients, and
90 (90%), 9 (9%) and 1 (1%) in controls. Overall, the
distribution of the various genotypes of 11-17 gene
(+7488) T/C significantly differ among patients
with RSA and healthy control subjects (P=0.001
and p=0.005 respectively).

Results are summarized in Table 3.

Table 3.
IL-17F Genotype and allele frequencies in RSA-patients compared to the
control group.

IL17F (7488 T/C)

Genotype | Control RSA Control vs. RSA
No. (%) | No. (%) OR CI 2 p-value
T 90 (90%) | 505%) 001 | 001-003 | 1448 | 0001

TC 9(9%) 84 (84%) 53.08 22.2-1365 113.0 0.001
cC 1(1%) 11 (11%) 12.24 1.55-96.68 | 8.865 0.003
Total 100 100

Allele Control RSA Control vs. RSA
(Freq) (Freq) OR o 2 praps

T 0.97 0455 0.05 0.02 - 0.012 65.35 0.001
C 0.03 0.545 36.53 14.9-89.2 100.9 0.005

I1-23R Gene - The prevalence of I1-23R gene
(1142 G/A) polymorphism was determined for
both groups. The frequency of allele A was 0.535 in
RSA-patients and 0.435in controls. The number of
patients with G/G, G/A and A/A genotypes was
10 (10%), 73 (73%) and 17 (17%) in RSA-group, and
22 (22%), 69 (69%) and 9 (9%)in controls.

Overall, distribution of the various genotypes of
11-23 gene (+1142 G/ A) differ significantly among
RSA-patients and healthy control sub—jects
regarding G/G homozygosity (P= 0.02) and
(p=0.058) for allele A distribution.

Results are summarized in Table 4.

Table 4.
IL-23R  Genotype and Allele Frequencies in RSA-Patients and Control
Groups

TL 23R (1142 G/A)

Genotype | Control RSA Control vs. RSA
Na-.{4t) Mo (16} OR CI 2 p-value
GG | 22(22%) | 10(10%) | 039 | 015-088 | 5357 | 0.02L
GA 69 (69%) 73(73%) 1.21 0.66-2.24 0.389 0.533
AA 9(9%) | 17(17%) | 207 | 085 490 | 2829 | 0092
Total 100 100

Allele Control RSA
(Freq) (Freq)

Control vs. RSA

OR CI 2 p-value
G 0.565 0.465 0.67 041-1.09 2.646 0.103
A 0.435 0.535 2.30 0.94 - 5.62 3.402 0.058
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DISCUSSION AND CONCLUSION

Findings of the present study showed different
genetic distribution of pro-inflammatory cytokines
(IL-17A, IL-17F) and inflammatory mediator
(IL-23R) in RSA-women in Saudi Arabia. These
genetic variants might provide the early molecular
causes of maternal immunological rejection of
the fetus. It was reported that T helper 17 (Th17),
T regulatory (Treg) cells and their cytokines
are the main players of immunomodulation
in peripheral blood lymphocytes during the
early phase of pregnancy®. The percentage
of TH17 cells correlates with IL-23, IL-6 and
IL-17, so with their expression. IL-6 gene should
be correlated with IL-17. It was shown that the
levels of TH17 cells were relatively enriched in
the decidua of RSA patients, suggesting that
TH-17 cells could play a key role in pregnancy
immunological rejection®).

The cytokine IL-17 is secreted by TH17
cells and it's known to have a major role in
angiogenesis and immune regulation.® IL-
17 is localized in both cyto- and syncytio-
trophoblasts® and its expression by CD4+
T-cells was found higher in RSA-patients
compared with normal pregnancies®-?
IL-23 is a pro-inflammatory cytokine that exerts an
adverse effect on pregnancy@.

Normally, during pregnancy, the normal
dominant T-helper (TH)-1 that induces
inflammatory immune response by TNF and
interferon is switched to a TH2 that by interleukin
IL-4 and IL-10 leads a particular immune response
that permits induction of maternal immune
tolerance to the allogenic fetus and assures a
successful implantation®.

Previous studies showed that the proportion
of TH17 (CD4+IL-17A+) cells in peripheral blood
and decidua were higher in RSA-patients than in
normal pregnant women®.

Regarding the context of pregnancy, Treg and
TH-17 cells are two lymphocytes with opposing
actions. In normal pregnancy, Treg cells prevent
generation of an immune response against fetal
tissues and a decrease in the number of Treg cells
is associated with abortion®?%-%)_ In contrast, TH17
cells promote inflammation, increased levels of this
lymphocyte - accompanied by a decrease in Treg
cell levels - were reported to occur in association
with unexplained RSA®"). Determining regulatory
mechanisms that suppress TH17 cells might lead
to novel approaches in the prevention of RSA.
IL-23 has been linked with TH17 cell response,
mainly through its effects on the expansion
and maintenance of these cells®®%). In addition,
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IL-23 is also involved in the differentiation and
maintenance of CD4+ TH17 and CD8+ TC17
cells®42 TL-17 and IL-23 are inducers of
inflammatory response mediated by TH17 cells
and were found high in RSA-patients(1828333743-46)
Considering that different genetic variants of
the IL-23R have been repeatedly implicated in a
number of other pathologies.
Some studies also indicated that the A allele
frequency of R381Q was lower in ankylosing
spondylitis (AS) patients than in healthy controls®?.
The main difference between the two groups
in our study regard IL-17F, results showed a
significant difference of genetic distribution
(7488 T/C) between RSA-patients and controls,
with respect to homozygous TT (x2 = 144,
p=0.001), homozygous CC (x2 =113, p=0.001) and
heterozygous TC ( x2 = 8.87, p=0.003) genotypes.
In association a significant different frequency
of the phenotypic allele T (x2 = 65.35, p=0.001)
and allele C (x2 = 100.90, p=0.005) were found.
These results implying that IL-17F of RSA-group
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IL-23R could be involved in the development of
unexplained RSA in Saudi Arabian women. Other
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