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Abstract— Polycystic Ovary Syndrome (PCOS) is a prevalent
endocrine disorder characterized by a range of reproductive,
metabolic, and immune irregularities. Emerging evidence suggests
that infectious agents can contribute to the pathogenesis of PCOS,
particularly through immune dysregulation. Toxoplasma gondii,
an intracellular protozoan parasite, has been implicated in various
immune-mediated disorders. Toll-like Receptor 5 (TLR-5), a key
component of the innate immune system, plays a pivotal role in
recognizing pathogen-associated molecular patterns, including
those from T. gondii. This article explores interplay between TLR-
5 single nucleotide polymorphisms (rs5744168, rs5744174) and
susceptibility to T. gondii and the potential implications for PCOS
development. A case- control study of 150 sample patient divided
into four groups, amplification-refractory mutation system
(ARMS PCR) was used to examine these SNPs. rs5744168 shows a
significant difference between PCOS+ toxoplasmosis and
toxoplasmosis only with control group. Also, rs5744174 revealed a
significant difference between toxoplasmosis patients and control
group. Therefore, women that have both SNPs (rs5744168,
rs5744174) in TLR-5S become more susceptible to infection with
toxoplasma gondii.

Index Terms— TLR-S, rs5744168, rs5744174, Polycystic Ovary
Syndrome.

I. INTRODUCTION

Toxoplasmosis typically remains asymptomatic in individuals
with a fully functional immune system; however, in
immunocompromised individuals, it can lead to severe or even
fatal complications [1]. Toxoplasmosis is attributed to
Toxoplasma gondii (T. gondii), an obligate intracellular
parasite that holds the distinction of being recognized as one of
the most prevalent global parasites [2]. Toll-like receptors
(TLRs) represent transmembrane receptors that exert a pivotal
role in orchestrating both innate and adaptive immune
responses. They serve as crucial regulators of inflammatory
processes and activation of immune cells aimed at eliminating
infectious pathogens and malignant cells [3]. To date, the
human repertoire comprises ten distinct types of TLRs, each
specialized in the recognition of diverse pathogens and/or
molecules [4]. Profilin, a pathogen-associated molecular
pattern (PAMP) originating from T. gondii, is capable of
eliciting recognition by receptors located on dendritic cells and
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macrophages. This recognition subsequently triggers cellular
activation and provokes the release of proinflammatory
cytokines such as interleukin IL-6 and IL-12 [5]. Notably, it has
been experimentally established that the activation of TLR-11
by profilin results in robust protein production by mouse
dendritic cells. However, it is important to note that the human
TLR-11 gene contains numerous stop codons, preventing the
transcription of a functional protein [6]. Interestingly, within
the TLR phylogenetic tree, there exists an ancient cluster
encompassing both human TLR-5 and mouse TLR-11.
Consequently, it is hypothesized that human TLR-5 may have
retained the biological function of mouse TLR-11 and plays a
role in mediating the recognition of T. gondii profilin [7,8].
particularly, the ectodomain of human TLR-5 features shared
binding sites for both flagellin and profilin [8]. TLR-5 is
encoded by gene comprising six exons situated on the extended
arm of human chromosome 1 (hChlq). Notably, this gene
exhibits nine documented potential variations in its promoter
and coding regions [9]. In T. gondii infection, inflammatory
monocytes respond by triggering the production of pro-
inflammatory cytokines, including IL-1 and IL-1fB, through
TLR-5 and MyDS88 signaling pathways. This multifaceted
cytokine response contributes to inflammation, subsequently
impacting processes associated with ovulation, implantation,
and fertilization [10,11]. Researchers Zangeneh et al.
emphasized the pivotal role of immunity in the fertilization and
implantation of eggs within the uterine environment [12].
Additionally, Escobar-Morreale and colleagues identified
factors influencing pro-inflammatory responses and linked
them to a correlation with the HPA (Hypothalamus Pituitary
Adrenal) axis, which regulates adrenal steroid genesis [13].
Polycystic ovary syndrome (PCOS) is characterized by an
abnormal elevation in androgens, especially the male sex
hormones testosterone that found in women in limited
quantities. The term "polycystic ovary syndrome" denotes the
presence of multiple small cysts, or fluid-filled sacs, forming
within the ovaries [14]. Research in the field of reproductive
biology has revealed that pro-inflammatory cytokines, such as
TNF-q, IL-6, and IFN-y, exert an influence on ovarian function
as well as the key processes of ovulation, fertilization, and
implantation in individuals with PCOS. Conversely, anti-
inflammatory cytokines, including IL-10 and IL-1, play a role
in modulating the inflammatory state associated with PCOS
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[15].

This research aimed to:

e Study the association between TLR-5 gene polymorphisms
and the susceptibility to toxoplasmosis and PCOS in a sample
of infected women.

II. MATERIALS AND METHODS

The study was approved by the Institutional Review Board
(I.R.B.) in the Al-Nahrain University College of Medicine (in:
22-Nov.-2021). The present Case-control study was conducted
on a total of 150 women grouped as the following :

e Polycystic ovary syndrome women with Toxoplasmosis (25
cases)

e women with PCOS without toxoplasmosis , (25 cases)

e women with toxoplasmosis without PCOS, (25 cases)

e control group (apparently healthy) (75 sample)

A. Inclusion criteria

Healthy female 18 years of age or over (as control group),
female with PCOS and Toxoplasmosis, female with PCOS
only, female with toxoplasmosis only.

B. Exclusion criteria

Female with ovarian cancer or other chronic diseases (ex.
Diabetes mellitus and Hypertension), pregnant and Breast-
feeding female, female with other Gynecological diseases (ex:
Endometriosis, Uterine fibroids).

C. Sample collection

Five ml of whole venous blood was taken from each patient,
and patients information was taken from the data recorded. Two
ml was collected in an ethylene diamine tetra acetic acid
(EDTA) tube for extraction of DNA. The other three ml of
blood collected in plain gel tube for separation of serum and
the Samples collected in the period from January 2022 to June
2022 from Obstetrics and Gynecology Department of
Kadhimiya Teaching Hospital, in Baghdad province.

Women participating in the study were already diagnosed with
PCOS and investigated for the presence of anti-T. gondii IgG
by rapid chromatographic immune technique and confirmed by
ELISA technique. The selected SNPs TLR-5 (rs5744174,
1s5744168) were detected by using amplification-refractory
mutation system (ARMS PCR) with specific primers.

D. Statistical Analysis

SPSS software version 25.0 was used for statistical analysis
(SPSS, Chicago). The normality test (Shapiro Wilk test) was
performed on continuous data. Information with normally
distributions were provided as mean and standard deviation and
evaluated using the Student t-test. Non-normally distributed
data were presented as median and range and analyzed using
the Mann Whitney U test (for two-group comparison) or the
Kruskal Wallis test (for three groups comparison). Categorical
variables had been recorded as numbers and percentages were
examined using the Chi-square test, statistically significant
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difference was defined as a p-value less than 0.05.

II. RESULTS

A. Age Distribution of the Study Population

The mean age of women with PCOS+Toxoplasmosis was
27.1246.47 years which did not differ significantly from that of
women with PCOS (28.44+5.45 years), women with
toxoplasmosis (28.68+6.41 years) of controls (27.0+5.56 years)
as shown in figure -1.
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Figure -1: Age distribution of the study population.

B. TLR-5rs5744168 polymorphism

This polymorphism appeared in two genotypes only: GG and
AG in all study groups as shown in Figure -2.
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Figure -2: Gel electrophoresis of TLR-5 rs5744168 gene amplified ARMS
method. The PCR products were stained with ethidium bromide. M: molecular
marker.

The frequency of different genotypes of this SNP was identical
between women with PCOS+toxoplasmosis and those with
toxoplasmosis only. Thus, the two groups were merged with
each other in all tables.

A comparison between women with PCOS+toxoplasmosis/or
toxoplasmosis only with those with PCOS only revealed no
significant difference in the frequency of genotypes and alleles
(Table -1).

Table -1: Genotypes and alleles TLR-5 rs5744168 in women with PCOS/or
toxoplasmosis/or toxoplasmosis and those with PCOS.

rs5744168 PCOS+Tox/or PCOS P-values OR(95%Cl)
toxo (n=25)
(n=25)
Genotypes
GG 19(76%) 22(88%) 0.278 1.0
AG 6(24%) 3(12%) 2.32(0.51-10.54)
HWE 0.820 0.438
Alleles
G 44(88%) 47(94%) 0.303 1.0
A 6(12%) 3(6%) 2.14(0.51-9.07)
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However, women with PCOS+toxoplasmosis/or toxoplasmosis
only displayed higher frequency of AG genotype than controls

TABLE -4: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN
WITH PCOS+TOXOPLASMOSIS AND THOSE WITH PCOS.

. e g Rs5744174 PCOS+T PCOS P-val OR(95%CI
(24% vs. 5.33%) with a significant difference (OR= 5.61, ° (0e25) (h25) value es%ch
95%ClI= 1.43-21.9, p =0.013). Moreover, allele A was more Genotypes
: : : : cc 9(36%) 12(48%) 0.504 | 1.0
common  in  patients with PCOS+t0x0plasmo§15/or o 13(50%) | 12(a8%) 0262 | 2.0(0.35-45.1)
toxoplasmosis only (12%) than controls (2.67%) with a ™ 3(12%) 1(4%) 0.405 | 2.77(0.25-30.38)
significant difference (OR= 5.0, 95%CI= 1.34-18.43, p =0.016) EWE, — 0605 0.331
. ominant mode
as shown in table -2. ccHCT 22(88%) | 24(96%) 0320 |1.0
in 3(12%) 1(4%) 3.27(0.32-33.83)
TABLE -2: GENOTYPES AND ALLELES TLR-5 RS$5744168 IN WOMEN Recessive model o36%) | 12(48%) 0391 | 1.0
WITH PCOS/OR TOXOPLASMOSIS/OR TOXOPLASMOSIS AND TreCT 16(64%) | 13(52%) 1.64(0.53-5.09)
CONTROLS. Alleles
rs5744168 PCOS+Tox/or Controls P-values OR(95%Cl) c 31(62%) 36(72%) 0.289 | 1.0
toxo (n=75) T 19(38%) 14(28%) 1.58(0.68-3.65)
(n=25)
Genotypes
pk 19(76%) 70867% | 0013 10 TABLE -5: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN
AG 6(24%) 4(5.33%) 5.61(1.43-21.9) WITH PCOS+TOXOPLASMOSIS AND THOSE WITH
HWE 0.820 0.804 TOXOPLASMOSIS.
Alleles Rs5744174 PCOS+Tox Toxo P-value OR(95%Cl)
G 44(88%) 146(97.33%) 0.016 1.0 (n=25) (n=25)
A 6(12%) 4(2.67%) 5.0(1.34-18.43) Genotypes
cc 9(36%) 7(28%) 0.536 1.0
. . . . cr 13(52%) 12(48%) 0.790 1.19(0.34-4.19)
A comparison between women with PCOS with those with T 3(12%) 6(24%) 0.277 2.57(0.47-14.1)
controls revealed no significant difference in the frequency of AWE 0.605 0332
11 1 T bl 3 Dominant model
genotypes and alleles (Table -3). cc+CT 22(88%) 19(76%) 0.278 1.0
T 3(12%) 6(24%) 2.32(0.51-10.54)
TABLE -3: GENOTYPES AND ALLELES TLR-5 RS5744168 IN WOMEN Rcec‘e““’e model o(36%) 7(28%) 0.545 10
WITH PCOS/ AND CONTROLS. TT+CT 16(64%) 18(72%) 1.45(0.44-4.78)
rs5744168 PCOS Controls P-values OR(95%Cl) Alleles
(n=25) (n=75) c 31(62%) 26(52%) 0.313 1.0
Genotypes T 19(38%) 24(48%) 1.51(0.68-3.34)
GG 22(88%) 71(94.67%) 0.270 1.0
AG 3(12%) 4(5.33%) 2.42(0.50-11.65)
HWE 0.438 0.800 TABLE -6: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN
Alleles WITH PCOS+TOXOPLASMOSIS AND CONTROLS.
G 47(94%) 146(97.33%) 0.279 1.0 Rs5744174 PCOS+Tox Controls P-value OR(95%Cl)
A 3(6%) 4(2.67%) 2.33(0.50-10.79) (n=25) (n=75)
Genotypes
cc 9(36%) 33(44%) 0.493 | 1.0
C. TLR-51rs5744174 polymorphism cr 13(52%) | 38(50.67%) 0235 |2.75(0.52-14.58)
) . ) T 3(12%) 4(5.33%) 0.343 | 2.19(0.43-11.12)
This polymorphism had three genotypes: CC, CT and TT in all HWE 0.605 0.097
. Dominant model
study groups (Figure -3). cc+CT 22(88%) 71(94.67%) 0.270 | 1.0
T 3(12%) 4(5.33%) 2.42(0.51-11.65)
Recessive model
cc 9(36%) 33(44%) 0.484 | 1.0
TT+CT 16(64%) 42(56%) 1.4(0.55-3.56)
1 2 3 45 6 7 M 8 9 10 11 12 Allolos
[« 31(62%) 104(69.33%) 0339 | 1.0
T 19(38%) 46(30.67%) 1.39(0.71-2.7)

Figure -3: Gel electrophoresis of TLR- rs5744174 gene amplified ARMS
method. The PCR products were stained with ethidium bromide. Lanes
1,2,6,10,and 11: CT genotype, lanes 3,4,and 9: TT genotype, lanes 5,8 and 12:
CC genotype. M: molecular marker.

The frequency of different genotypes and allele were
comparable between: women with PCOS+toxoplasmosis and
those with PCOS; women with PCOS+toxoplasmosis and
those toxoplasmosis; women with PCOS+toxoplasmosis and
controls; and women with PCOS and controls with no
significant difference (tables -4, 5, 6 and 7).
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TABLE -7: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN

WITH PCOS AND CONTROLS.
Rs5744174 PCOS Controls P-value OR(95%Cl)
(n=25) (n=75)

Genotypes

cc 12(48%) 33(44%) 0.923 |1.0

cT 12(48%) 38(50.67%) 0.765 |1.15(0.46-2.91)
T 1(4%) 4(5.33%) 0.748 | 1.45(0.15-14.34)
HWE 0.341 0.097
Dominant model

CC+CT 24(96%) 71(94.67%) 0.792 | 1.0

T 1(4%) 4(5.33%) 1.35(0.14-12.7)
Recessive model

cc 12(48%) 33(44%) 0.728 | 1.0
TT+CT 13(52%) 42(56%) 1.17(0.47-2.91)
Alleles

C 36(72%) 104(69.33%) 0.722 | 1.0

T 14(28%) 46(30.67%) 1.14(0.56-2.31)




5" International Conference on Biomedical and Health Sciences, (CIC-BIOHS 2024)

However, women with toxoplasmosis demonstrated higher
frequency of TT genotype (24%) than those with PCOS (4%)
with a significant difference (OR= 10.3, 95%CI= 1.02-103.9,
p= 0.048). At allelic level, the T allele was more common
among women with toxoplasmosis than those with PCOS (48%
vs. 28%) with a significant difference (OR= 2.37, 95%CI=
1.03- 5.44, p=0.041) as shown in table-8.

TABLE -8: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN
WITH TOXOPLASMOSIS AND WITH PCOS.

Rs5744174 PCOS Toxo P-value OR(95%Cl)
(n=25) (n=25)
Genotypes
cc 12(48%) 7(28%) 0.137 |1.0
cT 12(48%) 12(48%) 0.390 | 1.71(0.50-5.86)
i 1(4%) 6(24%) 0.048 | 10.3(1.02-103.9)
HWE 0.341 0.332
Dominant model
CC+CT 24(96%) 19(76%) 0.071 |1.0
T 1(4%) 6(24%) 7.58(0.84-68.46)
Recessive model
cc 12(48%) 7(28%) 0.251 |1.0
TT+CT 13(52%) 18(72%) 1.96(0.62-6.19)
Alleles
[« 36(72%) 26(52%) 0.041 | 1.0
T 14(28%) 24(48%) 2.37(1.03-5.44)

Finally, women with toxoplasmosis demonstrated higher
frequency of TT genotypes than controls (24% vs 5.33% with a
significant difference (Or= 4.75, 95%CI= 1.15-19.69, p
=0.032). This polymorphism seems to act in dominant model
as the frequency of CC+CT genotype was more common
among women with toxoplasmosis than controls with a
significant difference (OR= 5.6, 95%CI= 1.43-22, p= 0.013).
At allelic level, the T allele was more common among women
with toxoplasmosis than controls (48% vs. 30.67%) with a
significant difference (OR=2.09, 95%CI= 1.08- 4.02, p=0.028)
as shown in table-9.

TABLE -9: GENOTYPES AND ALLELES TLR-5 RS5744174 IN WOMEN
WITH TOXOPLASMOSIS AND CONTROLS.

Rs5744174 Toxo Controls P-value OR(95%Cl)
(n=25) (n=75)
Genotypes
cc 7(28%) 33(44%) 0.036 |1.0
cT 12(48%) 38(50.67%) 0.011 | 7.07(1.57-31.86)
T 6(24%) 4(5.33%) 0.032 | 4.75(1.15-19.69)
HWE 0.332 0.097
Dominant model
CC+CT 19(76%) 71(94.67%) 0.013 | 1.0
inl 6(24%) 4(5.33%) 5.61(1.43-22.0)
Recessive model
cc 7(28%) 33(44%) 0.162 |1.0
TT+CT 18(72%) 42(56%) 2.02(0.75-5.41)
Alleles
[« 26(52%) 104(69.33%) | 0.028 | 1.0
T 24(48%) 46(30.67%) 2.09(1.08-4.02)

IV. DISCUSSION

The current study showed a significant association between the
TLR-5 gene polymorphism rs5744168 and women with
PCOS+toxoplasmosis/or toxoplasmosis only that displayed
higher frequency of AG genotype than controls (24% vs.
5.33%) (OR= 5.61, 95%CI= 1.43-21.9, p =0.013). Moreover,
allele A was more common in patients with
PCOS+toxoplasmosis/or toxoplasmosis only (12%) than
controls (2.67%) with a significant difference (OR= 5.0,
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95%CI=1.34-18.43, p =0.016).

These results disagree with Al-Baldawy AN et al 2022 who
revealed that there is no significant association between the
TLR -5 gene polymorphism rs5744168 with the susceptibility
to toxoplasmosis [16]. As a novel outcomes of studied SNP
there were no previous similar studies to compare the current
our results with PCOS patients.

TLR-5 signaling is inhibited when the SNP rs5744168 encodes
a stop codon at codon 392 (TLR5r392x) of the TLR-5, resulting
in truncation of the TLRS transmembrane signaling domain.
Because TLRS5 is normally a homodimer, the TLR5r392x
variation may also inhibit TLRS5 from assembling and
localizing, limiting immunological responses [17].

On the other hand, SNP rs5744174 in women with
toxoplasmosis demonstrated higher frequency of TT genotype
(24%) on both those with PCOS (4%) and controls (5.33%)
with a significant difference (OR= 10.3, 95%CI= 1.02-103.9,
p= 0.048) and (Or= 4.75, 95%CI= 1.15-19.69, p =0.032)
respectively. Regarding to this SNP it was the first study in Iraq
and globally that investigate the correlation of this SNP
(rs5744174) with both toxoplasmosis and PCOS.

The TLRS rs5744174 locus is situated within the coding region
of the gene, causing a Non-synonymous missense mutation.
This mutation replaces phenylalanine at the 616th position of
the TLRS protein with leucine. Polymorphisms within the genes
encoding Toll-like receptors (TLRs) can have diverse impacts,
including influencing gene expression levels, modifying
binding affinities, or altering downstream signaling pathways.
Consequently, these alterations in the primary defense
mechanisms can result in diminished immune responses and
potentially elevate vulnerability to infections [18].

V. CONCLUSION

It was concluded no significant correlation between the
heterozygous genotype (AG) and mutant allele (allele A) of
TLR-5 gene polymorphism rs5744168 and susceptibility to
PCOS in both two disecase groups (women with PCOS+
toxoplasmosis and PCOS only). While there was a significant
correlation between the heterozygous genotype (AG) and
mutant allele (allele A) of TLR-5 gene polymorphism
rs5744168 and susceptibility to Toxoplasmosis. Furthermore,
there was no significant correlation between the heterozygous
genotype (TT) and mutant allele (allele T) of TLR-5 gene
polymorphism rs5744174 and susceptibility to PCOS in both
two disease groups (women with PCOS+ toxoplasmosis and
PCOS only). Finally, there was a significant correlation
between the heterozygous genotype (TT) and mutant allele
(allele T) of TLR-5 gene polymorphism rs5744174 and
susceptibility to Toxoplasmosis.
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