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Abstract

Aim: Tobacco use is growing in all countries and is one of the greatest threats to current and future global health. The negative effect of tobacco use on
infertility has been examined in numerous studies. By examining the FKBP6 and XRCC1 genes, the research seeks to evaluate the contribution of polymorphisms
in these genes to the risk of infertility in smokers and investigate the correlation between smoking polymorphisms and infertility, especially in Saudi Arabia,
where such information is currently insufficient.

Materials and Methods: We included 25 smokers, 25 infertile men, and 25 age-, gender-, and ethnicity-matched controls in our study. We tested the hypothesis
by analyzing the genotypes for two single nucleotide polymorphisms (rs3750075) in the FKBP6 and (rs25487) in the XRCC1. Chemiluminescent immunoassay
technology assessed whether the two SNPs contribute to circulating hormones.

Results: The results indicate that smoking does not significantly affect the Fkbp6 (rs3750075) gene. Every single sample was normal (C/C). In contrast, there
were changes in XRCC1 (rs25487) between groups, but compared to C/C or C/T, there was less T/T, which is normal, between groups.

Discussion: Our results suggest that genetic polymorphisms in the XRCC1 gene may explain the risk of the influence of smoking on infertility.
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Introduction

Tobacco use and its complications cause more than 8 million
deaths annually worldwide. Although global tobacco use has
steadily decreased, the number of smokers has remained
constant due to population growth. Nevertheless, the efforts
to reduce tobacco demand and related mortality and illness are
falling short of the global and national promises to cut tobacco
use by 80% by 2025 [1]. In Saudi Arabia, the overall prevalence
of tobacco use is 26.3% [2].

Smoking adversely affects male sex and reproductive hormones,
which are significantly lower in male smokers compared
to nonsmokers [2]. Qutub and others reported that a study
conducted on infertile males attending infertility clinics in Jeddah
showed a negative correlation between smoking tobacco and the
production of testosterone hormones related to reproduction
[3]. Also, smoke affects the secretion of the follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) from the anterior
pituitary gland [4]. These disruptions can significantly impact
testosterone synthesis and spermatogenesis.

Heredity plays a role in smoking behavior [5]. Certain gene
variants may be useful biomarkers for identifying individuals
susceptible to DNA damage. Oxidative stress and the production
of ROS are some of the harmful effects of cigarette smoking.
However, ROS-induced polymorphism damages the sperm
genome, increasing the risk of infertility [6]. The XRCC1, which
has 17 exons and 16 introns and is found on 19q13.2, encodes
the XRCC1 protein [7]. A study suggests that the gene may be
involved in repairing DNA damage during spermatogenesis [8].
However, there are no studies investigating the correlation
between XRCC1 with smoking and infertility. FKBP6 (FK506-
binding protein 6) is a 327 amino acid protein that plays
a role in protein folding by accelerating the process [9].
Furthermore, pathogenic mutations of the FKBP6 are essential
for azoospermia [10].

By examining the FKBP6 and XRCC1 genes, the research seeks
to evaluate the contribution of polymorphisms of the FKBP6
and XRCC1 genes to the risk of smoking and infertility and
investigate the correlation between the polymorphisms of
smoking and infertility, especially within the context of Saudi
Arabia, where such information is currently insufficient.

Material and Methods

Subject

A total of 75 men between the ages of 19 and 60 were selected
and divided into three groups: Control (C) group (n=25), which
are non-smokers and have no problem with fertility; the Infertile
(Inf) group (n=25), has fertility issues diagnosed by the Health
Service Administration Department at King Abdulaziz University
and the Health Plus Fertility and Women Health Center in Jeddah,
but who are not smokers; and the Smokers (S) group (n=25),
which are smokers but don’t have fertility issues. Study subjects
provided information on their body mass index, age, medical,
nutrition, and smoking history using structured questionnaires
[11,12,13].

Anthropometric Measurement And Biochemical Analyses
Avenous blood sample was taken to a plain test tube to measure
the level of the following sexual hormones: testosterone,
prolactin, FSH, and LH. Abbott kits were used to analyze

hormone samples.

DNA Extraction and FKBP6 and XRCC1 Genotyping

Venous blood samples were obtained into an EDTA tube for
DNA extraction using QlAamp® DNA Mini and Blood Mini
kits. All DNA sample concentrations were measured using the
Thermo Scientific NanoDrop 2000 Spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA) to determine the purity
of the samples. The regions of interest within the applied gene
(FKBP6 and XRCCT) will be amplified using the polymerase
chain reaction technique.

Using the run method described in the Haven® SNP Genotyping
Assays user guide, we employed thermocycling conditions in an
Applied Biosystems StepOnePlusTM RealTime PCR system to
amplify the extracted DNA. A final volume of 10 pl was achieved
in each PCR reaction by adding 20 ng of extracted DNA, 5.0 IL
TagMan Master Mix (2x), 0.5 IL primers and probes (20x), and
Nuclease-Free Water. PCR products used Applied TagManTM
Genotyper Software to automatically determine genotypes and
display data.

Statistical Analysis

Statistical analysis was delivered by Python 3.11.4. The
hormonal analysis was delivered by Python version 3.8.8.
Ethical Approval

This study was approved by the Institutional Review Board
(Date: 2021-03-18, No: 08-CEGMR-Bioeth-2021), Saudi Arabia.

Results

a)Genotype Distributions and Allele Frequencies of the FKBP6
(rs3750075) and XRCC1 (rs25487) SNP

The whole distribution of genotyping for FKBP6 rs3750075
and XRCC1 rs25487 is examined in Table (3), 100% of samples
have a normal genotype of C/C for FKBP6 rs3750075, which
indicates there is no relationship between smoking and fertility.
In contrast, there is some variety of genotyping between
groups. Table (1) displays the genotypes and allele frequencies
of XRCC1 rs25487 SNP. The C allele at the XRCC1 polymorphism
was associated with a higher risk of infertility.

Moreover, it was clear that the majority in the (C) as well as
(S) groups are C/C, whereas in the (Inf) group, C/C and C/T are
nearly around 40% (11 (44%) and 9 (36%) respectively). The T/T
is about 20% in the (Inf) group and 4% and 8% in the (C) and
(S) groups, respectively.

When hormones are compared among different XRCC1 rs25487
types in Table 2, there were no significant differences among
the SNP types except the testosterone, which is significantly
lower in the T/T group. Moreover, the C/T has significantly
higher testosterone than the C/C.

A two-way ANOVA was proposed to check the difference when
different groups (C, Inf, and S) were considered along with the
SNP types. The interaction effect wasn't significant in hormones
(p-values of interaction: testosterone: 0.638, prolactin: 0.909,
FSH: 0.963, LH: 0.908).

Comparing Hormonal Changes Among Different Groups
Testosterone

In multiple comparison tests, there was no significant difference
between (C) and (Inf) groups. However, (S) had a higher mean
(21.1 £ 7.9) than the (C) group (16.3 + 6.9) and (Inf) group (16.4
+ 6.5).
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Table 1. Genotypes and allele frequencies of XRCC1 rs25487 SNP in different study populations

Genotypes C Inf S p-value OR RR

T 1(4%) 5(20%) 2(8%) 1.00 (Reference) 1.00 (Reference)
T 7(28%) 9(36%) 9(36%) 0.585 0.29(0.01-2.56) 0.68(0.39-1.18)
c/c 17(68%) 11(44%) 14(56%) 0.139 0.15(0.01-1.15) 0.47(0.26-0.84)
C/C+C/T 24(96%) 20(80%) 23(92%) 0.206 0.19(0.01-1.37) 0.55(0.34-0.88)
Alleles

T 18% 38% 25% 1.00 (Reference) 1.00 (Reference)
C 82% 62% 75% 0.074 0.36(0.14-0.8) 0.63(0.44-0.92)

* Can't be calculated due to very low frequency. OR: odd ratio

Table 2. Comparing hormone levels among different XRCC1 rs25487 genotypes

Parameter

Genotypes

Mean+STD

Median [Min: Max]

c/c 17.24+7.62 15.96[3.52:36.54]

Testosterone (@a) 22.33+7.78 20.19[10.94:38.72] 0.009
/T 14.32+5.14 14.83[8.16:24.46]
c/C 10.49+4.9 9.12[4.93:27.54]

PRL /T 10.36+4.38 9.67[5.4:22.75] 0.573
T/T 8.57+2.83 8.88[5.11:12.27]
c/c 4.49+7.38 2.96[0.52:48.24]

FSH T 3.87+1.83 3.44[1.54:10.26] 0.176
T/T 5.56+4.97 3.67[1.22:15.94]
c/C 3.68+1.72 3.56[1.28:10.55]

LH (@A) 3.66+1.32 3.4[1.61:7.64] 0.619
T/T 3.1+1.08 2.88[1.85:5.18]

Data are given as (Frequencies and percentages).[Min-max] =[Minimum: Maximum]. STD is the standard deviation

Table 3. Hormonal status among different groups

Hormone

*

p-value

. Normal 25 (100%)
Prolactin
Abnormal 0 (0%)
LH Normal 24(96%)
Abnormal 1(4%)
Normal 21(84%)
FSH
Abnormal 4 (16%)
Normal 22 (88%)
Testosterone
Abnormal 3 (12%)
Normal 18 (72%)
Final Score At least one Ab-
normal 7 (28%)

22 (88%) 23 (96%)
0.490 0.235 0.609
3(12%) 1(4%)
21(84%) 23 (96%)
>0.999 0.349 0.349
4(16%) 1 (4%)
22 (88%) 22 (92%)
0.667 >0.999 >0.999
3 (12%) 2 (8%)
25 (100%) 24 (100%)
0.235 0.235
0 (0%) 0 (0%)
16 (64%) 21 (88%)
0.289 0.762 0.544C
9 (36%) 3(13%)

* p-values are calculated by Fisher exact test unless denoted by C. ** p-value can't be calculated because two cells had zeros. C calculated by chi-square

independent test. The abbreviation ‘vs’ stands for ‘versus’

LH

LH was compared among (Inf) and (S) groups; there was a
significant difference (p-value = 0.049). LH showed a rise in the
(S) group. Furthermore, most of the subjects in (S) (more than
75%) have LH greater than 2.5 1U/I, whereas only 50% of the
(Inf) group are above this value.

FSH

There is a significant difference among groups. Where the
control group has lower FSH (2.4 + 0.8) than other groups (3.4 +
1.6 and 3.1 £ 1, respectively). Also, more than 50% of subjects
in the (S) and (Inf) group have FSH greater than 3 1U/I, whereas
the majority of subjects in the (C) group (more than 75%) have
FSH lower than this value.

Prolactin

There is a significant difference among the groups. The (inf)
group has significantly higher prolactin (10.9 + 3.8 ng/mL)
than other groups (8.7 + 2.7 ng/mL and 8.7 + 2.3 ng/mL,
respectively). Although the maximum level in the (Inf) group
was about 20 ng/dL, this level didn’t exceed 15 ng/dL in other
groups. About 25% of the (Inf) group has prolactin greater than
13 ng/dL, whereas most of group (C) and all group (S) are below
this value. Furthermore, 50% (Inf) group has prolactin greater
than 11 ng/dL, whereas only 25% of other groups are above
this limit.

Categorizing Hormones

In Table (3), there were no significant differences among all
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groups. Concerning prolactin hormones, the control group does
not have any abnormal subjects. However, the infertile group
has abnormal subjects (12%) three times more than the smoker
group (4%).

On the other hand, in the control and smokers groups, only 4%
had abnormal LH levels, whereas in the infertile group, this
percentage increased four times (16%). However, FSH and
testosterone abnormal levels are greater in the control group
(16% and 12% respectively). While infertile and smoker groups
have 12% and 8% abnormal, respectively and those two groups
have no subjects suffering from abnormal testosterone. Infertile
groups (36%) have abnormal final scores this percentage is
lower in the control group (28%) and the lowest in the smoker
group (13%).

Discussion

This study aimed to investigate the relationship between the
effects of smoking and two SNPs, rs3750075 and rs25487,
on male fertility. Our results show that all studied samples
have normal type C/C, indicating that the FKBP6 rs3750075
SNP variations and smoking do not correlate with infertility.
These results contradict a study [14] that linked male infertility
to the SNP rs3750075. This lack of validation may occur for
several reasons. Since the frequency of SNPs differs greatly
among ethnic groups, the prevalence of rs3750075 in the Saudi
population is unclear.

There is evidence that XRCC1 expresses itself more highly
in the testes than it does in other body tissues. This finding
raises the possibility that XRCC1 plays a crucial role in the
complex process of correcting DNA damage caused by meiosis
during spermatogenesis [15]. The poly ADP ribose polymerase
binding domain’s codon 399, which is affected by the
Arg399GIn polymorphism, undergoes an Arginine-to-Glutamine
substitution that impairs the functionality and disrupts the DNA
repair machinery [16]. The homozygous T/T genotype was more
prevalent in the (Inf) group than in the other two groups, but
these differences in genotype frequencies were not statistically
significant. Also, the C/C genotype was more prevalent in the
(C) group than in the (Inf) group. In agreement with our findings,
researchers found no connection between this polymorphism
and damage to sperm DNA or male infertility [17]. However,
other research suggested that this SNP may indicate a
hereditary predisposition to male infertility, namely idiopathic
azoospermia and that the C allele may represent a risk gene
for the condition in the Northern Chinese Han population [18].
Additionally, a study found a negative connection between this
SNP and male infertility, indicating that the (C) allele may be
protective in the Spanish population [19]. In the homozygote
comparisons (C/C versus C/T + T/T), they observed a statistically
significant result, confirming that the C/C genotype is linked to a
lower incidence of male infertility [20]. The data demonstrates a
similar trend, with the C/C genotype being more common in the
fertile groups C and S and less common in the infected group.
Interestingly, a study also suggested that XRCC1 polymorphism
and exposure to polyaromatic hydrocarbons, a common by-
product of tobacco smoking, might have a combined influence
on male infertility [17]. To learn more about these potential
gene-environment connections, it may be useful to include a

group of participants who smoke but are not fertile.

Moreover, the relationship between the XRRC1 rs25487 SNP
and the levels of prolactin, FSH, LH, and testosterone in the
body was examined. It was demonstrated that, in comparison to
the C/C and C/T groups, the testosterone levels in the T/T group
were lower. There was a correlation between XRCC1 absence
and higher DNA damage in sperm [21]. Furthermore, a negative
correlation was observed between elevated DNA damage in
sperm and testosterone levels [14]. All of these findings point
to a possible association between male infertility, decreased
testosterone levels, and greater sperm DNA damage caused
by the T variant in XRCC1 rs25487. Conversely, there was no
discernible correlation found between the levels of prolactin,
LH, and FSH and the XRRC1 rs25487 SNP.

Male fertility requires the complete development of male
germ cells and normal spermatogenesis, which is a complex
process that depends on a balanced endocrine interplay of the
hypothalamus, pituitary, and testis. The hypothalamus induces
the secretion of gonadotrophins, FSH, and LH from the pituitary
gland. FSH stimulates spermatogenesis directly, and LH
induces testosterone production, stimulating spermatogenesis
indirectly. Prolactin, another hormone secreted by the pituitary
gland, controls the production of LH and FSH through a
feedback mechanism on the hypothalamus. Alteration of the
serum levels of these hormones may create disturbances
in spermatogenesis and cause infertility in males [22]. To
understand the effect of smoking on male fertility in Saudi
Arabia, the levels of testosterone, LH, FSH, and prolactin in the
(S) group were compared to the (C) and (Inf) groups. The (S)
group showed a trend for elevated mean testosterone levels,
with near-significant results. Those results are consistent with
previously published data from other populations, including
the large Tromse study that included 3,427 men, which
demonstrated that smokers had significantly higher total
and free testosterone levels compared to men who never
smoked [23]. LH levels were found to be higher in the (S) group
compared to both the (C) group and (Inf) group. However, these
differences were not significant. In addition, mean FSH levels
were found to be higher in the (S) group compared to the (C)
group and equivalent to that in the (Inf) group. These results
have been supported by a study that also reported elevated
levels of one or both gonadotrophins in smokers compared
with non-smokers [24]. When looking at prolactin levels, the (S)
group had comparable mean prolactin levels to the (C) group,
which is lower than the (Inf) group.

Our data show no significant influence of smoking on hormone
levels in Saudi men, even if there is a difference. Smoking is
considered a major factor leading to male infertility [25]. The
negative effects of smoking on male fertility have been studied
worldwide by several groups that used various endpoints to
assess male fertility, mainly hormone levels and sperm quality.
Despite various associations suggested by these studies
between smoking and the levels of testosterone, prolactin,
FSH, and LH in the context of male infertility, the meta-analysis
showed no significant influence, suggesting that hormone
levels may not be the best predictor of the effect of smoking
on male fertility, compared to other endpoints such as semen
quality [25].
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Limitations

The cross-sectional methodology and small sample size of this
study made it difficult to draw conclusions about causality
and generalization. Two genetic variations were examined.
Furthermore, the student’s study time was limited, which
limited the sample size and the range of analysis.

Conclusion

Our research indicates that smoking adversely affects certain
hormones and fertility. However, no association was found
between smoking and Fkbp6 (rs3750075). We observed an
increased frequency of the XRCC1 rs25487 variant; nevertheless,
it was not significantly associated with an increased risk of
infertility among smokers.
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