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Abstract:

Infertility is a common problem affecting one in six couples, and in 30% of infertile couples, the male factor is a major cause due to

defective sperm quality. P-glycoprotein (P-gp), a product of the MDR1 (ABCB1) gene, may be a link between genetic and environ-

mental factors contributing to the development of male infertility because pesticides (P-gp substrates) are well established factors of

male infertility. The aim of the present study was to examine the effect of the MDR1 gene 3435C>T polymorphism on male infertil-

ity. In total, 162 male patients undergoing semen analysis due to initial infertility workup were included in the study. The control

group consisted of 191 healthy males with proven fertility. MDR1 3435C>T genotyping was performed by the polymerase chain

reaction-restriction fragment length polymorphism (PCR-RFLP) method. Assessment of MDR1 genotypes among the infertile men

showed that 17.9% of subjects were carriers of the CC genotype, 58.0% were CT and 24.1% were TT. Among fertile men, 30.4% of

subjects were characterised by the CC genotype, 49.7% were CT and 19.9% were TT. In addition, the frequency of carriers of at least

one T allele (i.e., CT and TT genotypes) among infertile and fertile subjects was 82.1% and 69.6%, respectively. The risk of infertil-

ity was significantly elevated by two-fold in individuals carrying at least one T allele (CT and TT genotypes: p = 0.009, OR = 2.00,

95% CI: 1.20–3.32). Furthermore, this elevated risk was still found when considering each of the CT and TT genotypes alone (TT

genotype: p = 0.027, OR = 2.05, 95% CI: 1.09–3.86; CT genotype: p = 0.013, OR = 1.98, 95% CI: 1.16–3.36). This preliminary re-

port suggests that P-gp may play some role in male infertility, mediating detrimental effects of environmental factors.
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Introduction

Infertility is a common problem, affecting one in six

couples. In 30% of infertile couples, the male factor is

a major cause due to defective sperm quality [4].

However, the factors responsible for defective sperm

quality remain largely unknown.

P-glycoprotein (P-gp), a product of the MDR1

(ABCB1) (multiple drug resistance 1) gene, may be a link

between genetic and environmental factors contribut-

ing to the development of male infertility. P-gp is

a member of the ABC family of transporters that

passess various hydrophobic drugs and peptides from

the inside to the outside of the plasma membrane. It is

postulated that the glycoprotein may prevent accumu-

lation of potential toxins (e.g., pesticides), as well as

carcinogenic substances and metabolites [27]. In the

human testes, P-gp is highly expressed at the luminal

surface of capillary endothelial cells, thus protecting
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testes from potentially toxic substances. Mdr1a (–/–)

knockout mice have been shown to accumulate more

P-gp substrates (e.g., ivermectin, vinblastine, nelfina-

vir) within testicular tissue than wild-type controls [6,

26]. P-gp is also expressed in Leydig cells, testicular

macrophages, and Sertoli cells, although it does not

appear to be expressed in germ cell populations [21].

Thus, P-gp is likely to be involved in protection of so-

matic cells from xenobiotics within the testes and may

also influence the microenvironment of the seminifer-

ous tubules through transport of testicular steroids.

However, the latter function has yet to be convinc-

ingly established [21].

Recently, a number of single nucleotide polymor-

phisms (SNPs) of the MDR1 (ABCB1) gene have been

identified and correlated with P-gp expression [12].

For example, the 3435C>T polymorphism in exon 26

was postulated to be functional. Specifically, while

the 3435C>T transition is a silent polymorphism, in

the majority of subjects it is linked with the SNP in

exon 21 at position 2677 (2677 G>T,A), producing

Ala893Thr and Ala893Ser variants, respectively [14,

30]. In most studies, individuals homozygous for

3435T had significantly decreased intestinal P-gp ex-

pression and increased serum levels of P-gp substrates

after oral administration. A possible explanation for

altered P-gp expression was provided by Wang et al.,

who demonstrated an effect of the MDR1 3435 C>T

polymorphism on P-gp mRNA stability. The authors

revealed that the T allele was associated with lower

P-gp mRNA levels [33]. Another mechanism was

proposed by Kimchi-Sarfaty et al., who reported that

the 3435C>T synonymous SNP may result in altered

P-gp substrate specificity. The authors observed simi-

lar mRNA and protein levels but altered conforma-

tions for wild-type and polymorphic P-gp. The

authors hypothesized that the presence of a rare co-

don, marked by the synonymous polymorphism, af-

fects the timing of cotranslational protein folding, al-

tering the structure of substrate and inhibitor interac-

tion sites. [15]. Based on these findings, it seems that

the MDR1 3435 C>T polymorphism is a good marker

of P-gp activity. However, this conclusion may be an

oversimplification because many investigators have

failed to replicate the initial finding of Hoffmeyer et

al. [6] and some of have reported inverse correlations

of MDR1 3435 C>T alleles with P-gp expression [25].

P-gp transports many xenobiotics, including pesti-

cides [2, 20]. Pesticide exposure is a well-established

factor associated with decreased fertilization and male

infertility [32]. The pattern of familial aggregation of

male infertility also suggests an important role of

heritable factors [22]. However, little is known about

the possible genetic etiologies of male infertility. The

aim of this study was to examine the effect of the

3435C>T MDR1 gene polymorphism on male infertility.

Materials and Methods

Subjects and study protocol

The subjects for this study included 162 otherwise

healthy male patients (aged 22–56 years, mean 32.3 ±

5.7 years) undergoing semen analysis due to infertil-

ity. The inclusion criteria were the following: age 18

to 56 years; no children from current or previous rela-

tions; at least one year of regular (2–3 weekly), un-

protected sexual activity without conception; female

partners younger than 35 years with regular menstrual

bleedings and/or progesterone levels in the luteal

phase of the cycle (> 10 ng/mL), normal transvaginal

ultrasound examination, and that tested negative for

Chlamydia trachomatis infection and had no history

of pelvic inflammatory disease or abdominal opera-

tions.

Subjects were excluded from the study if semen

analysis and clinical findings suggested obturatory

azoospermia or testicular, epididymal or accessory

gland infection. Subjects were also excluded if they

presented with known systemic disease, varicocele,

history of mumps, trauma or testicular torsio or

maldescence.

Semen samples were collected by masturbation af-

ter two to seven days of abstinence from sexual activ-

ity. Sperm parameters were evaluated manually

within one hour of the sample collection. Sperm con-

centration, motility (percentage motility) and mor-

phology were assessed according to the World Health

Organization guideline and criteria set in 1999 [35].

Sperm concentration and motility were established

using a Makler counting chamber (Sefi, Israel) under

a phase-contrast microscope (Eclipse 200, Nikon, Japan).

Semen smears were stained according to the Pa-

panicolaou method. Sperm morphology was assessed

by a single technician. In assessing morphology, 200

sperm were analyzed per slide using a 100 × magnifi-

cation oil-immersion lens. Sperm were classified as
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having normal or abnormal morphologic features ac-

cording to strict Kruger criteria [35].

The control group consisted of 191 healthy males

(aged 21–56 years, mean 34.9 ± 9.4 years) recruited

from men accompanying their female partners to term

labor in the University Department of Feto-Maternal

Medicine. Paternity was confirmed by women; how-

ever, possible paternal discrepancy was also assessed

by blood group verification.

Both the men undergoing infertility workup and the

fertile controls were of Polish origin, recruited within

the same geographical region.

The study was approved by the local ethics com-

mittee and written informed consent was obtained

from all subjects.

Genotyping

Genomic DNA was extracted manually by precipita-

tion with trimethylammonium bromide salts from leu-

kocytes contained in 450 µL of venous blood with

ethylenediamine tetraacetic acid as an anticoagulant.

DNA was then precipitated in 95% ethanol, dissolved

in distilled water and stored at –20°C until analysis.

The ABCB1 3435C>T polymorphism (rs1045642:

C>T) was determined using the polymerase chain

reaction-restriction fragment length polymorphism

(PCR-RFLP) assay as previously described [5].

Statistical analyses

Allele and genotype frequencies were determined by

directly counting MDR1 alleles. Concordance of

genotype distribution with Hardy-Weinberg equilib-

rium and associations between categorical variables

were assessed by �2 test and Fisher’s exact test, using

Statistica 8.0 (Statsoft, Warsaw, Poland). Odds ratios

and confidence intervals were calculated using the

Newcombe-Wilson method without continuity correc-

tion. Subjects’ age and sperm parameters were statisti-

cally compared using a Mann Whitney U test.

Results

Subjects in the infertile and fertile groups were of

comparable age. The MDR1 genotypes of the infertile

men were 17.9% CC, 58.0% CT and 24.1% TT. The

MDR1 genotypes of the fertile men were 30.4% CC,

49.7% CT and 19.9% TT. The genotype frequency

distribution did not show a significant deviation from

Hardy-Weinberg equilibrium. The frequency of carri-

ers of at least one T allele (i.e., CT and TT genotypes)

among fertile and fertile subjects was 82.1% and

69.6%, respectively (p = 0.009, OR = 2.00, 95% CI:

1.20–3.32). The risk of infertility was significantly

elevated by 2-fold in individuals carrying at least one

T allele (TT and CT genotypes together: p = 0.009,

OR = 2.00, 95% CI: 1.20–3.32), as demonstrated by

the 3435TT genotype (p = 0.027, OR = 2.05, 95% CI:

1.09–3.86) and the 3435CT genotype (p = 0.013, OR

= 1.98, 95% CI: 1.16–3.36) (Tab. 1).

We then assessed the effect of the 3435C>T poly-

morphism on sperm morphology, concentration and

692 �����������	��� 
������ ����� ��� �������


�� � ���� ��� 	��*%������ ��� �������� ������+%����� ����� ��	����� ��� 	����� ���

ABCB1

genotype

Patients (infertile)

n = 162

Controls (fertile)

n = 191 p
value*

OR (95%CI)

n (%) N (%)

Genotype

3435CC 29 (17.9) 58 (30.4) – –

3435CT 94 (58.0) 95 (49.7) 0.013 1.98 (1.16–3.36)

3435TT 39 (24.1) 38 (19.9) 0.027 2.05 (1.09–3.86)

Allele

3435C 152 (46.9) 211 (55.2) –

3435T 172 (53.1) 171 (44.8) 0.028

, -����� �.��� ����� �������� �� ��� /0/122 �������� ��� ��� /0/12 ���
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motility among infertile men (Fig. 1, 2 and 3, respec-

tively). No association between MDR1 gene polymor-

phism and sperm morphology or concentration was

found. The median percentage of sperm with normal

morphology among infertile subjects was 4% (min =

0, max = 33). A median sperm concentration of 40 ×

106 sperm/ml (min = 0, max = 256 sperm/ml) among

infertile men was noted. The median percentage of

sperm with progressive motility was 52% (min = 0,

max = 85) among infertile men.

Discussion

Xenobiotics, including pesticides, are related to male

infertility via P-gp. These agents are substrates for

P-gp, which is a product of the MDR1 (ABCB1) gene.

P-gp is present in the blood-testis barrier and prevents

penetration of xenobiotics, thus providing protection

for the testis.

A naturally occurring MDR1 polymorphism has

been correlated with potential clinical effects. Specifi-

cally, the 3435T allele was found to significantly cor-

relate with the function of MDR1 and the expression

of P-gp [12].

The aim of the current study was to evaluate the as-

sociation between the MDR1 gene polymorphism and

male infertility, based on the assumption that the

3435C>T polymorphism is associated with lower

P-gp expression in epithelial cells at the blood-testis

barrier as well as Leydig cells, testicular macro-

phages, and Sertoli cells. Reduced P-gp expression in

the testes of 3435TT carriers may lead to enhanced

testicular penetration of toxic substances, leading to

damage of the testes and infertility.

The results of the present study revealed that the

frequency of carriers of at least one MDR1 T allele

(i.e., CT and TT genotypes) among infertile and fer-

tile subjects was 82.1% and 69.6%, respectively. The

risk of infertility was significantly elevated by two-

fold in individuals carrying at least one T allele, in-

cluding those individuals of 3435TT and 3435CT

genotypes. The MDR1 T allele was previously associ-

ated with lower P-gp activity and therefore may be re-

lated to increased testicular penetration of xenobiotics

(e.g., pesticides). These results suggest that individu-

als carrying a T allele may be more prone to develop

infertility. This idea is supported by many reports in-

dicating that pesticide exposure is a well established

factor associated with decreased fertilization and male

infertility [32].

The major limitation of this study is the inability to

fully exclude the female factor of infertility within the

studied group. Theoretically, this exclusion would

provide a homogenous group of patients in which the

male factor alone contributes to infertility. Although

the inclusion criteria included basic screening tests for

ovulatory or tubal dysfunction, meticulously gathered

reproductive history, progesterone measurements and

tests for chlamydial infections have limitations in di-

agnosis of functional or anatomical infertility [1, 31].

Similarly, female idiopathic factor or endometriosis

could not be ruled out in the studied group of patients

[8, 13]. However, the patients were undergoing initial

infertility evaluation; therefore, more sophisticated

test were neither clinically justified nor cost-effective.

In spite of these limitations, it is likely that the female

factor of infertility could be excluded in the majority

of the couples studied [7, 9, 18, 23, 31, 34].

Interestingly, the present study did not identify an

association of the MDR1 3435C>T polymorphism

and sperm concentration, motility or morphology.

However, these observations are consistent with cur-

rent thinking that semen quality tests may not well

predict a male infertility diagnosis. The poor power of

semen analysis in predicting future fertility was first

demonstrated in the mid-1980s [10, 24] and more re-

cently by several groups attempting to establish more

useful indicators of future fertility [11, 19]. This poor

predictive power may be largely due to isolated male,

female or overlapping idiopathic factors of infertility.

Unexplained infertility seems to be the most signifi-

cant factor for difficulties in setting clinically useful

reference values of semen parameters [11].

The lack of correlation between the MDR1 3435C>T

polymorphism and basic semen parameters, including

concentration, motility or morphology, may indicate

functional or genomic disturbances of sperm caused

by the phenotypic variant. This assumption, although

speculative, supports the demand for sophisticated,

but clinically useful, functional or morphologic tests.

Tests such as sperm chromatin integration assays or

microscopic high power phase contrast organellar

morphology examination have recently been intro-

duced into andrological and in vitro fertilization labo-

ratories with certain success [3, 28, 29].

Finally, it is possible that the observed association

of the MDR1 3435T allele with infertility may be
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a false-positive, and this possibility cannot be fully

excluded. The frequency of MDR1 3435C>T geno-

types among the control group of fertile man differs

slightly from published data for healthy controls from

the same region [16, 17]. Therefore, the significance

of our results may arise from 3435CC homozygote

overrepresentation among the controls and not from

a lower frequency of 3435CC among infertile subjects.

To our knowledge, this is the first report suggesting

an association between the MDR1 3435C>T polymor-

phism and male infertility. Importantly, our findings

may indicate a new predictor of infertility. However,

the results of the present study are preliminary and

should be verified in larger groups of infertile males,

including male populations from other countries.
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