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A polymorphism of the interleukin-1 beta gene
is associated with sperm pathology in humans

In a prospective case–control study of 127 normozoospermic and 435 non-normozoospermic Caucasian men,
the genotype frequencies of a polymorphism of the interleukin-1 beta gene (IL-1b Taq C/T) were statistically
significantly different between groups (homozygous wild-type C/C [57%], heterozygous C/T [42%], and ho-
mozygous mutant T/T [1%] vs. C/C [57%], C/T [36%], T/T [7%] for normozoospermic and non-normozoosper-
mic men, respectively; odds ratio, 4.8; 95% confidence interval, 1.13 to 20.28). This association was restricted
to men with the oligoasthenoteratozoospermia (OAT) syndrome. We conclude that the investigated polymor-
phism is associated with sperm pathology in Caucasians. (Fertil Steril� 2007;88:751–3. �2007 by American
Society for Reproductive Medicine.)
Approximately 10% of couples are known to experience
some form of infertility, and about half of these cases are
a result of male factors. Impaired male fertility has a wide
variety of causes, among them inadequate spermatogenesis,
varicocele, and defective sperm (1, 2). Immunologic factors
such as local infections and autommune diseases may also
play a role in male infertility.

Interleukin 1 (IL-1) is a central proinflammatory cyto-
kine, produced by monocytes, macrophages, and epithelial
cells. Secretion of IL-1 leads to a proinflammatory cascade,
including T helper cell-1 proliferation, production of tumor
necrosis factor-a, interferon-g, IL-2, and IL-12. Increased
production of IL-1 is a characteristic feature of autoimmune
disorders, such as rheumatoid arthritis (3). Activity of IL-1b

directly influences the severity of chronic autoimmune
inflammatory diseases, such as multiple sclerosis, inflam-
matory bowel disease, and rheumatoid arthritis (3, 4).

The IL-1b gene (IL-1b) is located within a 40-kb region on
chromosome 2q14.2, and a polymorphism in exon 5 of IL-1b

(IL-1b Taq C/T) was found to correspond with increased
IL-1b expression in vitro (5). We hypothesized that the prev-
alence of the IL-1b Taq C/T polymorphism is increased
among men with non-normozoospermic spermiograms.

Semen samples were obtained from men attending the
IVF outpatient clinic of the Department of Obstetrics and
Gynecology at the University of Freiburg School of Medi-
cine after the men had given written informed consent.
Local institutional review board approval was obtained.
All men had not ejaculated for the last 3 days. Samples
were scored by World Health Organization criteria (6) as
normozoospermic (>20 million spermatozoa/mL, progres-
sive motility >50%, and >30% morphologically normal
sperm; n ¼ 127) and non-normozoospermic (n ¼ 435).
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The non-normozoospermic group included men with
azoospermia (no spermatozoa in the ejaculate), oligozoo-
spermia (<20 million spermatozoa/mL), and men with
normal sperm concentrations but with teratozoospermia
(<30% morphologically normal sperm) and/or asthenozoo-
spermia (motility <50%). The oligoasthenoteratozoosper-
mia (OAT) syndrome was defined as a combination of
oligozoospermia, asthenozoospermia, and teratozoosper-
mia, each as defined in this paragraph.

Men with orchitis, epididymitis, hypogonadism, hypo-
spadia, and congenital aplasia of the vas deferens were
excluded from analysis. Men with a history or the presence
of varicocele, hydrocele, maldescensus, and spermatocele
were included.

Deoxyribonucleic acid was isolated from whole semen
by using the Puregene System (Gentra Systems, Research
Triangle Park, NC). It was stored at 4�C. A genomic
DNA fragment was amplified by polymerase chain reaction,
followed by restriction fragment length polymorphism
analysis as previously described (5) to determine the IL-
1b Taq C/T polymorphism.

This polymorphism is named after a restriction site that is
specific for the TaqI (New England Biolabs Inc., Beverly,
MA) restriction enzyme, generating a 135-bp fragment
and a 114-bp fragment in case of the presence of cytosine
(C) at the restriction site (mutant allele) and a 249-bp frag-
ment in case of the presence of thymine (T) at the restriction
site (wild-type allele). Oligonucleotide primers (forward:
50-GTTGTCATCAGACTTTGACC-30 and reverse: 50-TTC
AGTTCATATGGACCAGA-30) were used to generate
a 249-bp product.

The polymerase chain reaction conditions comprised
three cycles of 97�C for 90 seconds, 55�C for 90 seconds,
and 74�C for 90 seconds. This was followed by 32 cycles
of 97�C for 30 seconds, 55�C for 30 seconds, and 74�C
for 30 seconds as well as a final extension at 72�C for 10
minutes. Polymerase chain reaction products were resolved
on a 3% ethidium bromide–stained agarose gel.
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Differences in the frequencies of alleles and genotypes
were analyzed by c2 test. Continuous variables were com-
pared by using the Wilcoxon rank sum test. A power calcu-
lation demonstrated that with a sample size of 500, the study
has a power of>80% to detect a 20% difference in genotype
distribution at a significance level of 0.05, using the Yates
correction factor based on published genotype distributions
of the IL-1b Taq C/T polymorphism (4, 5).

The odds ratio was used as a measure of the strength of
the association between allele and genotype frequencies
and male infertility. All P values were two-tailed, and
95% confidence intervals were calculated. A P value of
< .05 was considered statistically significant. Multiple com-
parisons were corrected by Bonferroni’s correction in case
of significant correlations.

We included 562 men with a mean age of 36.5 � 5.5
years. Spermiograms were classified as normozoospermic
(n ¼ 127) and non-normozoospermic (n ¼ 435). Of these,
37 had azoospermia, 212 had oligozoospermia, and 186
had normal sperm concentrations but had teratozoospermia
and/or asthenozoospermia. The OAT syndrome was found
in 95 men. The allele frequencies of the IL-1b Taq C/T
polymorphism were not significantly different between
normozoospermic and non-normozoospermic men (IL-1b

Taq C: 197/254 [78%] and IL-1b Taq T: 57/254 [22%] vs.
IL-1b Taq C: 652/870 [75%] and IL-1b Taq T: 218/870
[25%], respectively; P¼.4; odds ratio, 0.9; 95% confidence
interval, 0.59–1.26).

The distributions of genotypes followed the Hardy-Wein-
berg equilibrium in normozoospermic and non-normozoo-
spermic men (P¼.1 and P¼.6, respectively). We found
a statistically significant difference in IL-1b Taq C/T ge-
notype distribution, with homozygous mutant alleles being
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overrepresented among non-normozoospermic men (IL-1b

Taq T/T: 2/127 [1%] vs. 31/435 [7%] for normozoospermic
men and non-normozoospermic men, respectively, P¼.03;
Table 1).

In a subgroup analysis restricted to men with the OAT
syndrome (n ¼ 95), the genotype frequencies of the IL-1b

Taq C/T polymorphism were also significantly different
compared with men with normozoospermia (n ¼ 127; IL-
1b Taq T/T: 2/127 [1%] vs. 13/95 [14%] for normozoosper-
mic men and men with the OAT syndrome, respectively;
P¼.001; Table 1).

This study demonstrates that the IL-1b gene is signifi-
cantly associated with human sperm pathology. Our data
indicate that homozygous mutant genotype carriers of the
IL-1b Taq C/T polymorphism have a fourfold-increased
risk of sperm pathology compared with a control population.
The association between the IL-1b Taq C/T polymor-
phism and sperm pathology was restricted to men with
the OAT syndrome. Thus, carriage of this polymorphism
may predispose men to develop OAT syndrome.

These data add further evidence to the concept of a ge-
netic basis of male infertility. Numerous genetic factors
have been noted to play an etiologic role in male infertility.
For example, polymorphisms of the methylene tetrahydro-
folate reductase (MTHFR) (7), LH (8), and cytochrome
P450 1A1 (CYP1A1) genes (9), as well as a microsatellite
of the androgen receptor (AR) gene (10), are associated
with defects of human sperm production and infertility.

Mutations that severely change the biochemical charac-
teristics of synthesized proteins are not compatible with re-
production. Carriage of polymorphic alleles, however, may
be tolerated, when their effects are subtle. Of note, men who
TABLE 1
IL-1b Taq C/T polymorphism: genotype frequencies among men with non-normozoospermic
spermiograms (Cases), oligoasthenoteratozoospermia (OAT), and normozoospermic spermiograms
(controls).

Genotype

Cases (N [ 435) Controls (N [ 127)
P value

(OR; 95% CI)N (%) N (%)

IL-1b Taq CC 248 (57%) 72 (57%) –
IL-1b Taq CT 156 (36%) 53 (42%) –
IL-1b Taq TT 31 (7%) 2 (1%) .03 (4.8; 1.13-20.28)*

Genotype

OAT (N [ 95) Controls (N [ 127)
P value

(OR; 95% CI)N (%) N (%)

IL-1b Taq CC 48 (50%) 72 (57%) –
IL-1b Taq CT 34 (36%) 53 (42%) –
IL-1b Taq TT 13 (14%) 2 (1%) .001 (9.9; 2.52-38.91)*

Note: OR ¼ Odds Ratio; 95% CI ¼ 95% Confidence Interval; *recessive genetic model: C/CþC/T versus T/T.
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were homozygotes for the polymorphic IL-1b allele later
successfully fathered pregnancies. This indicates that IL-1b

has a functional role but is not critical for sperm function.
Other reasons for the reduced penetrance of the IL-1b

Taq T/T genotype include stochastic events, modifier genes,
and redundant regulatory mechanisms of proinflammatory
cytokine release.

This study has several limitations. For example, we have
not measured IL-1 concentrations in seminal plasma. Also,
spermiogram parameters may significantly change over
time, and we have not included longitudinal data on semen
quality. However, this is a large and homogenous cohort of
men, which allows for the detection of differences in semen
quality caused by the presence of polymorphisms.

In summary, the results of this study indicate that the IL-
1b Taq C/T polymorphism is a molecular marker for male
infertility, possibly mediated by reduced sperm quality and
the OAT syndrome.
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