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ABSTRACT: Androgens are significant regulators of human sper-
matogenesis. Their action is mediated through the androgen recep-
tor (AR), which binds to the androgen responsive element on DNA
and regulates gene transcription. Men become infertile with spino-
bulbar muscular atrophy (Kennedy disease) caused by a trinucleo-
tide repeat expansion, =40 CAG repeats, in the AR gene located
on the X chromosome. In this prospective study, we investigated
whether the variable size, larger repeats, of this trinucleotide could
alter AR function and result in impaired spermatogenesis. A total of
69 infertile men were studied. Clinical and laboratory analysis
showed idiopathic, nonobstructive azoospermia in 16 men, extreme-
ly severe oligozoospermia in 27 men (<1 million sperm/mL), and
severe oligozoospermia in 26 men (1 to 5 million sperm/mL). Fertile
control men (n = 45) were selected by documented paternity proven
by linkage analysis. Leukocyte DNA was analyzed by polymerase
chain reaction (PCR) amplification across the AR repeat region. Ac-
curate size determination of the PCR product using an ABI 373 DNA
sequencer allowed precise calculation of CAG repeat sizes. The AR
gene was not analyzed for other types of mutations. The difference
in CAG repeat size between infertile men and proven fertile controls
was statistically significant, P = .03. Patients with extremely severe

oligozoospermia had significantly longer CAG repeat tracts (mean,
25.4 = 4.0; P = .0005; range 20-39) than controls (mean, 22 *
2.8; range 12-30) or patients with severe oligozoospermia (mean,
22.2 = 2.3; range 18-26). None of the 26 infertile men with sperm
counts <1 million/mL had =19 CAG repeats compared with 6 out
of 45 controls (13%; P = .06). This study suggests that some men
with severe impairment of spermatogenesis have longer trinucleo-
tide repeats in the AR gene. Although direct evidence is missing,
lower affinity between androgen and the AR protein or decreased
AR protein availability with longer repeats could be responsible for
a diminished androgen effect on spermatogenesis. Two of the pa-
tients in the extremely severe oligozoospermia group had 35 and 39
CAG repeats, respectively (normal range is 11 to 33). Although not
yet considered a mutation, longer trinucleotide repeats are unstable
and might either expand or contract between generations. If they
expand, conception through the use of intracytoplasmic sperm in-
jection (ICSI), could result in the son of an ICSI daughter being af-
fected not only by infertility but also by Kennedy disease.
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Today, many infertile men with a variety of spermato- Their action is mediated by the androgen receptor (AR),
genic disorders, ranging from severe oligoasthenoa DNA-binding transcription factor protein encoded by a
zoospermia to nonobstructive azoospermia, can fathagene located on chromosome Xqll-12 (Lubhan et al,
children with the use of intracytoplasmic sperm injection1988). The binding of androgens to the AR induces hy-
(ICsl; Palermo et al, 1992). However, despite this resperphosphorylation, conformational changes, and dimer-
markable clinical success, development of therapies tization of the receptor, which then binds to the androgen
correct male infertility has been slow because the etiologyesponsive element located within promoter regions of an-
for many of these disorders remains unknown. drogen responsive genes. The DNA binding of the AR
Androgens, mainly testosterone and-@ihydrotestos- complex and other transcription factors and cofactors to
terone, are essential regulators of human spermatogenedise regulatory regions of genes, up-regulates or down-
regulates the transcription of target genes (Ruijter et al,
1999). The AR belongs to the nuclear receptor superfam-
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repeats are present in exon 1 of the AR gene. An exparwith hexachlorofluorescein at theé &nd of the primer. The poly-
sion of the CAG microsatellite repeat to greater than 4gnerase chain reaction (PCR) was performed in the presence of
repeats is the causative AR mutation in patients with Ken9-2 kM of each primer, in a total reaction volume of 28
nedy disease, an X-linked form of spinobulbar musculaﬁ‘(’}”%%“”(ﬁ?n ezrgg*;m Sﬁ;?mjc%Agzt:cCTAii %”tgnd;l—izhg%) -
fonts 4156 become infertle dus (o testcular atrophy, retM 7-deaza-dGTP (Bochinger-tiamheim, ncanapols ind),
T . . . . 2’ ~1.5 mM MgCl, 1X PCR Buffer I, and 0.3 units Amplaq (PE
suIt_ln_g in marked oligozoospermia. Pr_ewous studies ®Xnpplied Biosystems, Foster City, Calif). A GeneAmp PCR Sys-
amining the number of CAG repeats in the AR gene ofiem 9600 (PE Applied Biosystems) was used for PCR thermal
infertile men with unexplained oligozoospermia have re-cycling as follows: 1 cycle at 98 for 5 minutes, followed by
ported conflicting results, with some (Komori et al, 1999;35 cycles at 9% for 1 minute, at 60C for 1 minute, 72C for
Dadze et al, 2000) showing no expansions or gross det minute, and a final cycle at @2 for 10 minutes.
letions of trinucleotide repeats within exon 1 of the AR

gene, and others (Tut et al, 1995; Dowsing et al, 1999G€! Electrophoresis and PCR Product Sizing
Yoshida et al, 1999) reporting increased trinucleotide rePCR products were analyzed by gel electrophoresis using an
peat size. The recent study by Dadze et al (2000) pointedBIl 373A automated sequencer (PE Applied Biosystems). One

out ethnic differences as a possible explanation for th&icroliter of each PCR product was mixed withub. of form-
contradictory findings. amide plus reaction dye containing internal size standards (ROX-

The aim of this study was to assess the size of the AI:§OO; PE Applied Biosystems). The mixture was denatured at
95°C for 5 minutes, and electrophoresed through a 6% poly-

CAG repeat in predominantly North American infertile acrylamide/7.65 M urea DNA sequencing gel. The PCR product

white men with severely disturbed spermatogenesis, NSize was determined by comparison with the internal size stan-

cluding patients with nonobstructive azoospermia and pagargs using automated sequencer analysis software (676 GE-

tients with sperm counts not exceeding 5 million/mL, NESCAN and GENOTYPER softwarélser’s Manual, PE Ap-
compared with 45 proven fertile control males. plied Biosystems).

Calculation of CAG Repeats

Materials and Methods Each patient was tested once. The number of CAG repeats for
) each specimen was calculated by subtracting the nonrepeat re-
Patients gion of the PCR product (107 base pairs; bp) from the PCR

A total of 69 white, predominantly infertile men, referred to the Product size and dividing by 3 (the size of 1 repeat). The ac-
Male Infertility Program at the Hospital of the University of curacy of the method is 1 repeat by comparison with sequence
Pennsylvania for ICSI, were prospectively enrolled in the studyanalysis of the PCR product (data not shown). Assessment of
and gave written consent to carry out genetic testing of the ARPOINt mutations was not performed.
CAG repeat size. Clinical and laboratory analysis (a minimum . .
of 3 semen samples for each patient during a 6-month period§tansnca/ Analysis
showed nonobstructive azoospermia in 16 patients, extremelyhe number of CAG repeats for each category of patients is
severe oligozoospermia in 27 (sperm detectable but less thanedxpressed as the meanSD. Data were analyzed with STATA
million/mL), and severe oligozoospermia in 26 (sperm count besoftware (College Station, Tex) for the skewness/kurtosis test for
tween 1 and 5 million/mL). None of the patients studied hadnormalcy. Data were not normally distributed, and comparisons
clinical features, by history or physical exam, of patients with of means were made with the nonparametric Mann-Whitdey
androgen resistance or neurological symptoms seen in patientsst. Thex2 and the Fisher’s exact test were used in comparing
with high numbers of repeats. As part of the pre-ICSI geneticpercentages between groups.
screening, the patients included in the study had normal karyo-
type analysis and were also negative for Y chromosome micro-
deletions (Reijo et al, 1996). Results

Fertile control men (n= 45) were selected from families test-
ed for a variety of genetic diseases by linkage analysis. Th%
linkage analysis results were used to document paternity in th
selected controls. The DNA from these controls was then mad
anonymous prior to AR trinucleotide repeat testing.

verall, the mean number of CAG repeats in exon 1 of
ghe AR gene was 23.5 3.4 (range 18-39) for infertile
men and 22+ 2.8 (range 12-30) for proven fertile con-
trols. This difference was statistically significaRt= .03.
Polymerase Chain Reaction Amplification When analyzed by category of spermatogenic disorders,
One hundred nanograms of genomic DNA was amplified using}he resglts showed that in men with nonobstructive azo-
published primers Sforward primer Ky-intl (5GCT GTG ~ OSpermia (n= 16) the mean number of CAG repeats was
AAG GTT GCT GTT CCT CAT-3) and 3 reverse Ky-int2 (5 23 £ 2.5 (range 19-26), in men with extremely severe
TCC AGA ATC TGT TCC AGA GCG TGC-3 La Spada etal, oligozoospermia (= 27) the mean number of CAG re-
1991). The reverse primer (Ky-int 2) was fluorescently labeledpeats was 25.4- 4.0 (range 20-39), and in men with
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Comparison of sperm count and the androgen receptor CAG-repeat size in the different groups of patients with controls*

N (%) Sperm Count Mean CAG Size P
Nonobstructive azoospermia 16 (23) Undetectable 23+ 25 C
Extremely severe oligozoospermia 27 (39) <1 million/mL 25.4 + 4.0 .005t
Severe oligozoospermia 26 (38) 1-5 million/mL 222 + 23 c
All infertile males 69 (100) 0-5 million/mL 235+ 34 .03t
Fertile controls 45 NA 22+ 28 c

* NA indicates not available.
t Compared to fertile controls.

severe oligozoospermia (& 26) the mean number of of predominantly North American white men with infer-
CAG repeats was 22.2 2.3 (range 18-26). The differ- tility due to severely reduced spermatogenesis and com-
ence between the CAG repeat length in men with expared those results with control fertile men. Overall, the
tremely severe oligozoospermia compared with controlsnean number of CAG repeats was found to be signifi-
was statistically significant? = .0005 (Table; Figure). cantly larger in men with reduced spermatogenesis com-
This difference remained statistically significant even af-pared with fertile control men, and this difference was
ter removing the 2 patients with the largest CAG tractsparticularly striking for men with extremely severe oli-
35 and 39 repeatsP(= .003). In addition, none of the gozoospermia. These findings are in agreement with 2
infertile men with extremely severe oligozoospermiarecent similar studies from Singapore and Australia (Tut
(sperm count=1 million/mL) had <19 CAG repeats, et al, 1995; Dowsing et al, 1999). In contrast, 2 recent
compared with 6 of the 45 controls (13%®,= .06). studies from Japan and Germany failed to detect signifi-
cant variations in the size of the CAG repeats (Komori et
) _ al, 1999; Dadze et al, 2000). Beside possible ethnic dif-
Discussion ferences, it is interesting to note that in the work of Dadze
et al (2000), the number of CAG repeats had a wider
Since the cloning of the AR gene in 1988 (Lubhan et alrange of variations in the group of infertile males than in
1988), a number of mutations have been described in metine controls.
with defective spermatogenesis and classified as partial or The mechanism by which high normal or intermediate
mild forms of androgen insensitivity syndrome (GhadessyCAG repeat sizes may cause infertility is still unknown.
et al, 1999). These mutations range from complete andrd&some of the hypotheses postulate a reduced amount of
gen receptor deletion to point mutations (Marcelli et al,specific androgen binding (ie, lower affinity between an-
1990; Saunders et al, 1992; Tsukuda et al, 1994; Browdrogens and the AR protein; Ruijter et al, 1999). Others
et al, 1995). claim that the length of CAG trinucleotide is inversely
In this study we examined the length of the CAG repeatorrelated with the transactivation function of the AR
in the N-terminal transactivation domain of the AR gene (Chamberlain et al, 1994). Alternatively, others have as-
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Distribution of CAG-repeats size for each group of patients. Patients with extremely severe oligospermia had a larger size of CAG repeats than the
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sociated longer than normal CAG repeats to a reducednit base pairs. Expansions of CAG repeats can be dan-

amount of AR messenger RNA and AR protein (Choonggerous.

et al, 1996) or to low functional competence of the AR We detected 2 patients in the extremely severe oligo-

(Tut et al, 1995). zoospermia group with CAG repeats of an intermediate
These longer but normal CAG repeat sizes may altesize, between the normal range of 11 to 33 repeats, and

the activation function 1 (AF-1), because both are locatedhe affected range of 40 to 62 repeats. These 2 men had

in the N-terminal region, by altering interaction with co- 35 and 39 CAG repeat sizes. Because the stability of these

regulator proteins. Alteration of AF-1 function due to lossintermediate size repeats is unknown, we recommend

of a coregulator protein has been associated with andrascreening of infertile men with extremely severe oligo-

gen insensitivity in a recent case report (Adachi et alzoospermia. ldentification of men with intermediate re-

2000). peat sizes will allow monitoring for expansions into the
These minor but statistically significant deviations fromaffected range in the next generation.

the norm in the number of the CAG repeats could rep- If future studies confirm these findings, screening and

resent one genetic alteration in a multifactorial set of gecounseling for the length of the CAG trinucleotide repeat

netic polymorphisms or mutations that may lead to malen the AR gene should become part of the pre-ICSI ge-

infertility. netic testing for infertile men (Patrizio, 1995; Patrizio and
Variability in the CAG repeat length has also beenKopf, 1997).

studied in relationship to risk of prostate cancer. While

the average length of the CAG repeat in the normal pop-

ulation is 21+ 2 (range 11-35), shorter CAG repeat Acknowledgment
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