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Role of androgen receptor CAG repeat polymorphism length
in hypothalamic progesterone sensitivity in hyperandrogenic
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Introduction

Polycystic ovary syndrome (PCOS) is characterized by

oligo/anovulation, hyperandrogenism, and in many cases,

polycystic ovaries. Women with PCOS often exhibit

persistently increased gonadotropin-releasing hormone

(GnRH) pulse frequency compared to normal cycling

women, contributing to enhanced luteinizing hormone

(LH) secretion and increased androgen production [1].

Administration of progesterone (P) decreases GnRH pulse

frequency in normal women, but the GnRH pulse generator

in women with PCOS is relatively insensitive to P negative

feedback [2]. Treatment with the androgen receptor (AR)

antagonist flutamide restores GnRH pulse generator sen-

sitivity to P inhibition in women with PCOS [3]. Hyper-

androgenemia in adolescence can represent a forerunner of

adult PCOS, though the etiology of PCOS remains unclear.

As a group, adolescent girls with HA display impaired

GnRH pulse generator sensitivity to progesterone inhibi-

tion (i.e., reduced P-sensitivity). However, P-sensitivity is

varied in HA girls, despite comparable levels of plasma-

free testosterone (T) [4].

The AR gene contains a polymorphic trinucleotide

(CAG) repeat sequence located in the N-terminal transac-

tivation domain of the AR [5], and the number of CAG

repeats influences AR activity. In vitro, expression of AR

alleles with shorter CAG repeat lengths is associated with

increased AR activity [6]. We measured AR CAG repeat

length in a subgroup of subjects previously shown to have

varied GnRH pulse generator sensitivity to P-mediated

slowing [4], hypothesizing that shorter AR CAG repeat

length would be associated with reduced P-sensitivity in

HA girls.

Materials and methods

The Institutional Review Board at the University of Vir-

ginia Health System approved the study. Informed assent

and consent were obtained from all study volunteers and

their parents. Data regarding GnRH sensitivity to P from 22

normal control (NC) and 24 hyperandrogenic (HA) girls

have been reported previously [4]. Of this group, we

selected 13 girls from the NCs (no evidence of hyperan-

drogenism) and 12 adolescent girls with HA, classified on

the basis of biochemical (free T [ 2.5 SD values above the

mean for normal weight control subjects of the same

Tanner stage of breast development) and/or clinical hy-

perandrogenism (hirsutism) [4]. Six HA subjects had P

sensitivities (sensitivity of the GnRH pulse generator to

suppression by P) within the range of NCs, and six were

insensitive to progesterone. In these subgroups, baseline

hormone levels (total T, sex hormone-binding globulin,

free T, DHEAS, androstenedione, estrone, estradiol, P, LH,

FSH, and fasting insulin), age, years post menarche, and

body mass index were all within the ranges previously

reported. All samples were analyzed as described previ-

ously [4].

DNA was isolated from peripheral blood leukocytes using

a Biorad AquaPure Genomic DNA kit (Biorad, Hercules,

CA, USA). The PCR primers used to amplify the AR CAG

repeat segment were: 50-TCCAGAATCTGTTCCAGAGCG

TCC-30 (sense) and 50-GCTGTGAAGGTTGCTGTTCC
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TCAT-30 (anti-sense) (Integrated DNA Technologies, Inc.,

Coralville, IA, USA). Fragment analysis was performed with

GeneScan software (Applied Biosystems, Foster City, CA,

USA).

Data are presented as the mean ± standard deviation for

the mean unless indicated. Hypothesis tests were two-sided

and were conducted at the 0.05 level of significance. LH

pulses and P-sensitivity were defined as described previ-

ously [4]. Comparisons employed nonparametric statistical

tests based on ranks of observations requiring no assump-

tions about the underlying distribution of data. Wilcoxon

rank sum tests were used for pairwise comparisons, while

Kruskal–Wallis tests were used for comparisons among

three groups. Spearman rank correlation was used to

evaluate the relationship between P-sensitivity and CAG

repeats in all subjects.

Results

Hypothalamic progesterone sensitivities in 13 NC versus

12 HA girls were compared (Fig. 1) to data observed in a

larger group of NC adolescents previously evaluated for

hypothalamic P-sensitivity [4]. Of the 12 HA girls included

in this study, 6 fell within the range of responses observed

in NC adolescent girls, while 6 were relatively insensitive

to P suppression (Fig. 1). In this study, hypothalamic

P-sensitivity (i.e., the slope of percent change in LH pulses/

11 h as a function of day 7 P concentration in ng/ml) was

20.7 ± 9 for Tanner 1-2 NC girls and 9.6 ± 7 for Tanner

3–5 NC girls. This was compared to 7.8 ± 3 and 1.6 ± 1

for Tanner 3–5 HA P-sensitive and HA P-insensitive girls,

respectively. Free testosterone values were elevated in HA

girls as a group compared to Tanner 3–5 NCs (10.3 ± 4 vs.

3.6 ± 2 pg/ml), but free T levels in HA P-sensitive versus

P-insensitive girls (10.6 ± 3 vs. 10.0 ± 6 pg/ml) were

similar.

We measured AR CAG repeat length in these 25 girls to

determine whether there was a correlation with hypotha-

lamic P-sensitivity. No significant differences of AR CAG

repeat length were observed among groups. The NC group

had a CAG repeat biallelic mean of 21.5 ± 2, compared

to 20.6 ± 3 (P = 0.52) and 21.2 ± 2 (P = 0.66) for

HA P-sensitive and P-insensitive groups, respectively

(Table 1). CAG repeat length in individual short and long

AR alleles among the groups were also similar (Table 1).

In addition, there was no simple correlation between

P-sensitivity (slope) and CAG repeat number, either when

including all girls (HA and controls) or when restricting

analysis to HA girls only. Simultaneously adjusting for free

T differences did not alter these correlation findings.

Discussion

The clinical significance of variable hypothalamic P-sen-

sitivity in adolescent girls with HA remains unclear, but

may explain why not all HA girls go on to develop
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Fig. 1 Suppression of LH

pulses after 7 days of estradiol

and progesterone in NC and HA

girls. Data are shown as percent

reduction in LH pulses per 11 h

as a function of day 7 P

concentration. Circles represent

NC (left) and HA (right) girls in

which AR CAG repeat data was

obtained. Closed circles
represent Tanner 1-2 girls; white
circles represent Tanner 3–5

girls. The area outlined by the

dashed line represents the range

of responses in Tanner 3–5 NC

girls. (Data are redrawn from

Blank et al. with permission [4];
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abnormal regulation of LH secretion. Specifically, HA girls

who demonstrate abnormal P suppression of GnRH pulse

secretion may be more likely to progress to adult PCOS

compared to those with normal feedback sensitivity.

Although, androgen excess appears to decrease hypotha-

lamic P-sensitivity in adult PCOS, differences in free tes-

tosterone concentrations do not appear to explain variable

P-sensitivity in HA adolescents.

The influence of CAG repeat length on androgen action

in women is unclear. Girls with precocious pubarche,

associated with increased T, acne, and hirsutism, display

shorter CAG repeat lengths compared to controls [7].

While some groups have found no association between

CAG repeat length and PCOS [8, 9], others suggest a link

between shorter CAG repeat lengths and symptoms of

PCOS in women with normal T levels [10, 11]. We

hypothesized that HA girls who are resistant to GnRH

suppression by P would have shorter AR CAG repeat

lengths compared to girls who maintain sensitivity to

suppression, with shorter repeat lengths leading to

increased AR activity. However, we found no evidence of

an association between CAG repeat length (biallelic mean,

long allele, or short allele) and hypothalamic P-sensitivity,

suggesting CAG repeat length alone is not a strong deter-

minant of hypothalamic P-sensitivity.

Acknowledgments We gratefully acknowledge Lauren Lockhart,

M.P.H., the staff of the GCRC at the University of Virginia, and the

CRR Ligand Core Laboratory. This study was supported by the

Eunice Kennedy Shriver National Institute of Child Health and

Human Development/National Institutes of Health through coopera-

tive agreement U54 HD28394, as part of the Specialized Cooperative

Centers Program in Reproduction and Infertility Research through

Grants U54-HD34179 (to J.C.M.); General Clinical Research Center

grant M01 RR00847 (to UVA); F32 HD055014 (to S.K.B.); K23

HD044742 (to C.R.M.); R01 HD058671 (to C.R.M.); and RO1

HD33039 (to J.C.M.).

Conflict of interest All authors have nothing to disclose.

References

1. A.A. Bremer, Polycystic ovary syndrome in the pediatric popu-

lation. Metab. Syndr. Relat. Disord. 8, 375–394 (2010)

2. C.L. Pastor, M.L. Griffin-Korf, J.A. Aloi, W.S. Evans, J.C.

Marshall, Polycystic ovary syndrome: evidence for reduced

sensitivity of the gonadotropin-releasing hormone pulse generator

to inhibition by estradiol and progesterone. J. Clin. Endocrinol.

Metab. 83, 582–590 (1998)

3. C.A. Eagleson, M.B. Gingrich, C.L. Pastor, T.K. Arora, C.M.

Burt, W.S. Evans, J.C. Marshall, Polycystic ovarian syndrome:

evidence that flutamide restores sensitivity of the gonadotropin-

releasing hormone pulse generator to inhibition by estradiol and

progesterone. J. Clin. Endocrinol. Metab. 85, 4047–4052 (2000)

4. S.K. Blank, C.R. McCartney, S. Chhabra, K.D. Helm, C.A.

Eagleson, R.J. Chang, J.C. Marshall, Modulation of GnRH pulse

generator sensitivity to progesterone inhibition in hyperandro-

genic adolescent girls—implications for regulation of pubertal

maturation. J. Clin. Endocrinol. Metab. 94, 2360–2366 (2009)

5. A. Edwards, H.A. Hammond, L. Jin, C.T. Caskey, R. Chakr-

aborty, Genetic variation at five trimeric and tetrameric tandem

repeat loci in four human population groups. Genomics 12, 241–

253 (1992)

6. T.G. Tut, F.J. Ghadessy, M.A. Trifiro, L. Pinsky, E.L. Yong, Long

polyglutamine tracts in the androgen receptor are associated with

reduced trans-activation, impaired sperm production, and male

infertility. J. Clin. Endocrinol. Metab. 82, 3777–3782 (1997)

7. L. Ibanez, K.K. Ong, N. Mongan, J. Jaaskelainen, M.V. Marcos,

I.A. Hughes, F. De Zegher, D.B. Dunger, Androgen receptor gene

CAG repeat polymorphism in the development of ovarian hyper-

androgenism. J. Clin. Endocrinol. Metab. 88, 3333–3338 (2003)

8. P. Ferk, M.P. Perme, N. Teran, K. Gersak, Androgen receptor

gene (CAG)n polymorphism in patients with polycystic ovary

syndrome. Fertil. Steril. 90, 860–863 (2008)

9. S. Dasgupta, P.V. Sirisha, K. Neelaveni, K. Anuradha, A.G.

Reddy, K. Thangaraj, B.M. Reddy, Androgen receptor CAG

repeat polymorphism and epigenetic influence among the south

Indian women with Polycystic Ovary Syndrome. PLoS One 5,

e12401 (2010)

10. J.J. Kim, S.H. Choung, Y.M. Choi, S.H. Yoon, S.H. Kim, S.Y.

Moon, Androgen receptor gene CAG repeat polymorphism in

women with polycystic ovary syndrome. Fertil. Steril. 90, 2318–

2323 (2008)

11. F. Van Nieuwerburgh, D. Stoop, P. Cabri, M. Dhont, D. Deforce,

P. De Sutter, Shorter CAG repeats in the androgen receptor gene

may enhance hyperandrogenicity in polycystic ovary syndrome.

Gynecol. Endocrinol. 24, 669–673 (2008)

Table 1 AR CAG repeat lengths in HA and NC girls

Short allele Long allele Biallelic mean

NC (n = 13) 19.5 ± 1.2 (0.6) 23.6 ± 2.1 (0.6) 21.5 ± 1.6 (0.4)

HA P-sensitive (n = 6) 18.2 ± 3.7 (1.5) 23.0 ± 3.1 (1.3) 20.6 ± 3.2 (1.3)

HA P-insensitive (n = 6) 18.2 ± 3.4 (1.4) 24.2 ± 3.1 (1.2) 21.2 ± 1.7 (0.7)

Data are presented as mean ± SD (SEM)
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