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Abstract
Objective—To determine whether granulosa cells contribute to excess androgen production,
inhibin B (Inh B) responses to hCG were assessed in women with polycystic ovary syndrome
(PCOS) and normal women.

Design—A prospective study.

Setting—An academic medical center.

Patients—20 women with PCOS and 16 normal women.

Interventions—Blood samples obtained before and 24 hr after injection of recombinant hCG (r-
hCG), 25 µg.

Main Outcome Measures—Basal and stimulated Inh B, estradiol (E2), androstenedione (A4),
and testosterone (T) responses after r-hCG administration.

Results—In normal and PCOS women, r-hCG induced a significant reduction of Inh B levels.
Lowered Inh B responses were not related to BMI, PCOS status and age by multivariate
regression. r-hCG significantly increased serum A4 and E2 in both normal and PCOS women.

Conclusions—In normal and PCOS women, Inh B production was deceased following r-hCG
administration. These findings strongly suggest that in PCOS women androgen excess is not
enhanced by LH-stimulated Inh B production.
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Introduction
In women with polycystic ovary syndrome (PCOS), excessive ovarian androgen production
is a major pathophysiological feature. The basis for androgen overproduction has been
attributed to altered theca cell responsiveness to gonadotropin stimulation in association
with increased pituitary LH secretion (1–3). In particular, hyperandrogenemic women with
PCOS have exhibited exaggerated 17-hydroxyprogesterone (17–OHP) production in
response to hCG compared with those observed in normal women (4). In addition, studies
have shown that women with PCOS exhibit significant increases in circulating androgens
after an acute injection of FSH, which suggests that ovarian androgen production may also
be subject to paracrine regulation by factors derived from granulosa cells (GCs) (5). Early in
vivo and in vitro animal reports have suggested an interaction between adjacent granulosa
and theca cells because reduction of androgen production was observed after removal of
GCs from theca tissue cultures (6, 7). Subsequently, it was shown that ovine theca cells co-
incubated with conditioned media from FSH-stimulated GC cultures produced significantly
more LH-induced androgen than theca cells incubated with untreated media (8). In addition,
LH-stimulated androgen production from cultured rat theca cells of animals pretreated with
FSH was substantially greater than that produced by theca cells of animals treated with
vehicle (9).

Among GC-derived proteins, inhibin appears to enhance LH-mediated androgen production.
In cultured human ovarian theca cells, the presence of inhibin was clearly associated with
greater production of androgen compared with that observed in the absence of inhibin (10,
11). In addition, inhibin was dose-dependently able to negate the inhibitory effect of activin
on human theca cell androgen production (12). In women with PCOS, significant increases
in ovarian androgens stimulated by FSH were accompanied by similar significant
increments in FSH-stimulated inhibin B (Inh B) levels compared with those of normal
women (5).

Granulosa cells are also known to possess LH receptors. During normal follicular
development, acquisition of LH receptors by GCs occurs with advanced stages of growth
and antrum formation (13–15). However, in GCs obtained from ovaries of anovulatory
PCOS women, LH receptor mRNA expression was abundant in small antral follicles
between 4–8 mm (16). This suggests that inhibin production may be enhanced by increased
LH secretion in women with PCOS, which may provide an indirect mechanism of androgen
production beyond that of direct theca cell stimulation by LH. We have previously
demonstrated that women with PCOS exhibit a marked androgen production in response to
hCG administered intravenously (4). To further explore whether excess androgen production
may be coupled to corresponding inhibin responses to hCG, Inh B, E2 and androgen levels
were assessed prior to and following intravenous administration of hCG to women with
PCOS and normal women.

Materials and Methods
Participants

Twenty women with PCOS and 16 normal women were recruited. The diagnosis of PCOS
was based on 1992 NIH criteria: clinical and/or biochemical evidence of hyperandrogenism
and irregular menstrual bleeding, either oligomenorrhea or amenorrhea (17).
Oligomenorrhea was defined as irregular menstrual bleeding occurring less than six times a
year. Each PCOS subject had enlarged polycystic ovaries by ultrasound. The antral follicle
count per ovary was greater than 12 in all subjects. None of the follicles exceeded 9 mm in
diameter and the vast majority were 2–5 mm in size. Normal women did not exhibit
enlarged ovaries, had antral follicle counts of 7–10 per ovary, and no follicles greater than
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10 mm in diameter. PCOS and normal women had comparable mean ages (± SE) of 27.5 ±
0.9 and 27.9 ± 1.4 yr, respectively. Mean body mass index (BMI) was higher in PCOS
subjects (34.7 ± 16 vs. 29.3 ± 2.2 kg/m2, respectively; P<0.05). Late-onset congenital
adrenal hyperplasia was excluded by serum 17-OHP less than 2 ng/ml. Circulating TSH and
prolactin were normal among all subjects. No subject had received hormone medication for
2 months before study. The study was approved by the Human Research Protection Program
at the University of California, San Diego (UCSD), and written informed consent was
obtained from each participant.

Procedures
Subjects were admitted to the General Clinical Research Center at UCSD on the day of
testing. Each subject received recombinant hCG (r-hCG), 25 µg, as an iv bolus. In normal
subjects, r-hCG was given during the midfollicular phase of the menstrual cycle. In PCOS
women, r-hCG was administered on a random day. Blood samples were obtained at 0 and 24
h after r-hCG administration. None of the PCOS subjects had experienced recent ovulation,
as evidenced by absence of recent menstrual bleeding for 2 months before study and serum
progesterone (P4) less than 2.0 ng/ml.

Assays
Serum Inh B levels were measured using a commercially available Gen II ELISA (Beckman
Coulter, Inc., Brea, CA), with a sensitivity of 2.6 pg/ml, intraassay CV of 2.2–3.8%. Serum
estradiol (E2), androstenedione (A4), and testosterone (T) were measured by well
established RIA with intra-assay CV less than 7% (18, 19). Briefly, radioimmunoassay for
E2, A4 and T were developed in-house. The labeled antigen is commercially available. The
antibodies were raised in rabbits and checked for cross reactivity to other steroid hormones.
Standards are made from reagents which are also commercially available. To ensure a
specific assay the samples were purified in a two step process. Initially, to separate
hydrophilic from hydrophobic hormones 7.0 ml of solvent (hexane:ethyl acetate) was added
to 0.8 ml of serum and vortexed. The solvent was decanted and chromatographed on a
microcelite column. Chromatography columns utilized ethylene glycol:propylene glycol as
the stationary phase. The chromatography system was checked for separation by comparing
radioactive peaks to immunoreactive peaks. Each sample was chromatographed on a celite
column separating the steroids based on their polarity. Individual purified steroid fractions
were then used in their respective radioimmunoassay. Serum 17-OHP was measured by RIA
with intra-assay CV less than 7% (Diagnostic Systems Laboratories, Inc., Webster, TX).
Serum concentrations of LH and FSH were measured by radioimmunoassay (RIA) with
intra- and inter-assay coefficients of variation (CV) of 5.4% and 8.0%, respectively, for LH
and 3.0% and 4.6%, respectively, for FSH (Diagnostic Products Corp., Los Angeles, CA).

Statistical analysis
STATA software (Release 12, College Station, TX) was used for analysis. Summary
statistics were performed for all variables. Graphic displays of continuous variables were
explored to determine data distributions. As the distribution of hormone levels did not meet
the assumptions of normality, non-parametric tests were used. Baseline hormone values
were compared by PCOS status by using the Wilcoxon rank-sum test. The Wilcoxon sign-
rank test was used to compare hormone responses over 24 hours (hr 0 versus hr 24) after r-
hCG injection. To determine variables associated with the change in Inh B, linear regression
methods were used to model the association between the percent change in Inh B levels and
covariates. For all analyses, P values less than 0.05 were considered statistically significant.
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Results
Baseline hormone concentrations in PCOS and normal women

Baseline circulating hormone levels are shown in Table 1. In women with PCOS, serum LH,
T, A4 and 17-OHP levels were significantly greater than those of normal controls. Serum
FSH and E2 were similar between groups.

Inhibin B response to r-hCG administration
Prior to r-hCG administration baseline Inh B levels were not significantly different between
normal women and women with PCOS (Fig. 1 and 2). Following r-hCG injection both
groups exhibited decreases in circulating Inh B at 24 hr. In normal women the median serum
Inh B level (interquartile range [IQR]) declined from 95.3 (50.9) to 66.6 (28.2) pg/ml (30%)
(P = 0.002) as lowered responses were observed in 14 of 16 individuals (Fig. 2). In one
subject the Inh B response was increased while in another there was no change. In women
with PCOS the reduction of Inh B from 83.7 (37.2) to 73.6 (42.4) pg/ml (12%) (P = 0.05)
was less compared to that of the normal group. Decreased responses were observed in 13 of
20 individuals while Inh B rose in 4 and were unchanged in 3.

On univariate analysis, the percent change in Inh B decreased with increasing BMI (β=−
0.03 [95% CI −0.06, −0.001], P = 0.05), but was not associated with age (p=0.81) or PCOS
status (P = 0.37). This association between the change in Inh B and BMI was no longer
statistically significant (P = 0.08) in multivariate linear regression model adjusting for age
(p=0.85) and PCOS status (P = 0.71).

E2 responses to r-hCG administration
Significant rises of serum E2 following r-hCG were observed in normal women (P = 0.05)
and in women with PCOS (P = 0.003) as shown in Table 2. In women with PCOS E2
responses were higher after r-hCG although the percent change of response was not different
between groups.

Androgen responses to r-hCG administration
Both normal and PCOS women demonstrated significant (P =0.001) increases of A4 after
receiving r-hCG (Table 2)http://jcem.endojournals.org/content/96/4/1106.long-F2#F2. The
percent change in A4 was similar between normal and PCOS women. Increased T responses
to r-hCG were not observed in normal women while the incremental response in PCOS
women approached statistical significance (P =0.07).

Discussion
The results of this study have demonstrated that in normal women as well as in women with
PCOS serum Inh B levels following r-hCG administration were significantly reduced
compared to baseline values. The lowered Inh B responses were not related to any covariate
in a model that adjusted for BMI, PCOS status and age. In women with PCOS, serum T, A4
and E2 responses after hCG were increased whereas in normal women significant
increments were noted for A4 and E2.

The finding of reduced Inh B production in response to hCG in normal women was
unexpected as previous clinical studies have demonstrated that serum Inh B was not
significantly altered by subcutaneous (sq) or intramuscular (im) administration of r-hLH or
hCG, respectively (20, 21). The lack of response to r-hLH in previous studies was attributed
to a lack of small antral follicles and absence of LH receptors as ovarian suppression had
been induced by GnRH agonist 2 weeks prior to stimulation (22). Another consideration was
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that the dose of r-hLH administered to normal women resulted in minimal increments of
circulating LH levels, about 1 mIU/ml, that were insufficient to increase Inh B or ovarian
steroid production. Administration of hCG, 5,000 IU intramuscularly was noted to decrease
Inh B levels in normal women; however, the Inh B decrement did not achieve statistical
significance despite significant production of E2 (21). Notably, serum androgen levels were
not increased by this dose of hCG. These results were consistent with in vitro studies in
which cultured GCs from small antral follicles failed to exhibit changes of Inh B when
treated with hCG (22). The difference in Inh B responses to r-hCG between our results and
those previously reported for normal women, at least in part, may be due to the amount of
gonadotropin and route of administration.

Decreased Inh B responses to r-hCG in women with PCOS in the current study were
consistent with previously published findings by Welt et al (20). While the inverse
relationship of basal serum Inh B levels to age and BMI has been well recognized in normal
and PCOS women, responses of Inh B to hCG were not influenced by age or BMI in our
subjects as assessed by multivariate linear regression (23–25). Moreover, Inh B suppression
by r-hCG was not a unique feature of PCOS status which likely reflected the similarity of
response in both groups. Earlier reports have demonstrated in cultured granulosa-luteal cells
obtained from aspirated follicles of women with unexplained or male factor infertility
undergoing in vitro fertilization that Inh B production was decreased by relatively low doses
of LH and hCG (26–28). However, in these studies luteinized granulosa cells were obtained
from large follicles (>10 mm) following controlled ovarian hyperstimulation. These findings
suggest that with advanced follicle maturity and/or luteinization Inh B production by
granulosa cells may become highly responsive to the effects of hCG.

A limitation of this study is the small number of PCOS subjects studied. In contrast to
normal subjects in whom decreased Inh B responses were observed in 14 of 16 individuals,
similar declines in women with PCOS were noted in only 13 of 20 subjects whereas Inh B
rose in 4 and was unchanged in 3. These findings suggest the possibility that our findings in
PCOS women may have been due to chance and that a larger sample size may have revealed
a reversal of these findings.

In conclusion, our findings do not exclude a possible role for Inh B in excessive theca cell
androgen production as we have previously shown that FSH-stimulated increases of ovarian
androgens are accompanied by corresponding rises in Inh B (29). However, it appears that
androgen production induced by r-hCG arise from a direct action on TC steroidogenesis.
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Figure 1.
Box and whisker plots showing median serum Inh B levels and interquartile ranges at
baseline and 24-h after iv administration of 25 ug of r-hCG in normal and PCOS women.
The decline in Inh B following r-hCG was significant in normal (P = 0.002) and PCOS (P =
0.05) women. The closed circle in the baseline PCOS box plot denotes an Inh B value
outside of the 95 percentile.
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Figure 2.
Individual baseline and 24-h serum Inh B levels following iv administration of r-hCG, 25
ug, in normal and PCOS women.

Shayya et al. Page 9

Fertil Steril. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Shayya et al. Page 10

Table 1

Mean (SE) basal clinical and serum hormone data in normal women and women with PCOSγ

Normal
(n = 16)

PCOS
(n = 20)

Age (yrs) 27.9 ± 1.4 27.5 ± 1.6

BMI 29.3 ± 2.2 34.7 ± 11.6*

LH (mIU/ml) 3.8 ± 0.5 8.0 ± 1.1**

FSH (mIU/ml 5.8 ± 0.4 5.3 ± 0.3

E2 (pg/ml) 52 ± 6 46 ± 3

T (ng/ml) 0.29 ± 0.04 0.48 ± 0.04**

A4 (ngml) 0.93 ± 0.08 1.56 ± 0.10***

17-OHP (ng/ml) 0.66 ± 0.10 1.09 ± 0.09**

Inh B (pg/ml) 92.6 ± 7.7 100.5 ± 13.5

γ
Baseline characteristics compared by Wilcoxon rank sum test

*
p<0.05;

**
p<0.01;

***
p<0.001 PCOS vs Normal

To convert to SI units multiply by the following conversion factor: E2 (3.67); T (3.47); A4 (3.49); 17-OHP (3.03); Inh B (0.00003125)
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Table 2

Mean (±SE) steroid hormone levels before and 24 hrs after r-hCG, 25 µg iv, in normal women and women
with PCOSγ

E2
(pg/ml)

A4
(ng/ml)

T
(ng/ml)

Normal

  Baseline 51 ± 6 0.93 ± 0.08 0.29 ± 0.04

  24 hour 62 ± 6* 1.25 ± 0.10** 0.32 ± 0.04

PCOS

  Baseline 46 ± 3 1.56 ± 0.10 0.48 ± 0.04

  24 hour 76 ± 8** 2.25 ± 0.15** 0.57 ± 0.05

γ
Baseline and 24 hour steroid hormone levels compared by Wilcoxon signed-rank test;

*
p<0.05;

**
p<0.01 24 hour vs. Baseline

To convert to SI units multiply by the following conversion factor: E2 (3.67); A4 (3.49); T (3.47)
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