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Abstract. Gliucocorticoids modulate ovarian function in cattle. However, their regulatory mechanisms have not been
fully elucidated. In the present study, we examined gene expression of two glucocorticoid-metabolizing enzymes, a
bidirectional 114-HSD type 1 (11HSD1) and a dehydrogenase 114-HSD type 2 (11HSD2), and gluicocorticoid receptor
(GR) in bovine follicles during follicular maturation and atresia. Granulosa cells (GCs) and theca interna layers (TIs)
were harvested from follicles classified as small growing, dominant, preovulatory, early atretic and late atretic follicles.
The expression levels of 11HSD1, 11HSD2 and GR mRNA were quantified by real-time PCR. In the healthy follicles,
expression of 11HSD1 mRNA increased as follicles matured, both in GCs and TIs. A significant negative correlation
was found between the concentration of cortisol in follicular fluid and the level of 11HSD1 mRNA in GCs. The
expression of 11FISD2 and GR was either very low or largely unchanged during follicular maturation. In the atretic
follicles, a drastic increase in the expression of 11HSD2 was observed both in GCs and Tls. To assess the effect of FSH
on the expression of 11HSDs and GR, GCs were cultured with FSH {0-100 ng/ml) for up to 6 days. FSH increased
11HSD1 mRNA in a dose-dependent manner, but not. 11HSD2, nor GR. Taken together, these results suggest that
developmentally-regulated 11HSD1 plays a pivotal role in modulating the local glucocorticoid environment in

maturing bovine follicles.
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: e ovary is a glucocorticoid target organ, and actions of gluco-

T corticoids on ovarian functions have been reported in several
species [1]. Glucocorticoids appear to exert both stimulatory and
suppressive effects on follicular functions. Glucocorticoids
enhance FSH-stimulated progesterone synthesis in cultured granu-
fosa cells (GCs) of rats and caitle [2—3] and thecal androgen
production in cattle [5, 6]. Oxytocin production is also stimulated
by glucocorticolds in cultured bovine GCs [7]. On the other hand,
glucocorticoids have been shown to suppress P450 aromatase
(P430arom) activity and decrease the number of LH receptors (LH-
R) in rats [2, 4], cattle [5] and pigs [8]. These results indicate that
glucocorticoid action has to be appropriately regulated to ensure
healthy follicular development. The ovary appears to cope with
this problem by expressing two glucocorticold metabolizing
enzymes, 114-HSD type 1 (11HSDI) and type 2 (11HSD2).
Research has shown that 11HSD1 s predominantly a reductase that
acts as an activator of glucacorticoids. (converts inactive glucocor-
ticoids, such as cortisone to cortisol), while 11HSD2 is a

Received: February 3, 2010

Accepled: July 5, 2010 ‘

Published online in J-STAGE: August 11, 2010

©2010 by the Society for Reproduction and Development
Correspondence: M Tetsuka (e-mail: mtetsuka@obihiro.ac.jp)

dehydrogenase acting as an inactivator [%]. In human and rat preo-
volatory follicles, GCs predominantly express 11HSD2, which

"may protect maturing follicles from suppressive effects of gluco-

corticoids [10-12]. The pattem of 11HSD expression appears to be
different in cattle, where GCs in preovulatory follicles express
11HSD1 but not 11HSD2 [13]. In cattle, 11HSDI might act as a
dehidrogenase rather than a reductase, as a negative correlation
was observed between gene expression of 11HSD1 and concentra-
tions of cortisol in follicular fluid [13]. In that study, however,
11HSD expression was examined only in GCs collected from folli-
cles larger than 10 mm and no developmental change in gene
expression was examined. ‘

Thus, in the present study, we examined the pattern of gene
expression for 11HSD1, 1THSD2 and glucocorticoid receptor (GR)
in bovine GCs and theca interna layers (T1s) during follicular mat-
uration and atresia. To determine the developmental regulation of
these genes, we also examined the effect of FSH on the expression
of these genes in cultured GCs.

Materials and Methods

Sample collection and stornge
Paired ovaries were obtained from Holstein * Japanese Black F1
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Table 1. Systematic classification of the bovine follicles used in the present study

Follicular status Follicular size (mm) E2/P4 CL stage Absence of follicle  Glucose (mg/dl)
GF <85 N/A 1-1I POF/DF NA
DF 285 =1 1-11 N/A N/A
POF =85 =1 v N/A N/A
EAF 285 <1 I-1v NfA =45
LAF 285 <1 I-1v N/A <45

GF, growing follicle; DF, dominant follfclc; POF, preovulatory follicle; EAF, early atretie follicle; LAF, late atretic follicle.

heifers (Bos faurus) at a local slanghterhouse. Only healthy ova-
rian pairs were used in the present study. Follicular fluid (FF) was
aspirated from follicles using a syringe fitted with a 20-G needle
and then kept at —30 C. The aspirated folliéles were dissected from
ovaries and placed in RNAlater™ (Ambion®, Austin, TX, USA)
and. frozen at =30 C. In the laboratory, GCs were carefully har-
vested from the follicular walls using a spatula. The remaining
follicular walls were further cleared of the surrounding stroma and
theca externa as well as remaining GCs under a stereomicroscope
to obtain Tls.

Classification of corpora Iutea and follicles

Corpora lutea (CLs) were macroscopically assessed for color,
vascularity and consistency using published criteria [14] and were
classified into four stages (stage I, days 1—4 post ovulation; stage II,
days 5-10; stage III, days 11-17; and stage I'V, days 18-20).

Follicular diameter was estimated from the volume of FF using
the equation reported by Murasawa ef af. [15]. Follicles were clas-
sified into five groups based on diameter (28.5 mm or <8.5 mm),
relative concentrations of estradiol (E2) and progesterone (P4) in

FF (E2:P421 or <1), concentrations of glucose in FF (245 mg/dl or .

<45 mg/dl), and the stages of accompanying CLs and follicles
(growing follicle, GF; dominant follicle, DF; preovulatory follicle,
POF; early atretic follicle, EAF; late atretic follicle, LAF) [16]
(Table 1).

Gramulosa cell cultire

Ovaries were obtained from Holstein cows at a local slaughter-
house. Granulosa cells were harvested from follicles <8 mm in
diameter by aspiration using a 10-m! syringe fitted with an 18-G
needle. The collected cells were pooled and washed three times
with culture medium. The culture system was based on the n‘u:thod5
reported by Gutierrez ef al. [17] with some modifications; 2 x 10
viable ceils were cultured in 0.5 ml DMEM/F12 with bicarbonate
supplemented with 20 mM HEPES, 3 mM L-glutamine, 100 IU/ml
penicillin, 50 mg/ml streptomycin, 0.1% bovine serum albumin,
2.5 pg/ml transferrin, 4 ng/ml selenium and 100 ng/ml insulin at 37
Cin 5% CQ; in air. The culture medium was supplemented with
fetal calf serum for the first two days, then culture was continued
without serum for up to 6 days with 0-100 ng/ml highly purified
bovine FSH (AFP-5332B; provided by Dr AF Parlow, NIDDK,
USA) and 100 nmol/l androstenedione (Sigma). The spent medium
was replaced with fresh medium every 2 days.

RNA extraction

Tissue and cell samples were homogenized in a denaturing solu-
tion containing 4 M guanidium thiocyarate (Wako Pure Chemical
Industries, Osaka, Japan), 25 mM sodium citrate (Wako), 0.5% sar-
kosyl (Sigma Chemical, 8t. Louis, MO, USA) and 0.1 M £-
mercaptoethanol (Kanto Chemieal, Tokye, Japan). Total RNA was
extracted with phenol-chloroform [18], further purified and treated
with DNase using a commercial kit (SV Total RNA Isolation Sys-
tem: Promega, Madison, WI, USA} and then stored at —30 C in
THE RNA Storage Solution {Ambion).

Reverse transcription (RT) and quantitative PCR

Single-strand cDNA was generated from total RNA (0.5-1.0 pg)
using a commercial kit (Omniscript® Reverse Transeription Kit:
QIAGEN GmbH, Hilden, Germany) and a random primer. The
reverse transcription cycle consisted of a 120-min ¢cDNA synthesis
at 37 C and a 5-min inactivation at 94 C.

Messenger RNA encoding 11HSDI1, 11HSD2, GR, P450arom
and Factin were quantified by real-time PCR (Light Cycler, Roche
Diagnostics, Indianapolis, IN, USA) using a commercial kit (Quan-
tiTect™ SYBR® Green PCR, QIAGEN). The primers were
designed using Primer3 [19] based on reported bovine sequences
(Table 2). The amplification program consisted of an initial 13-
min activation at 95 C followed by 40 cycles of PCR steps (15 sec’
denaturation at 94 C, 25 sec annealing at 58 C, 20 sec extension at
72 C for 11HSDI, 11HSD2, P450arom and fActin; 15 sec dena-
turation at 94 C, 25 sec annealing at 52 C, 25 sec exiension at 72 C
for GR).

For quantification of the target genes, a series of standards was
constructed by amplifying a fragment of DNA that contained the
target sequence for real-time PCR (Table 2). The intra- and interas-
say coefficients of varations for these quantifications were less ‘
than 15%. The values were normalized using factin as the internal
standard, :

Steroid hormone assay :

Concentrations of E2 and P4 in the FF samples were determined
by an enzyme immunoassay (ELA) as published previously [20].
The concentrations of cortisol were determined by using a commer-
cial kit (Enzyme Immunoassay for Cortisol, EA65, Oxford
Biomedical Research, Oxford, MI, USA). The intra- and interassay
coefficients of varation for these assays were less than 10%.

Glucose assay
Concentrations of glucose in the FF samples were determined by
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Table 2. Primers for quantitative real-time PCR

Gene (size: bp) Primer Sequence GenBank no.* Position®
11HSD1 (211} Sense aagcagaccancgggageatt AF348027 532-552
Antisense geagangaacecatecagagea AF548027 - 621-642
11HSD2 (123) Sense cgageactigaatggacagtt AF074706 1033-1053
Antisense cetggataatagegpcggapt AF074706 1135-1155
GR (100) Sense ggotatgacageteggtteca AY238475 1058-1078
Antisense caolttgeocatticactgelg AY238475 1137-1157
P450arom (151) Sense ttgeaangoateeceagptt Z32741 1147-1166
Antisense aggtecacancgggotgpta Z32741 1278-1297
pactin (228) Sense tgccatgtatgtggecatee K00622 162-181
Antisense cgetoggelglggtpataa K00622 371-389

* GenBank (http:/Avww.nebinlm.nih. gov/entrez/query.fegi?db=Nucleotide). ® Nucleotide position in the reported sequence.

Table 3. Characteristics of cach follicular category: diameter and concentrations of estradiol (E2), progesterone (P4),

cortisol and glucose in follicular fluid

Growp (n)  Follicle diameter (mm) E2 (ng/ml) P4 (ng/ml) Cortisol (ng/ml) Glucose (mg/dl)
GF (10) 73%03" 26+1.04 90+1.7 316192 ST8x2.4°
DF (23) 119+ 04" 33.7+£3.4° 18.9:4 1.8 189+3.2 58.2+3.0%
POF (10) 142+ 1.0b 70.2+ 12.6° 22.5 + 2.6 19.8 % 3.0 744+ 2,18
EAF (34 13.4£ 0.4° 10.1+£2.1% 113.5 £ 28.1° 19.4% 3.0 71.6+£2.3°
LAF (8) 1.6%09 26+12¢ 260.8 £ 51.0° 129457 33.8+4.2°

Mean + SEM. GF, growing follicle; DF, dominant follicle; POF, preovulatory follicle; EAF, enrly atretic follicle; LAF, late
alyetic follicle. Values within a row with different superscripts are significantly different (P<0.05).

a colorimetric method using a commercial kit (Glucose CII-Test
Wako, Wako). The intra- and interassay coefficients of variation
were less than 5%.

Statistical analysis

The data were analyzed using a one- or two-way ANOVA fol-
lowed by the Steel-Dwass (in vivo data) or Tukey-Kramer multiple
comparison test (i vitro data). The relationships between the lev-
els of mRNA and size of follicles were analyzed by a regression
analysis. All data were presented as means + SEM with statistical
-significance set at P<0.05.

Results

Characteristics of follicles i
A total of 85 follicles from 63 animals were used in the present
study. The diameters of follicles and concentrations of steroids and
glhucose in FF in each group are shown in Table 3. There were sig-
nificant differences in steroid concentrations among follicke
classes. The concentrations of glucose in FF were comparable to
the levels reported in bovine follicular fluid (30-72 mg/dl) [21).
Despite a precipitous decrease in the E2 concentration in the EAFs,
the glucose concentrations in these follicles were maintained as
high as that in healthy dominant follicles (i.e., POFs and DFs). On
-the other hand, low glucose concentrations were always associated
with low E2 concentrations (i.e., LAFg).

Gene expressions of 11HSD1, 11HSDZ? and GR in follicular
tissues during follicular maturation and atresia

The mRNAs encoding 11HSIY1, 11HSD2 and GR were all
detected in bovine follicles. Expression of 11HSD1 mRNA
increased in both GCs and TIs as follicular maturation progressed
from the GF to the DF/POF (P<0.05, Fig. TA). The expression of
11HSD1 mRNA was largely unchanged in the atretic follicles and
was higher in TIs than in GCs in healthy follicles (GF, DF and
POF: P<0.05, Fig. 1A).

Only negligible levels of 11HSD2 mRNA were detected in the
GCs in GFs. The expression increased slightly but significantly in
DFs and POFs, then dramatically increased in atretic follicles
(P<0.05, Fig. 1B). Comparably higher levels of 11HSD2 mRNA
were observed in Tls. The levels were unchanged throughout folli-
cular development and in EAFs but increased 3-fold in LAFs
(P<0.05, Fig. 1B).

The expression of GR mRNA was unchanged throughout follic-
ular development in GCs and TIs, and increased in atretic follicles
(Fig. 1C). The level of GR mRNA was much hiéher in TIs than in
GCs regardless of the follicular stage (P<0.01).

Relationships between indices of follicular maturation and
levels of gene expression in healthy follicles

To examine the effect of follicular maturation on gene expres-
sion, we correlated the levels of 11HSD and GR mRNA with either
follicular diameter (i.e., morphological index of follicular matura-
tion) or concentration of E2 in FF (i.e., functional index of
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Fig. 1.

follicular maturation) in healthy follicles (Table 4). Significant
positive correlation was observed between the levels of 11HSDI
mRNA and either follicular diameter (r20.50, P<0.005) or the con-
centration of E2 (r20.48, P<0.001) for both GCs and Tls.
Significant positive correlation was also observed between the lev-
els of 11HSD2 mRNA and either follicular diameter (r=0.43,
P<0.005) or the concentration of E2 (r20.45, P<0.005) for GCs but
not TIs, Weak positive correlation was found between the gene
expression of GR and follicular diameter in GCs (r=0.32, P<0.03).

Relationships between levels of gene expression and the
concentration of cortisol in follicular fluid in healthy follicles

Using exponential regression, significant negative correlation
was defected between the levels of 11HSD1 mRNA in GCs and the
concentration of cortisol in follicular fluid (r=-0.44, P<0.005). No
such correlation was found for 11HSD2. Weak correlation was
detected between the expression of GR mRNA in GCs and the con-
centration of cortisol (r——0.39, P<0.05). No correlation was found
between the expression of any genes and follicular cortisol in
atretic follicle.

Time-dependent effect of FSH on the gene expressions of
11HSD1, 11HSD2, GR and P450arom in cultured granulosa
cells ‘

Cultured granulosa cells were treated with 10 ﬂg/ml FSH for up
to 6 days, and the levels of mRNA were quantified for 11HSD1,
11HSD2 and GR along with a typical FSH target gene, P450arom
(Fig. 2). The treatment with FSH increased the gene expression of
11HSD1 as well as P450arom (Fig. 2A, D, P<0.05). Four days of
FSH treatment elicited maximum levels of gene expression of
11HSDI, whereas an extra 2 days of treatment resulted in a farther
15-fold increase in P450arom mRNA. In the control culture, the -
basal levels of these FSH-responsive genes were maintained for up
to 4 days, then decreased by day 6 (P<0.05). The expressions of
11HSD2 and GR mRNA were not affected by FSH treatment but
gradually increased as the culture proceeded in both control and
treated cells (Fig. 2B, C, P<0.05). Treatment with FSH brought
about gradual increases in the concentrations of E2 in the culture

Table 4. Correlations between the levels of 11HSDs or GR mRNA and diameter of follicles, concentration of estradicl (E2)
or cortisol in follicular fluid (FF) in granulosa cells (GC) and the theea interna (TT) of healthy bovine follicles

Gene: tissue Follicular diameter E2in FF Cortisol in FF

11HSD1: GC r=0.50 r=0.48 r=-0.44
P<0.0005 P<0.001 P<0.005

- 11HSD1: TI r=0.55 r=0.53 r=0.06

P<0.0001 P<0.0005 n.s.

I1HSD2: GC r=0.45 r=0.51 r=-0.12
P<0.005 P<0).0005 ns.

11HSD2: T1 r=0.30 r=—0.30 =0.02
ns. ns. ) ..

GR: GC r=0.32 r=0.19 —=0.39
P<0.05 n.s. P<0.05

GR: TI =0.16 r=0.02 r=0.08
.s. ns. n.s.

Healthy follicles inclade growing, dominant and preovulatory follicles (n=43). n.s.: not significant.
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Fig. 2. Time-dependent effect of FSH on the gene expressions of 114

HSD type 1 (11HSDI), 115-HSD type 2 (11HSD2),
glucocorticoid receptor (GR) and P450 aromatase (P450arom) in
cultured bovine granulose cells (GCs). Granulosa cells (2 x 10°
viable cells) were cultured in 0.5 ml DMEM/F12 supplemented
wwith FSH (10 ngfml) for 2, 4 or 6 days and then harvested for
mRNA quantification. Mean + SEM (n=4). *>*¥Z Significantly
different from each other (P<0.05). * P<(.05, ** P<0.01.

media collected at days 2, 4 and 6 (3.8 + 1.9, 7.3+ 04 and 459
2.6 ngfml, respectively). There was a significant positive correla-
tion between the level of P450arom mRNA and concentration of
E2 (r=0.73, P<0.01) but not between the concentration of E2 and
level of FIHSDI mRNA.

Dose-dependent effect of FSH on gene expression of 11HSD1,
11HSD?2, GR and P450arom in cultured granuiosa cells

Granulosa cells were treated with FSH (0-100 ng/ml) for 4 days,
and the levels of gene expressions were quantified for 1 1HSD1 and
11H3D2, GR and P430arom (Fig. 3). Among the three doses tested
(1, 10, 100 ng/ml}, the maximum response was achieved by 1 ng/ml
for P430arom (Fig. 3D). The levels of P430arom expression
steadily decreased as the dose of FSH increased (Fig. 3D, P<0.03).
The gene expression of 11HSD1 was increased in a dose-dependent
manner by the FSH treatment (Fig. 3A, P<0.03). The expressions
of 11HSD2 and GR were not affected by the FSH treatment (Fig.
3B, C). Treatment with FSH brought about a dose-dependent
decrease in the concentrations of E2 in the culture media collected
at day 4 (0.3 £ 0.1,34.0::3.8,22.5+ 2.0 and 13.8 & 1.1 ng/ml for
0, 1, 10 and 100 ng/ml FSH, respectively). There was highly sig-
nificant positive correlation between the level of P450arom mRNA
and concentration of E2 (r=0.90, P<0.0001) but not between the
concentration of E2 and level of 11HSD1 mRNA.

Discussion

In the present study, we demonstrated that maturing bovine fol-
licles express both 11HSD1 and 11HSD2 mRNA. The expressicn
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Fig. 3. Dose-dependent effect of FSH on the gene expressions of 115

HSD type 1 (I11HSDI1), 118-HSD type 2 (11HSD2),
glucocorticoid receptor (GR) and P430 aromatase (P450arom) in

cultured bovine granulose cells (GCs). Granulosa cells (2 x 10°
viable cells) were cultured in 0.5 ml DMEM/F12 supplemented
withAvithout FSH (0100 ng/mi) for 4 days and then harvested
for mRNA quantification. Mean + SEM (n=3). *? Significantly
different from each other (P<0.05).

of 11HSDI increased as follicular maturation progressed both in
GCs and TIs, whereas that of 11HSD2 was very low in GCs and
unchanged in Tls, indicating 11HSD1 is the dominant 114HSD in
mature bovine follicles. Significant negative correlation between
the level of 11HSD1 mRNA in GCs and the concentration of corti-
sol in FF confirms the findings of our previous study [13] and
further implies that 11HSD1 may act as a dehydrogenase rather
than a reductase in these follicles.

Glucocorticoids are not produced by the ovary and are derived
from the adrenal gland in an endocrine manner. In cattle, adrenal
seeretion of glucocorticoids is under circadian control, being high
in the morning and low in the evening, with strong ultradian
rhythms [22]. The secretion of glucocorticoids is also increased by
mental and physical stresses [23]. Thus, the ovary is contineously
exposed to periodic and sporadic waves of glucocorticoids.
Increases in glucocorticoids may exert deleterious effects on
bovine follicular maturation by suppressing P450arom activity and
LH-R expression [3]. Therefore, upregulation of 11 4-HSD dehy-
drogenase that inactivates glucocorticoids might be an important
mechanism to protect maturing follicles from circulating glucocor-
ticoids., In rats and humans, 11HSD2 appears to play this
protective role [10, 11]. Maturing follicles in these species
expressed high levels of 11HSD2 in granulosa and theca/finterstitial
cells, whereas the expression of 11HSDI was low or negligible.
Recently, Sunak ef al. [24] demonstrated that both cortisol oxida-
tion and NADP(+)-dependent 11HSD1 dehydrogenase activity in
porcine GCs increase as follicular development progresses. Since
no 11-ketosteroid reductase activity was observed in the GCs, the
authors concluded that 11HSDI acts as a dehydrogenase in mature
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porcine follicles [24]. The results of the present study, as well as
that of our previous study [13], parallel the results obtained in the
pig and indicate that the 11HSD1-mediated glucocorticoid inacti-
vating mechanisin 1s also finctional in bovine maturing follicies.

In the glucocorticoid target organs, 11HSD1 acts primarily as a
NADPH-dependent reductase [9, 25]. However, the dircction of
metabolism is altered by the availability of cofactors and carbohy-
drate substrates [25-31]. In rat Leydig cells, 11HSD] acts as a

. dehydrogenase and protects steroidogenesis from inhibitory effects
exerted by the active glucocorticoid, corticosterone [26, 32]. Like-
wise, 11HSD1 was shown to predominantly act as a dehydrogenase
in the ovine placenta, where it protects the fetus from adverse
effects of maternal gllicqcorticoids [33].

As follicles mature, androgen production in Tls and its conver
sion to estrogen in GCs are enhanced [34]. Because both reactions
require NADPH as a hydrogen donor, the intracellular ratio of
NADPH to NADP(+) is likely to be lower in preovulatory follicles.
This may be the reason why 11HSDI aets as dehydrogenase in
these follicles [28]. Ifthis is the case, 11HSDI benefits P430 17a-
hydroxylase and P450arom by not only supplying cofactors, but
also by preventing antagonistic effects of cortisol on estrogen bio-
synthesis. To confirm this hypothesis, however, well-designed
expenments are necessary. ’

The present study demonstrated that the expression of 11HSDI
mRNA steadily increased as follicular development progressed
both in GCs and Tls. FSH appears to be responsible for the upreg-
ulation of 11HSD] gene expression in bovine GCs, as has been
shown in cultured human and rat GCs [12, 35]. The expression of
11HSD2, on the other hand, was not affected by FSH, implying that
the alteration of glucodorticoids metabolism associated with follic-
ular maturation is primarily regulated by FSH-responsive 11HSD1
in bovine GCs. Tn the present study, highly significant positive cor-
relations were found between the expression of 11HSD1 and the
concentration of E2 in FF, both for GCs and Tls. It is not likely,
however, that E2 npregulates 1 1HSD1 mRNA in GCs. In the time-
dependent experiment, the expression of 11HSDI was maximally
stimulated by day 4, at which point the E2 concentration in the
medium was still low, whereas the expression was not altered by
the presence of high levels of E2 in the medium at day 6. Likewise,
high doses of FSH decreased GC E2 output dose dependently,
while the expression of 11HSD1 steadily increased. Moreover, no
correlation was found between the expression of 11HSD1 mRNA
and the concentration of E2 in the media in these experiments,

The dose-dependent experiment clearly showed that the gene
expressions of 11HSDI1 and P450arom are differentially regulated
by high levels of FSH. This situation resembles the precvulatory
period after the LH surge, in which the gene expression of 11HSD1
increases [10, 11] while that of P430arom precipitously decreases
[36). During this period, 11HSD1 appears to act predominantly as
a reductase and increases local concentrations of cortisol in FF
[12]. Therefore, this differential regulation may be the mechanism
that allows 11HSDI to preferentially utilize NADPH, thus acting
as a reductase. Using a microdialysis perfusion system embedded
in the follicular wall, we demonstrated that a temporal increase in
follicular cortisol occurs around the preovulatory LH surge in cattle

[37]. Since no increase in circulating cortisol was observed in
plasma, we concluded that the local mecharism that increases cor-
tisol at a response to the preovulatory LH surge is also functional in
cattle. Whether this increase in cortisol output is mediated by
11HSD1 is not known. Further study is necessary to clarify the
exact role of 11HSD1 in bovine periovulatory follicles.

In the present study, 11HSD2 mRNA was expressed stably in
TTs throughout follicular maturation. This result implies that the
11HSD2 mediating protection system mainly operates in the TIs of
bovine follicles. However, thel IHSD2 expression in GCs, albeit
low, might still play a physiological role in these follicles. It has
been shown that bovine GCs express both 11HSD2 mRNA and
protein, and NAD(+)-dependent dehydrogenase activity (i.e.,
11HSD2 activity) was evident in GCS homogenate prepared from
precvulatory follicles [38]. In rat Leydig cells, the gene expression
of 11HSDZ was shown to be about 1000-fold lower than that of
11HSDI, yet significant NAD(+)-dependent 11HSD2 dehydroge-
nase activity was observed [32]. Thus, upregulation of 11HSD2
gene expression in GCs found in the present study may play an
important role in maturing fotlicles. The presence of a high affinity
11HSD2 along with low affinity I1HSD1 may be beneficial for
GCs to cope with a wide range of glucocorticoids as suggested for
the Leydig cells of rats [32]. .

In the present study, neither follicular maturation nor FSH treat-
ment affected the expression of GR mRNA. These results are in
accordance with our previous study in which the treatinent with
eCG increased the expression of 1 1HSD1 mRNA but not GR in
immature rat ovaries [11]. Taken together, these results suggest
that the transcriptional regulation of GR is not a part of the ovarian
glucocorticoid regulatory mechanism in caitle.

Without a preovulatory gonadotropin surge, dominant follicles
lose their ability to ovulate and undergo an atretic process charac-
terized by a rapid decrease in estrogen synthesis [39]. Gene
expression of steroidogenic enzymes and gonadotropin receptors is
also downregulated in atretic follicles [39, 40]. In the present
study, however, the expressions of 11HSDs and GR mRNA were
either dramatically upregulated or maintained in the atretic folli-
cles. Thus, the expressions of 11HSDs and GR are spared from the
atresia that dismpts follicular estrogen biosynthesis. Although the
physiological significance of this phenomenon is not clear, the dra-
matic upregelation of 11HSD2 mRNA in GCs implies a
physiological role for this enzyme in the atretic process. Likewise,
T1HSD1 may act as a dehydrogenase under the hypoglycemic con-
dition found in LAFs. It has been reported that depletion of glucose
and pyravate in the culture medium suppressed 11HSDI1 reductive
activity to nearly undetectable levels in cultured rat Leydig cells
[26]. In LAFs, the concentrations of cortisel in FF tended to
decrease; however, no correlation was found between the expres-
sion of 1IHSD mRNA and the cencentration of follicular cortisol.
Further study is necessary to clarify this point.

In conclusion, the results of the present study showed that the
gene expression of 11HSD, but not that of 11HSD2, is develop-
mentally regulated in maturing bovine follicles. Thus, 11HSD]
plays a pivotal role in modulating the local glucocorticoid environ-
ment in bovine preovulatory follicles.
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