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Abstract. Glucocorticoids modulate ovarian function in cattle. However， their regulatory mechanisIDS have not been 
fullyelucidated. In the present study， we examined gene expression of two glucocorticoid-metabolizing町田戸nes，a 
bidirectional 11，s-HSDザpe1 (11HSD1) and a dehydrogenase 11βHSDザpe2 (11HSD2)， and glucocorticoid receptor 
(GR) in bovine follicles during follicular mahlration and atresia. Granulosa cells (GCs) and theca intema layers (TIs) 
were harvested from follicles classified as small grmving， dom白血t，preovulatory， early atretic and late atretic follic1es 
The expression levels of llHSD1， llHSD2 and GR mRNA were quantified by real-time PCR. In the healthy follicles， 
expression of llHSD1 mRNA increased as follicles matured， both in GCs andτ15. A significant negative correlation 
was found betv.reen the concentration of cortisol in follicular fluid and the level of l1HSDl rnRNA in GCs. The 
expression of 11HSD2 and GR was either very low or largely unchanged durIng follicular maturation. In the atretic 
follic1es， a drastic in口easem出eexpression of llHSD2 w田 observedboth in GCs and T1s. To assess the effect of FSH 
on the expression of llHSDs 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 noιllHSD2， nor GR. Taken togethe乙theseresults suggest that 
developmentally-regulated l1HSDl plays a pivotal role in modulating the local glucocorticoid environment in 
m曲目ingbovine follicles 
](ey words: Bovine， Cortisol， ll，s-HSD， Follicle， Glucocorticoid receptor， mRNA 

T lh1… ryl目旧吋sa叫a刊gh…rt出巾附hcoω問 凶c叩o
c叩or巾lic∞oids00 ov叩a叩na岨n白白Jfl即1阻cti叩o凹n回E凶sha阻av四ebeen r問e叩P戸。r此t吋 in several 

speαe回s[1リ].Gluc印。c∞o町r巾tlC叩oidsa叩pp戸e悶a町rt，柏oe、却:ertboth stimulat01Y and 

suppressive effects 00 folIicular functions. Glucocorticoids 
enh叩 ceFSH-stimulatcd progesterone synthesis in cul加redgr，胡u-

10s3 ceJls (GCs) of rats and cattle [2-5] and thecal andro呂田

production in回目le[5， 6]. 0可tocinprodllction is also stimulated 
by glucocorticoids in cul加rcdbovinc GCs [7]. On the other hand， 

glucocorticoids have been shown to suppress P450 aromatase 
(P450arom) activity and decrease the number ofLH recepto四 (LH-
R) in rats [2，4]， cattle [5]岨 dpigs [8]. These resu1ts indicate that 

glucocorticoid action has to be appropriately regulated to ensure 
healthy fol1icular development. The ovary appears to叩 pewith 
this problell1 by expressillg two glucocorticoid metabolizing 

enzymes， ll，s-HSD type 1 (1IHSD1) and type 2 (I1HSD2) 
Research has sho、，¥.nthat llHSD 1 is predomill四，tlya reductase that 
acts as皿 activatorof glu∞co巾 coids.(collve巾 inactiveglllcocor~ 

ticoids， such as cortisone to cortisol)， while llHSD2 is a 
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dehydrogenase acting as an Inactivator [9]. III human alld rat preo~ 

vulatory follicles， GCs prcdoll1Inantly express 11HSD2， which 
may protect ll1aturing fol1icles丘'omsllppres~ive effects of glllco~ 
co巾coids[10-12]. The pattern of llHSD 田 presslOnapp回目tobe 
different in cattle， where GCs in preovulatory follicles 田 press

~IHSDl but 110t llHSD2 [13]. In cattle， llHSDlll1ight act as a 
deh)'drogellase目白erthall a reductase， as a llegative correlatioll 
was observed between gel田町pressiollof llHSDl alld concentra-

tions of cortisol in follicular fluid [13]. 111 that study， however， 

l1HSD exprcssion was examined only in GCs collccted from foIli~ 
cles larger than 10 mm alld 110 developmental change in gel日
expresslOl1、、rase'、amined

Thus， ill the present study， we examil1cd the pattem of gene 
exp悶 sionfor 11HSD1， 11HSD2叩 dglu∞corticoid回目ptor(GR)

il1 bovil1e GCs and theca intema layers (TIs) dnril1gおllicularmat-
U四tion剖 datresia. To detenllil1e the developmental regulation of 
these gel1es， we also examined the effect of FSH Oll the 臥 presslOn

of these genes in cul加redGCs 

Ma!erials and Methods 

Sample coIlection and storage 
Pai田dovaries were obtail1ed from Holstein x Japanese Black F 1 
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Tablc 1. Syslemalic classificatIon ofthe bovine品lliclesused in the present sludy 
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GF， growing品IIicle;DF， dominanl follicle; POF， preo叩 latoryfollicle; EiえF，early alretic follicle; LAF， late atre出品llicle

RNAe.λtraction 
Tissue and cell smnples were homogenized in a denaturing solu-

tion containIng 4 M guanidium thiocyanate (Wako Pure Cher山 田l

Indllstries， Osaka， Japan)， 25 mM  sodium citrate (Wako)， O.5%sar 

kosyl (Sigm8 Chemical， 8t. Louis， MO， USA) 8nd 0.1 M β 

m町田ptoetl回 101(K叩 toChemical， Tol..'y'o， Japan). To佃IRNAwas

extracted with phello卜chloroform[18]， further puri自吋叩dtreated 

、vithDNase using a co剛mercialkit (SV Total RNA Isolation Sys-

tem: Promega， Madison， WI， USA) and then stored at -30 C in 

THE RNA Storage Soluti叩 (Ambion)。

hei品目 (BostOllntS) at a local slallghterhouse. Only healthy ova 

n削 pairswere used in the present study. Fol1iclllar fluid (FF)、"'"
aspl悶 tedfrom日olliclesusing a syrillge fitted with a 20-G needle 

and thell kept.at -30 C. 'I:!le aspirated follicles ，ve田 di田ectedfrom 

ovaries and placed in RNAlater™ (Ambion@， Austin， TX， USA) 

副ld.frozell at -30 C. In the laboratory， GCs were careflll1y har-

、'estedfrom the follicular walls using a spatula. The remaining 

folJicular waJls were且utherc1eared ofthe sllffOllnding stroma and 

theca e:¥.'1ema as well as remaining GCs ullder a stereomicroscope 

to obtain TIs 

Reverse transcription (RT) and quanti加訂むePCR
Sillgle-strand cDNA was gel'日目tedfrom total RNA (0.5-1.0μg) 

using a commercial kit (0川町script@Reverse Trallscription Kit 

QIAGEN GmbH， Hilden， Germany) and a random primer. The 

reverse transcription cycle c叩 sistedof a 120-min cDNA synthesis 

at 37 C and a 5-min inactivation at 94 C 

Messenger RNA encoding lIHSD1， l1HSD2， GR， P450arom 

and s-actin were qllantified by real-ttme PCR (Light Cycler， Roche 

Diagnostics， Indianapolis， lN， USA) lIsing 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 progralll consisted of an initial 15 

mill activation at 95 C followed by 40 cycles of PCR steps (15田 C

denatllration at 94 C， 25 s∞annealing at 58 C，20 sec extensi叩 at

72 C for llHSD1， 1 l!-ISD2， P450arom and βActin; 15 sec d聞 か

UI回 tionat 94 C， 25 sec annealing at 52 C， 25 sec ext叩 sionat 72 C 

forGR) 

For quantificatioll of the target genes， a series of standards was 

constructed by amplifyillg a fragmellt of DNA that containcd the 

target sequence for real-time PCRσable 2). The intra-叩 dIllte四 s-

say coefficie羽tsof variatIons for these quantifications were less 

than 15拍 Thevallles were Ilormalized using s-actin as the intemal 
standard 

Cla55ずI四 tionof corpora lutea and fo1licles 
Corpora lutea (CLs) wcrc macroscopically assessed for color， 

vascularity and cOllsis担llCyusillg published criteria [14] and were 

classified into品urstages (stage 1， days 1-4 post ovulation; stage II， 

days 5-10; stage III， days 11-17; and stage IV， days 18-20) 

Follicular diameter was estimated from the volume of FF using 

the equation reported by MlI悶sawaet al. [15]. Follicl問、vereclas-

sified into five grollps based on diameter (::::8.5 mm or <8.5 nun)， 

relative concentrations of estradiol (E2) and progesterone (P4) in 

FF (E2:P4主l町 <1)，concentrat回出ofglucose il1 FF (亙45mg!dl or 
<45 mg/dl)， and the stages of accompanying CLs and follicles 

(growing follicle， GF; domIl1ant follicle， DF; pr田 vulatoryfollicle， 

POF; early atretic follicle， EAF; Iatc atretic follicle， LAF) [16] 

(Table 1) 

5t"，凹'dhonnone assay 
Conc叩 t四.tionsofE2 and P4 ill the FF samples we田 determined

hy 30 enzyme immunoassay (EIA) as Pllblished previollsly [20] 

The con田 ntmti叩 sof cortisol were determined hy using a commer-

cial kit (Enzyme Immulloassay for Cortisol， EA65， Oxford 

Biomedical Research， Oxford， MI. USA). The int四 -and interas皿y

coefficiellts ofvariation for these assays were less thao 10% 

Granulosa ceIl culture 
Ovaries were obtained from Holstein cows at a local slaughter 

house. Granulosa cells were harvested from follicles <8 mm in 

diametcr by aspiratiol1 usin呂a10一mlsyringc自社cdwith an 18-G 

needle. The collected cells were pooled and washed three times 
w油 cul加remed山 m 羽田四Ihl田 system¥¥'叫 based叩 themethod 

repo由 dhy GlItierr坦 etal. [17] with some modifications; 2 x 10-

viable cells were cultu問 din 0.5 ml D恥1EMlF12with bicarbonate 

supplemented with 20 m M  HEPES， 3 mM  L-gllltamine， 100 I~/ml 

penicillin， 50 mg/ml streptomycin， 0.1同 bovineserum albumill， 

2.5μglml transferrIl1， 4 nglml selenium and 100 nglml inslllin at 37 

C ill 5% CO2 ill air. The clllhlre medium waS supplemented、.vith
fetal岨 Ifserum for the first hvo days， then culture w，出 continlled

without serum for up to 6 days with 0-100 nglml highly purified 

bovine FS!-I (AFP-5332B; p田 videdby Dr AF Parlow， NIDDK， 

USA)四 d100 nmolllandrostenedione (S唱ma).The sp叩 tmedium 

was田守placedwith fr，田hmediulll eve庁 2days 

Glucase as剖 y
Concentrations of glucose in the FF samples、羽田 detenninedby 
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Table 2. Primers for qu口ntilativereal-time PCR 

Gene (size: bp) Primer Sequence GenBank no.a Positionb 

llHSD1 (lll) Sens巴 aagcagaccaacgggagcntt AF548027 532-552 
Antis町田 ggagaagaacccatccagag回 AF548027 621-642 

llHSD2 (123) S巴:nse cgagcacttgnatgggcagtt AF074706 1033-1053 
Antisense cctgggtnatagcggcggagt AF074706 1135-1155 

GR (100) Sense gggtatgacagctcggttcca AY238475 1058-1078 

Antisense cclUgcccattlcactgclg AY238475 1137-1157 

P450arom (151) Sense IIgc目aagcatc巴ccaggtt Z32741 1147-1166 
.<U山sense

atggg即'0時Gagetaantcggtg田go町tggatta田 Z32741 1278-1297 

P祖国 (228) Sense K00622 162-181 

Antisense cgctcggctgtggtggtaa K00622 371-389 

a GenBank (http://www.ncbi.nlm.nih.gov/entrezJqueηr.fcgi?db=Nucleotide). b Nucleotide position in出ereported sequence 

Table 3. Charactcrislics of問。hfollicular category: diameter and concentmtions of estradiol (E2)， progesterone伊4)，
cortisol and glucose in fo11icular fluid 

Group (n) Follicle diameter (mm) E2 (nglml) P4 (ng/ml) Cortisol (ng/ml) G1ucose (mg/dl) 

GF (10) 7.3土0.3" 2.6::!:: 1.Ood 9.0::!:: 1.7" 31.6::!:: 9.2 57.8::!:: 2.4" 

DF (23) 11.9土0.4b 33.7土3.4b 18.9::!:: 1，8b< 18.9::!:: 3.2 58.2::!:: 3.0ob 

POF (10) 14.2::!:: 1.0b 70.2土12.6< 22.5::!:: 2.6cd 19.8土3.0 74.4::!:: 2.1b 

EAF (34) 13.4::!:: O.4b 10.1土2.1吋 113.5::!:: 28.1d 19.4::!:: 3.0 71.6::!:: 2.3b 

LAF (8) 11.6土0.9" 2.6::!:: 1.2d 260.8::!:: 5 1.0~ 12.9士5.7 33.8::!:: 4.2< 

l¥'[e川n::!::SEM. GF， growing fo1liclc; DF， dominant follicle; POF， preovulatory follicle; EAF， early atretic fo1licle; LAF， late 
a出 ticfollicle. Values within a row with different superscripts are significantly differentσ<0.05) 

a colorillletric method using a coml1lercial kit (Glucose CIlーTest

Wako， Wako). The intra-and interassay coefficie叫 sof ¥'ariation 

were less th田 5%

5加tisticalanalysお
The data were analyzed using a one-or two-'、:¥'ayANOVA fol-

10¥¥'00 by the Steel-Dwass (i11 vivo da阻.)or Tukey-Kramer multiple 

comparison test (il1 vitro data). The田 latiol1shipsbetwe即日開 lev-'

els of IllRNA and size of follicles were analyzed by a regression 

analysis. All data were pres叩 tedas means ::!:: SEM with statisti国 l

significance set at P<0.05. 

Resu1ts 

。'zaracteristics0/ follicles 
A total of おおlliclesfrol1l 63 animals ¥ve田 usedin the pr'国間t

s加dy.The dial1leters offollicles and叩 Incent悶tionsof stero油 and

glucose in FF in each group are sbown in Table 3. There were sig-

nificant differences in steroid concentrations among follicle 

classes. The concentrations of glucose in FF were comparable to 

the levels r叩 ortedin bovine follicular fluid (30-72 mgldl) [21] 

Des可pitea precipitous decrease in the E2 cOllcentra世onin the EAFs， 

the glucose concentrations川 thesefol1icles were Illaintained as 

high田 thatin h回 lthydominant fol1ic1es (i.e.， POFs and DFs). on 
the other hand， low glucose concentrations were always田sociated

with 10¥" E2 concentrations (i.e.， LAFs) 

Ge叩neι臥xp戸re:師回1凹O聞n出1凶S~ザf1口1HSDl工， 1口lHSD2a叩ndGRi問nJ戸μòl日li町C口叩1I加
t白1悶田1I田 dl 

The mRNAs encodi国ngllHSD1， llHSD2 and GR、werea1l 

detected in bovin団efo11川licle田s. Expressi叩o凹叩n】 of llHSDl mRNA 

increased in both GCs 3nd TIs as fol1icular mahlration progressed 

from the GF to the DFIPOF (P<0.05， Fig. lA). The e、:pressioi1of 

11 HSD 1 mRNA was lar呂elyunchanged in the atrctic品lliclesand 

was higher in TIs than in GCs in heal thyおllicles(GF， DF and 

POF: P<0.05， Fig. lA) 

Only negligible levels of llHSD2 mRNA were det∞ted in the 

GCs in GFs. The expression increased slightly but 羽田uficantlyill 

DFs and POFs， then dramatically increased in atretic follicles 

(Pく0.05，Fig. lB). COlllparably higher levels of l1HSD2 mRNA 

were observed in TIs. The levels were unchanged throughout folli-

cular development and in EAFs but increased 3-fold in LAFs 

(Pく0.05，Fig. lB) 

The 田 pressl叩 ofGR IllRNA was unchangOO throughout follic-

叫ardevelopment IIl GCs and TIs， and increasOO in at岡田 follicles

(Fig. lC). The level ofGR mRNA was much higher in TIs than in 

GCs regardlcss ofthe follicular stage (P<O.Ol) 

Rel，出la耐ltil出i加加o酎叩ns]:
l出-els~ザfge印n即E 包、中F陀田ion i間nh即 lt的hy日IJ戸ol凶llicl白

To examine the effect of follicular ma加rationon ge即時pres-

sion， we correlated the le"els of 11 HSD and GR mRNA wi出 either

follicular diameter (i.e.， Illorphological index of follicular matu悶

tion) or concel1tration of E2 in FF (i.e.， functional index of 
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follicular maturation) in healthy follicles (Tablc 4). Sigl1ificant 

positive correlation was obscnrcd behveen 世田 levelsof 11HSDl 

mRNA and either follicular diameter (r:亙0.50，P<O.005) or the con 

cClltration of E2 (r;?:0.48， Pく0.001)for both GCs and TIs 

Significant positive correlation was also observed hetween the lev-

els of 11HSD2 mRNA and either fol1icular diamcter (r:ミ0.45，
Pく0.005)or the concentratiol1 ofE2 (r;?:Q.45， P<O.005) for GCs but 

not TIs. Weak positive correlation、vasfound betweell the gene 

expression ofGR and follicular diameter in GCs (r=O.32， P<O.05) 
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Using exponential問 gression，significant negative correlation 

was detected benv田 nthe levels of llHSDl mRNA in GCs and the 

con白川問加nofco巾 solin follicular f1uid (r--0.44， P<0.005). No 

such correlation was found for 11HSD2. Weak correlation was 

detected benvl田 nthe expression of GR mRNA in GCs and the con 

centration of cortisol (r--0.39， P<0.05). No correlation was found 

between the e'λpression of ally genes alld fol1icular cortisol ill 
atretic follicle. 
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Time-dependent el!ect 0/ FSH on the gene e.λ:pressions 0/ 
llHSD1， llHSD2， GR andP450arom in cultured granulosa 
cells 

Cultured granulosa cells were treated with 10 nglml FSH for up 

to 6 days， and the levels ofmRNA were quantified for llHSDl， 

llHSD2四 dGR along with a typical FSH target gelle， P450arom 

(Fig. 2). The 紅白tmentwith FSH increased the ge回目pressionof 

11HSDl as well as P450arom (Fig. 2A， D， P<0.05). Four days of 

FSH treatment elicited maximu11l levels of gene expression of 

llHSDl， whe田 asall e:-..1ra 2 days of treatment resulted in a farther 

15-fold increase in P450arom mRNA. In the control culture， the 

basal1evels ofthese FSH-responsive genes we田 maintainedfor up 

to 4 days， then decr:eased by day 6 (Pく0.05).The expres湿ionsof 

llHSD2 and GR mRN凶 we田 ll0taffected by FSH 紅白tmentbllt 

graduaUy increased as the culture proceeded in both control and 

treated cells (Fig. 2B， C， Pく0.05).Treatment with FSH broi.lght 

about gradual increases in the concentrations of E2 in the culture 
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Table 4. Correlatio田 betweenthe leve¥s of llHSDs or GR mRNA and diameter of白>lIicles，concen回 tionof estradiol但2)
。rcortisol in品lIicularf1uid (FF) in granulosa ceIls (GC) and the theca inlemaσ町ofhealthy bo引 nefolIicles 

Cortisol in FF 

r--D.44 

P<0.005 

1-0.06 

n.' 
r=-O.12 

n.' 
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n.' 
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1-0.08 
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n.' 
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Time~dependent effect of FSH田 thegene田 p悶 SIO.田 ofl1s-
HSD type 1 (lIHSDl)， IIp-HSD type 2 (lIHSD2)， 
glucoco出 coidrecept町 (GR)and P450 aronmt国 e(p450arom) in 
cultured bo...ine granulose cells (GCs). G由 nulosaceIls (2 x lOs 

¥'iable cells) were cultured in 0.5 ml D~-n弘'1IF 12 supplemented 
、，vithFSH (10 ng/ml) for 2， 4 or 6 days and then han'ested for 
mRNA quantification. Me四土 SEM(n=4). a.b:x.y.z Significantly 
d町巴rentfrom each other (P<0.05).キ P<O.05，件 P<O.Ol

4 4 2 

Fig.2 

of llHSDl increased as follicular matu四 tionprogressed both in 

GCs and TIs， whereas that of llHSD2 was very low in GCs and 

unchanged in TIs， indicating 11HSDl is the dominant 11βHSDin 

mature bovine follicles. Significant negative correlation between 

the level of llHSDl mRNA in GCs and the concentration ofcorti-

sol in FF confinlls the findings of our previous study [13] and 

further implies that llHSDl may act. as a dehydrogenase rather 

than a reductase in these follicles 

Glucocorticoids a問 notproduced by the o¥'ary and a問 derived

from the adrenal gland in an endocrine manner. In ca凶e，adrenal 

secretion of glucocorticoids is under circadian control， being hi呂h

in the moming and low in the evening， with strong ultradian 

rhythms [22]. The secretion of gluco∞巾coidsis also in町田sedby 

lllental and physical st回目出 [23].Thus， the ovary is continuously 

exposed to periodic and sporadic waves of glucocorticoids 

Increases in glucocorticoids may exert deleterious effects on 

bovine follicular ma加rationby suppressing P450arom activity叩 d

LH-R田 pressl叩 [5].Therefore， upregulation of llP.HSD dehy-

drog叩 asethat inactivates glucocorticoids might be叩 Impo巾 nt

mechanism to protect maturing follicles from circulating glucocor-

ticoids. In rats and hUlllans， 1 IHSD2 appears to play this 

protective rolc [10， 11]. Maturing fol1icles in these spccies 
e¥pressed. high levels of IlHSD2 in granulosa皿 dthecalinterstitial 

cells，、:vhe田 asthe expression of llHSDl was low or negligible 

Recently， Sunak el al. [24] demonstrated that both cortisol oxida-

tion 3nd NADP(+)-dependent llHSDl dehydrog叩 aseactivity in 

porcine GCs increase as follicular development progresses. Since 

110 ll-ketosteroid reductase activity was observed in the GCs， the 

authors concluded that lIHSDI acts as a dehydrogenase in ma柏田

media collected at days 2， 4 and 6 (3.8 ::!:: 1.9， 7.3::!:: 0.4 and 45.9 ::!:: 

2.6 nglml，田spectively).The問、vasa signifi回目 positive叩 rrela

tion between the levcl of P450arom ll1RNA and cOl1centration of 

E2 (r=0.73， P<O.OI) but not between the concentration of E2 and 

levol of llHSDI mRNA 

Dose-dependent ~伊ct of FSH on gene expression ofllHSD1， 
llHSD2， GR and P450arom in口lltuTedgranulo田 cells

Granulosa cells were treated with FSH (O~ 100 nglml) for 4 days， 

and the levels of gene expressions、、官。quantifiedfor llHSDl皿 d

llHSD2， GR aJ吋P450arom(Fig. 3). Amα19 the three doses tested 

(1， 10， 100nglml)， themaximum田 sponse¥vas achieved by -1 nglml 

for P450arom (Fig. 3D). The levels of P450arom expression 

steadily decreased as the dose ofFSH帥町eas吋 σig.3D. P<O.05) 

ThegeneexpressionofllHSDl w.田increasedin a dose-dependent 

manner by the FSH treatment (Fig. 3A， P<0.05). The exp田 sSlons

of llHSD2 and GR we田 notaffected by the FSH treatlllent (Fig 

3B， C). Treatment with FSH brought about a dose-de司pendent

dec田 asein the c担lcent田tionsofE2 in the cul旬開 mediacollected 

at day 4 (0.3土 0.1，34.0会3.8，22.5土2.0叩 d13.8土l.lnglml for 

0， 1. 10 and IC日nglmlFSH， respectively). There w四 highlysig-

l1ifi回 ntpositive correlation between the level ofP450arom mRNA 

and concentration of E2 (r=0.90， P<O.OOOl) but not between the 

con回目rationofE2 and le¥'el of llHSDl mRNA 

Discussion 

In the present study， we demonstrated that maturing bovine fol-

licles express both 11HSDl and llHSD2 lllRNA. The e:、presslon

;8 
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porcme自ollicles[241. 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 11HSD l-mediated glucocorticoid InactI-

vating mechanism Is also fimctional in bovIne maturIng自ullicles

In the gluc田 orticoidtargct organs， 11HSDl acts primarily as a 

NADPH-dcpcndcnt rcductase [9，25]. Howcver， thc direction of 
metabolism is altcred by the availability of co白ctorsand carbohy 

drate substrates [25-31]. In rat Leydi呂田IIs，11HSD 1 acts. as a 

dehydrogenase and protects steroidogenesis from inhibitol)' effects 

exert吋 bythe active gluc田 O巾∞id，corticosterone [26， 32]. Like-

wise， llHSDl was shown to predominantly act as a dehydrogenase 
in the ovine placenta， ¥vhere it protects the fetus from ad¥'erse 

effects of matemal glucocorticoids [33] 

As品lliclesma加阜 a叩ndr田.oge叩npr'悶od由ucl凶 10叩nin TIs and i巾t匂sconver-

s割1凹 t旬oe田sl加r四og叩 inGC臼sar田-ee叩江沼1h加m聞a叩n田ce吋d[β34勾].Bec叩aus田eb加01出hr聞叫t山o印叩n

T問equ山lIf問eNADPHa田sah句1可ydrogendonor， the intracellular ratio of 

NADPH to NADP(+) is likely to be lower in preo刊 latoryfollicles 

This may be the reason why llHSDl acts as dehydrogenase in 

these follicles [28]. Ifthis is the case， l1HSDl b四 efitsP450 17α 

hydro、ylaseand P450arom by not only supplying cofactors， but 

also by preventin呂田tagonistice町田tsof cortisol on estrogl印 bio-

synthesis. To confirm this hypothesis， however， well-designed 

expenm叩 tsare n ecessary 

The pres叩 tstudy demonstmted that the expression of llHSDl 

mRNA steadily increased as follicular de.velopment progressed 
both in GCs and TIs. FSH appears to be r田 ponsibleおrthe upreg-

ulation of llHSD 1 gene expression in bo¥'ine GCs， as has been 

shown in cul旬開dhuman and回 tGCs [12， 35]. The expression of 
l1HSD2， on the other hand， ¥¥世notaffected by FSH， implying that 

世田alterationof glucocorti印 idsmetabolism associated、:vithfollic-

ular ma加rationis primarily regulated by FSH-responsive llHSDl 

in bovine GCs. In the present s加dy，highly signific胡 tposlttve cor-

relations were found behveen the e入pressionof llHSDl and the 

concentration ofE2 in FF， both for GCs and TIs. It is not likely， 

however， that E2 up児島.ulatesl1HSDl mRNA in GCs. In the time-

dependent experiment， the e.、pressionof l1HSpl was maximally 

stimulated by day 4， at which point the E2 concentration in the 

曲 ediumwas stilllow， whereas the 阻 pression"was not altered by 

the presen∞ofhigh levels ofE2 in 世田mediumat day 

[37]. Since no increase in c白lf悶rCl口叩'"叫llat加11唱 c∞or巾11s叩01was observed in 
plasma，、、.'econcluded that the local mechanism that increases cor-

tisol at a response to the p田 ovulatoryLH surge is also fllnctional in 

cattle. Whether this increase in cortisol output is mediated by 

llHSDl is not known. Further study is 間四回a庁 toclari今lhe

exact role of llHSD 1 in bo¥'inc perio.刊 latoryfollicles 

In the present s加dy，llHSD2 mRNA was expressed stably in 

TIs throughout follicular ma加問tion.This resll!t implies that the 

llHSD2 mediatillg protectioll system mainly op町.atesin the TIs of 

bovine follicles. Howe¥'er， thellHSD2 eλpression in GCs， albeit 

10、，v，might still play a physiolo昌icalrole in these follicles. It has 

been shown that bovine GCs express both 11HSD2 mRNA and 

protein， and NAD(+)ーdependentdehydrogenase activity (i.e.， 

11HSD2 activity) was evident in GCS homogenate prepared from 

preovulato巧.'follicles [38]. In rat Leydig cells， the gene expre田10n

of l1HSD2 was ShOWll to be about 1000-fold lower than that of 

1 IHSDI， yet significant NAD(+)-dep叩 dentllHSD2 dehydroge-

nase activity ¥Vas observed [32]. Thus， upregulation of llHSD2 

gene 田 pre田 ionin GCs found in the pres叩 1s加 dymay play an 

im.portant role in maturing follicles. The presence of a high affinity 

llHSD2 along with low affinity 11HSDl may be beneficial for 

GCs to cope with a 、:viderange of glucocorticoids as田 ggestedfor 

the Leydig ceIls of四 ts[32] 

In the p問 S叩 tstudy. neither folliclllar ma加四tionnor FSH treat-

ment affected the expression of GR mRNA. These results are in 

accordance with our previous Shldy in、vhichthe treatment with 

eCG increased the expression of llHSDl mRNA but not GR in 

immature rat ovaries [11]. Taken together. these resu1ts suggest 
that the transcriptional regulation ofGR is not a part ofthe o¥'arian 

glu∞corticoid regulatory mcchanism in cattle 

Without a pr田 vulatoη..gonadotropin surge， dominant品llicles

lose their ability to ovulate alld unde唱ouna帥 ticprocess cha四 p

terized by a rapid decrease in estrogen synthesis [39]. Gene 

expression of steroidogenic叩可mesand gonadotropin日 cepto四lS

aIso downregulated in atretic follicles [39，40]. In the present 

Shldy， however， the express旧 nsof llHSDs四 dGR mRNA were 

either dramatically upregulated or maintailled in the atretic folli-

cles. Thus; the e、pressionsof 11HSDs四 dGR are spared from the 

atresia that dismpts folli叫 larestrogen biosYllthesis. Alth叩 ghthe 

physiological significance ofthis phenomenon is not clear， the dra-

matic upregulation of l1HSD2 
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