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In immature rat Sertoli cells, leucine-rich primary response gene 1 (LRPR1) represents a follicle stimulating
hormone (FSH)-responsive gene; the function of the encoded protein is not yet known. LRPR7T mRNA
expression is up-regulated very rapidly and specifically by FSH, both in cultured Sertoli cells and in vivo in
testicular tissue. In view of these properties of LRPR1, we have investigated LRPRT mRNA expression and its
regulation in more detail, in testis and ovary of fetal, immature, and adult rats. In addition, we have studied
the expression of FSH receptor (FSHR) mRNA in relation to LRPRT mRNA expression. In rat testis, LRPR1
mRNA and FSHR mRNA followed a similar expression pattern, during postnatal development and also at
different stages of the spermatogenic cycle in the adult rat. Furthermore, after short-term challenge of the
FSH signal transduction pathway in intact immature rats by injection with a relatively high dose of FSH, an
inverse relationship between LRPR7T mRNA (up-regulation) and FSHR mRNA expression (down-regulation)
was observed. Similar studies in the ovary provided completely different results. LRPRT mRNA in the postnatal
ovary is present well before expression of FSHR mRNA can be first detected. In addition, incubation of ovaries
of immature rats with FSH or dibutyryl cyclic AMP (dbcAMP) did not result in up-regulation of LRPRT mRNA
expression. During fetal development, the LRPRT mRNA expression pattern involved many more tissues, in
contrast to the relatively tissue-specific expression of LRPRT mRNA in gonads of 21 day old and adult rats.
Moreover, LRPRT mRNA expression could be detected as early as 12.5 days post-coitum, whereas FSHR
mRBRNA is absent at this stage of fetal development. We concluded that the pronounced regulation of LRPR1
by FSH observed in the immature rat testis does not occur in the ovary. Furthermore, in the ovary LRPR1
mRNA expression does not appear to be dependent on FSH action. Finally, the LRPR1 gene product may play
a general role during fetal development.
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Introduction stages of follicle development on FSH during the ovarian

Follicle stimulating hormone (FSH), a glycoprotein hormonecycle (Kumaret al, 1997). _
that is produced in the pituitary gland, plays a major role in Upon binding of FSH to the FSH receptor (FSHR), which
gonadal development and function. In the ovary, FSH idS only expressed in testicular Sertoli cells and in the granulosa

involved in control of proliferation of granulosa cells and C€llS of ovarian follicles, the GTP-binding proteinsGs
.activated, eventually resulting in activation of adenylyl cyclase

selection of dominant follicles (Chappel and Howles, 1991; X ,
@nd production of cyclic AMP (cAMP). The second messenger,

Wilson and Foster, 1992a; Richards, 1994), and in the testiS . . .
FSIH controls proliferation diflferentiation a)nd ma‘lturation ofIC.yC“C AMP (CAMP), then ac'uv_ates cAMP-depend_ent protein
' ! kinase A (Casey and Gilman, 1988; Reichert and

Sertoli ceIIs_. It is generally thought that FSH and teSt_OSteronf)attatreyamurty, 1989). FSH regulates transcription of many
are the main hormonal regulators of spermatogenes!s (Mea@%nes and synthesis of many proteins through the CAMP
et al, 1976; Dymet al, 1979; Russelet al, 1987; Wilson pathway. Well-known examples aseinhibin (Toebosctlet al.,,

and Foster, 1992b). The recent development of an [~SH1qggg. Kjajjet al, 1990), androgen binding protein (Reventos
knockout mouse has improved our understanding of the relativg; al, 1988; Hallet al, 1990), cfos (Hall et al, 1988), and
importance of FSH. In the male knockout mice, spermatoyromatase (Fitzpatrick and Richards, 1991). Recently, we
genesis can proceed completely, but sperm count and tes@foned a new FSH-responsive gene from cultured immature
size were decreased considerably (Kuetaal, 1997). Female rat Sertoli cells, and named this gene leucine-rich primary
FSH3 knockout mice were completely infertile, and follicle response gene 1LRPRJ (Slegtenhorst-Eegdemaat al.,
development did not proceed beyond the pre-antral stage ih995). LRPRIMRNA expression in the immature rat testis is
these animals, indicating the absolute dependence of the lateery strongly and rapidly up-regulated by FSH, bathvitro
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(in cultured Sertoli cells) andn vivo (after injection of  with 2.2 mg/ml NaHCQand 5.95 mg/ml HEPES (pH 7.2). Incubation
exogenous FSH in immature intact rats) (Slegtenhorsttook place for 4 0 8 h at37°C under 5% C@95% O, in the
Eegdemaret al., 1995). presence or absence of 0.5 mM dibutyryl-cyclic AMP (dbcAMP;
Expression of several genes occurs not only in response 1%.oehringer Mannheim, Mannheim, Germany) or 1000 mIU/ml recom-
FSH stimulation, but also to other hormones. For example, cbinant human FSH (thFSH; Organon NV, Oss, The Netherlands).
fosmRNA expression in cultured Sertoli cells is also regulated=2c! incubation was performed in duplicate with two ovaries per
by fibroblast growth factor (FGF) or the testicular aracrine|ncubat|on. After the incubation, the medium was used to measure
fayctor erit bglarmod latory substance (PModS) (sfmm progesterone production and the ovaries were used to determine
1989',Npor;c;Jn l;md SkinlrJ1er 12;9;) aoeinhibin mRNA ex re;- LRPR1 mRNA and glyceraldehyde 3-phosphate  dehydrogenase
o ! ) p (GAPDH) mRNA expression.
sion is up-regulated when Sertoli cells are cultured in germ
cell-conditioned medium in the absence of FSH (Pinetal.,

. RNA isolation and RNase protection assa
1990). However, until now, no other such regulatort BPR1 P y

. . o - Total gonadal and fetal RNA was isolated using the LiCl/Urea method
MRNA expression have been identified. Siié@PRIMRNA (Auffray and Rougeon, 1980). R&SHR anti-sense cRNA probes

expression is noF only \{ery rapidly bl,"t also specificallywere generated from a 364 HfrdRV/Ncd fragment corresponding
regulated by FSH in Sertoli cells, EXpreSS'On‘HPleRNA. to bp 775-1139 of the rd&ESHRgene, subcloned in pBluescript KS
seemed to be a useful parameter for evaluation of testiculgkiratagene; Westburg, Leusden, The Netherlands) using T7 RNA
FSH action, bothin vivo andin vitro. polymerase (Stratagene) ane[32P]-UTP. LRPR1anti-sense cRNA

In the adult rat, expression fRPRImMRNA is found not  probes were generated from a 322 BanHI/Bglll fragment corres-
only in the testis but also at a lower level, in ovary, spleenponding to bp 1769-2091 of the r&RPR1 gene, subcloned in
brain, and lung. Regulation dfRPR1ImMRNA expression by pBluescript KS using T7 RNA polymerase aog32P]-UTP. A 113
FSH in immature rat Sertoli cells was found to be independenbp ratGAPDH probe corresponding to bp 197-310 of the@#PDH
of protein synthesis, but appeared to be absent in the presengene (Fortet al, 1985) was used to determine the relative amount
of a transcription inhibitor, and we concluded tha®PR1is  of RNA loaded on the gel. For the RNase protection assay depicted
a primary response gene to FSH (Slegtenhorst-Eegdemah Figure 3, a largeGAPDH probe (bp 1-310) was used. Depending
et al, 1995). on the GAPDH probe used, double or multiple bands were obtained

Following the cloning of rat RPR1(Slegtenhorst-Eegdeman in the RNase protection assay. These are the results of internal
et al, 1995), the isolation of a human homologue of this genecleavage of the RNA duplexes or of secondary structures formed in
has E)een re;ported. The humBRPR1gene is mapped to the the probe. Total gonadal RNA (5 or 1@y) was analysed by RNase

. rotection assay according to Sambroek al. (1989). For the
X chromosome at Xq22, and the encoded protein shows 72(Zoxperiments on fetaLRPR1mMRNA expression, 1.5% of the total

homology at the am'no acid level with th_e rat pro,tem (Ro_bertsamount of the RNA isolated per fetus was used, supplemented with
et al, 1996). Interestingly, the yeast gemés6™ and its protein  ypnA (Boehringer Mannheim) to a total of §8y. This was done in
product Mis6, show a weak but significant similarity to the grqer to load proportional fractions of gonadal RNA. We postulated
rat LRPR1cDNA and amino acid sequences. Mis6 appears t@nhat LRPR1is only present in the gonads of the rat fetus. This type
be involved in equal segregation of sister chromosomes duringf presentation would give us insight in the ontogenyL&PR1
mitosis (Saitohet al., 1997). mRNA expression in the rat gonad. For days 12.5 and 13.5 post-

In the present paper, we describe experiments on theoitum, bands were only visible on an overexposed X-ray or by using
developmental regulation oERPR1 mRNA expression in a phosphor screen (Molecular Dynamics; B&L Systems, Zoetermeer,
ovary, testis and other tissues in the context of FSH regulatiofihe Netherlands). Therefore, a quantitative analysis of IRER1
of gonadal activity. FSHRmRNA expression and the short- MRNA level (ratioLRPRIGAPDH) was also given (Figure 5).
term down-regulation of receptor mMRNA by FSH (Themmen The relative amount of protected mRNA fragments was quantified
et al, 1991) were used as parameters to determine orgafirough exposure of the gels to a phosphor screen (Molecular
sensitivity to FSH. The expressionloRPRIMRNA in gonadal Dyngmlcs), followeq by calculatloq of the relative density of the .
and non-gonadal tissues and the gonadal regulation by FSiPtained bands using a phospho-imager and ImageQuant analysis

. - software (Molecular Dynamics). For thH@APDH mRNA patterns,
were determined during postnatal gonadal development and M band . . . .
the adult rat. all bands were included. The ratios between the arbltrary units
obtained for th& RPR1 FSHRandGAPDHMRNAS were determined.

All RNAse protection assays were performed two or three times.
In the figures, one representative RNAse protection assay and the
Materials and methods graphs belonging to that assay are shown.

Animals and treatments

Wistar rats were maintained under standard animal house conditionyeasureme"t of progesterone

TesticularFSHRMRNA and LRPR1mMRNA expression was deter- The concentration of progesterone in the medium in which ovaries
mined at different ages and also after i.p. injection with 0.15 |U/ghad been incubated, was measured by radioimmunoassay. The values
bodyweight human FSH (Metrodin; Serono, Geneva, Switzerland)were corrected for procedural losses (recovery 70-80%). The proges-
Seminiferous tubule segments at defined stages of the spermatogeiggone antibody was raised againstai@H-progesterone—hemi-
cycle were collected according to Parvinetnal. (1982). For in-vitro ~ succinate—bovine serum albumin (BSA) complex, and data on the
treatment of rat ovaries, ovaries of 30 day old rats were collectedspecificity of the antibody have been described earlier (de éoag,
bisected and incubated in 1 ml of M199 medium with Earle’s salts1974). The intra- and interassay coefficients of variation of the
andL-glutamine (Gibco BRL, Gaithersburg, MD, USA) supplemented progesterone assay were 10 and 5% respectively.
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Figure 1. Leucine-rich primary response genellRPRJ) mRNA and follicle stimulating hormone receptdf§HR mRNA expression in
immature rat testis. Total RNA was isolated from testes of rats of different ages, and subjected to RNase protection asSaiRwith
LRPR1 and glyceraldehyde 3-phosphate dehydrogenagd®DH) cRNA probes. Subsequently, tSHRGAPDH mRNA and theLRPR1
GAPDH mRNA ratios were determined as described in Materials and methajifRdsults of the RNase protection assay. LRPR1, FSHR
and GAPDH indicate the positions of the respective protected fragments. d.plays post-coitum.R) Quantitative analysis of theRPR1
GAPDH (open bars) and thESHRGAPDH (black bars) mRNA ratios. p.c= post-coitum.

Results CJLRPR1 EWFSHR
120
LRPR1 and FSHR mRNA expression in the testis

Expression ofLRPR1 and FSHR mRNAs was determined
using RNase protection assay on total rat testis RNA at 20.5
days post-coitum (1 day before birth) and at days 5, 10 and
20 after birth (Figure 1). The expression of botiiRPR1
mMmRNA and FSHR mRNA was highest at days 5 and 10 of
postnatal life. These results indicate that, in the developing
testis,LRPRIMRNA is correlated wittFSHRmMRNA expres-
sion. A decrease in the relative size of the somatic cell 0
compartment of the testis during initiation of spermatogenesis I - IVV VI Vilab Viled VHE IX-XT X XIXIV
contributes to the lower level dfRPR1and FSHR mRNA Stage
express_lon at day 2(_)' . . . Figure 2. Leucine-rich primary response genellRPR) mRNA

The influence of interaction with germ cells at different anq follicle stimulating hormone receptdf§HR MRNA
stages of the spermatogenic cycle on Sertoli ¢#RPR1  expression in isolated tubules at defined stages of the
mRNA expression was studied in adult rat testis. Using thespermatogenic cycle. Total RNA was isolated from the tubule
transillumination-assisted microdissection technique (Parvineﬁegp”F‘flnts and subjected to RNase protection assayRBitiRand

. CcRNA probes. The level of mMRNA expression was

and _Ruokonen, 1982), segments of .Semlnlferous tu_bules ﬁgtermined as described in Materials and methods and plotted as a
specific stages of the spermatogenic cycle were isolateghercentage of the level of expression at stage |.
pooled, and subjected to RNase protection analyslsRIFR1
mRNA and FSHR mRNA expression (Figure 2). It was within 4 h as a result of FSH-induced destabilizatioF&HR
observed that both mMRNAs show a similar expression pattermRNA (Themmenet al, 1991). In the present experiments,
(levels are lowest at stages VI to Vllab of the cycle andtesticulaLRPRIMRNA expression anBSHRmMRNA expres-
increase to a maximum at stages Xl to I), although thesion were measured 4 h after FSH injection by RNase protection
changes iLRPR1mMRNA expression are not as pronouncedassay (Figure 3). In rats aged 15-20 days, and in adult rats,
as those observed fdFSHR mRNA. Similar to the results LRPR1ImMRNA expression responded well to FSH treatment,
found in the developing testis, the expression patterns ofhowing a 2—3-fold increase in expression level. Concomitantly,
LRPR1 mRNA and FSHR mRNA are related during the the level ofFSHRMRNA expression was markedly decreased
spermatogenic cycle. (Themmenet al, 1991). The results in Figure 3 show that,

Taken together, the results indicate a causal relationshim rat testis, LRPR1mMRNA expression and FSH-sensitivity
between FSH activity andRPRIMRNA expression. Therefore determined byFSHRMRNA expression are directly related,
we tested the responseldRPRIMRNA expression to a short- demonstrating an inverse relationship betweBPR1IMRNA
term stimulation with FSH. Rats of different ages (10, 15 andexpression andc<SHR mRNA expression. In contrast to the
20 days old and adult) received i.p. injections of human FSHresults obtained with 15 and 20 day old and adult rats, treatment
We have previously shown that incubation of Sertoli cells withof 10 day old rats did not yield a consistent response. In some
FSH results in a marked decreasé-BHRmMRNA expression animals both the RPRIMRNA expression was increased and
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Figure 3. Leucine-rich primary response genelIRPR) mRNA and follicle stimulating hormone receptdf§HR mMRNA expression in

response to treatment with exogenous FSH during testis development. Male rats of 10, 15 and 20 days old and adult, received i.p. injectiot
of either saline (— or open bars) or 0.15 1U/g bodyweight of human urinary FSHr(black bars), and the testes were collected after 4 h.

Total testicular RNA was isolated and subjected to RNase protection assayR#R1 FSHRand glyceraldehyde 3-phosphate
dehydrogenase5APDH) cRNA probes. Subsequently, th&!PRIGAPDH mRNA ratio (upper graph) and tHeSHRGAPDH ratio (lower

graph) were determined as described in Materials and methajifk€sults of the RNase protection assay. LRPR1, FSHR and GAPDH

indicate the positions of the respective protected fragmeB)sQantitative analysis of theRPRIGAPDH mRNA and theFSHRGAPDH

MRNA ratios.

FSHRmMRNA was decreased in response to FSH, whereas iIhRPR1mMRNA was determined. Progesterone determination
other animals no change was observed. Small differences in the medium served as a control for docAMP or FSH action
the developmental stage of these young animals may havd@able I). Although incubation with FSH did result in an
caused this variation and we did not investigate this further. increased level of progesterone productitRPR1 mRNA
expression was not affected. Progesterone production was
LRPR1 and FSHR mRNA expression in the ovary increased to a relatively high level in ovaries incubated with
Similar experiments as described for the testis were performedbcAMP, which may largely reflect a direct effect of dbcAMP
using female rats to investigate the regulation of ovatlRRR1  on the theca cells. Also dbcAMP treatment did not result in
MRNA expression in relation tBESHRMRNA expression and an effect onLRPR1ImMRNA expression. These results indicate
FSH sensitivity. Determination dfRPR1and FSHRmMRNA  thatin the ovary, there is no short-term up-regulatiohnRPR1
expression in developing ovaries at 20.5 days post-coitunthnRNA expression by dbcAMP or FSH.
and in 1, 3, 21, 25, and 30 day old rats (Figure 4), revealed a
completely different pattern to that observed in the testisFetal LRPRT mRNA expression
OvarianFSHRmMRNA expression was very low immediately To determine the ontogeny of fettRPR1IMRNA expression
before and after birth, but increased significantly at day 21in relation toFSHRmMRNA expression, total RNA was isolated
However, no considerable change in the level L&iRPR1 from fetuses at different stages of development. Subsequently,
MRNA expression was observed. MoreoveRPR1mMRNA  proportional fractions of each of the RNA isolates were
was already present at an early stage of ovarian developmenst,bjected to RNase protection assay (Figure 5). Sk&ER
when the ovaries did not (or virtually not), expreBSHR  mRNA was first detected at day 16.5 post-coitum in male rats
mMRNA. These results indicate theBRPR1IMRNA expression and at postnatal day 1 in females (Rannikdtaal., 1995), we
in the ovary is, at least partially, independent of FSH. expectedLRPR1 mRNA expression to become detectable
The results described above point to a mechanism of ovariaaround the same time in development. Surprisingly, with an
regulation ofLRPRIMRNA expression that is independent of overexposure of the radiograhRPR1ImMRNA was detected
FSH and the cAMP pathway. FSH- and cAMP-sensitivity ofas early as day 12.5 post-coitum (not shovrBPR1expres-
ovarianLRPR1ImMRNA expression were tested by incubating sion perug of total RNA (ratioLRPRIGAPDH) was highest
isolated bisected ovaries of 30 day old rats in the absence at early fetal development (Figure 5). From day 14.5 post-
presence of dbcAMP or recombinant human FSH (rhFSH)coitum onwards, the level dfRPR1ImMRNA expression was
After 4 or 8 h of incubation, ovarian RNA was isolated andrelatively stable and no difference in the level bRPR1
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Figure 4. Leucine-rich primary response genellRPRJ) mRNA and follicle stimulating hormone receptdf§HR mRNA expression in

the immature ovary. Total RNA was isolated from ovaries of rats of different ages and subjected to RNase protection ak&BR4ith
FSHR and glyceraldehyde 3-phosphate dehydrogenagd®DH) cRNA probes. Subsequently, th®RPRIGAPDH mRNA and theFSHR
GAPDH mRNA ratios were determinedAj Results of the RNase protection assay. LRPR1, FSH-R and GAPDH indicate the positions of
the respective protected fragments. d.p=cdays post-coitum.K) Quantitative analysis of theRPRIGAPDH (open bars) and thESHR
GAPDH (black bars) mRNA ratios.

in relation toLRPR1ImMRNA expression. In the maléRPR1
Table I. Effect of dibutyryl cyclic AMP (dbcAMP) and follicle stimulating mMRNA expression appears to be correlated with H6EHR
hormone (FSH) on leucine-rich primary response geneRIPR) mRNA . s .

expression in rat ovary during in-vitro incubation. The results of two MRNA expression and FSH sensitivity of the testis. In contrast,
individual samples are given the present data show that ovarian cells expkERBRIMRNA

before they can respond to FSH, at day 20.5 post-coitum and

Treatment LRPR1(%)® P t /ml . .

reatmen 6y rogesterone (pg/m) at later ages, and no relationship between FSH response and
Control  4h 100 136/152 LRPR1 mRNA expression was observed. Although it was
dbcAMP 104/106 1134/1190 initially thought thatLRPR1mMRNA expression was largely
FSH 84/122 199/245 q ific initial | i ¢ total i led
Control  8h 100 139/203 gonad-specific, !nltla mvgstlgatlon 0 et'a tissues reveale
dbcAMP 86/130 1297/1443 expression of this mRNA in many other tissues.

FSH 99/ND 380/752 During postnatal development of the testis, Sertoli cells

3 RPR1glyceraldehyde 3-phosphate dehydrogen&&RDH) mRNA ratio; diﬁeremi?te and th&SHRmRNA level is increased_ (Figure
control levels were set at 100%. Ovaries were incubated for the indicated 1) (Rannikkoet al,, 1995), paralleled by an increaseliRPR1

time periods in the absence or presence of 0.5 mM dbcAMP or 1000 mIU/ jmRNA. During testis development, the number of Sertoli cells
ml human recombinant FSH. . . . .

ND = no data available. increases under the influence of FSH as a mitogenic agent

(Griswold et al, 1977; Ultee-van Gesset al, 1988; Arslan

mRNA expression between the sexes was observed (n&f@l» 1993; Meachenet al, 1996). Between days 15 and 20,
shown). Surprisingly, the levels at days 12.5 and 13.5 poslI_he Sertoli cells cease to divide (Steinberger and Steinberger,
coitum are similar to those found in testis from FSH-treatedt971: Orth, 1982; Van Haa_stett al, 1992) and the _number
21 day old rats. These results point to extra-gonadal expressidl] 98rm cells increases rapidly as spermatogenesis proceeds.
of LRPRIMRNA in the developing fetus. Indeed, considerableh€ growing number of germ cells, in particular in the period
expression of RPRIMRNA was found in RNA isolated from 2—-4 weeks after birth, markedly contributes to a decrease in
fetal brain, kidney, and liver at day 19.5 post-coitum (data noth€ relative level oFSHRmRNA andLRPRIMRNA expres-
shown). Thus, in contrast to the relatively gonad-specific>'0" SINce both genes are only expres_sed in Sertoli cells.
expression found in the adult rat, with a very low level of The present results indicate that in immature rats respons-
LRPR1mMRNA expression in adult brain, spleen, and |ungiveness of Sertoli cells to FSH increases with age. However,
(Slegtenhorst-Eegdema al., 1995), fetal expression appears N erms of bothFSHRmMRNA down-regulation andRPR1
to be less organ-specifiESHRMRNA expression was unde- MRNA up-regulation, the response to FSH in t_he adult testis
tectable at all fetal ages, when whole fetus RNA was analysed?@S 1€ss pronounced compared with that in immature rats.
despite the very sensitive RNase protection assay (data nygn Sickle et al. (1981) and Eskolagt al. (1993) s.howed .
shown). The small percentage of testicular RNA present ifhat FSH-stimulated cAMP production varied during testis
the samples may be the cause of this lack of detection, and§aturation, being maximal around 10 days after birth and

polymerase chain reaction (PCR)-based method might providdecreasing with age. However, fdiRPR1 we observed
semi-quantitative data to support this. maximal FSH responsiveness in 20 day old rats. Van Sickle

et al. (1981) used Sertoli cell-enriched testes to determine
. . FSH-responsiveness. Since germ cells influence Sertoli cells
Discussion (Castelloret al,, 1989; Skinner, 1991), the discrepancy between
In the present studyFSHR mRNA expression and FSH- our findings and those described by Van Sicéteal. (1981)
induced down-regulation oFSHR mRNA were determined, could be caused by the presence of germ cells in the present
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Figure 5. Ontogeny of leucine-rich primary response gend.RRRJ) mRNA expression during fetal development. Total RNA was isolated
from rat fetuses of different ages, and an equal percentage of total RNA per fetus was subjected to RNase protection alsB&Rlsing

and glyceraldehyde 3-phosphate dehydrogena@#dPDH) cRNA probes. Subsequently, the relative amount of protected mRNA fragments
were determined as described in Materials and methods. LRPR1 and GAPDH indicate the positions of the respective protected fragments.
p.c. = days post-coitumlQuantitative analysis of theRPR1IMRNA level, perug of total RNA per fetus, given in arbitrary units pgg of

RNA. For comparison, the level @fRPRIMRNA expression in total testis RNA isolated from 21 day old rats injected with human follicle
stimulating hormone (FSH) was also included in this figure.

experiments. Eskolat al. (1993) used intact rats, but they did  Short-term regulation diRPRIMRNA expression in granu-
not investigate FSH-responsiveness between day 11 and dépsa cells was investigateoh vitro. No change inLRPR1
30; FSH-induced cAMP production in 20 day old rats couldmRNA level could be discerned, although the incubated ovaries
still be higher than the level observed at day 11. were perfectly capable of responding to dbcAMP or FSH with
During the different stages of the spermatogenic cyclean increase in progesterone production. We also investigated
FSHRMRNA expression is maximal at stages Xll-l. TheseLRPR1 mRNA expression in ovaries of rats injected with
stages concern the meiotic divisions, very early spermiogenespgegnant mare serum gonadotropin (PMSG), but in that experi-
and spermatid nuclear condensation. LoWweSHR mRNA  ment, there was no significant difference iRPR1mMRNA
expression was found at stages VI-Vllab, just prior to theexpression (not shown).
release of the condensed spermatids into the lumen of the After completion of the studies described in this paper,
seminiferous tubules (Russell and Griswold, 1993). This patterSaitohet al. (1997) described the characterizationnait6', a
of FSHRmMRNA expression is very similar to the pattern of gene isolated from the fission yeaSthizosaccharomyces
FSH binding at different stages in the tubules (Kangasniempombe The protein product Mis6 shows a relatively high
et al, 1990).LRPR1ImMRNA expression follows the expression homology with LRPR1 (27% homology in 361 amino acids
level of FSHRmMRNA, although the relative change 0RPR1  overlap). During chromosome separation Mis6 protein acts at
MRNA expression is less pronounced than thatF&HR the end of the G phase or at the onset of the S phase. The
mRNA. In conclusion, it appears that, both in the immatureprotein is located on the centromeres throughout the cell cycle,
and in the adult rat testis RPRIMRNA expression is related and appears to be required for maintenance of the structure of
to FSHRmMRNA expression. the inner centromere chromatin. Furthermore, Mis6 is involved
Ovarian LRPR1mMRNA expression does not appear to bein positioning of the centromeres and is required for establish-
directly related to FSH actioF=SHRmMRNA expression was ment of a correct orientation of sister centromeres in metaphase
first detected around day 3 after birth. This is consistent witrcells. In the mis6-302 yeast strain, carrying a defecthis6"
an earlier report by Rannikket al. (1995), who showe#SHR  gene, positioning of the centromeres does not occur normally.
mRNA expression in rats from day 1 after birth, using aAs a consequence, unequal segregation of sister chromatids
very sensitive reverse transcription (RT)-PCR-based methodluring mitosis was observed, resulting in large and small
However, LRPR1 mRNA was already relatively highly daughter nuclei. Furthermore, cell viability was decreased,
expressed in the rat ovary at postnatal day 1. Furthermore, mmompared to the wild type yeast strain (Saitethal., 1997).
increase ofLRPR1IMRNA was observed after postnatal day The substituted amino acid residue in Mis6 which caused the
3, when FSH binding to the FSHR can be detected firsmutation phenotype is also conserved in the rat and human
(Warrenet al, 1984). Moreover, the increase in the level of LRPR1 proteins. In view of the homology of Mis6 and LRPR1,
FSHRmMRNA (present results), or the increased FSH bindingt is tempting to suggest that LRPR1 might also be involved
to granulosa cells found from postnatal day 17 onwardsn mitosis. However, this remains to be investigated, and the
(Uilenbroek and van der Linden, 1983), did not result in anyprecise role of LRPR1 in mammalian development and gonadal
change iLRPRIMRNA expression level. Therefore, it appears function might be unrelated to control and progress of mitotic
that ovarianLRPR1mRNA expression in immature female divisions. SinceLRPR1IMRNA expression in the rat testis is
rats is independent of FSH activty. maximal around day 21 after birth, and Sertoli cells cease to
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divide at ~day 15, it is unlikely that LRPR1 plays a role in Kangasniemi, M., Kaipia, A., Toppari, &t al. (1990) Cellular regulation of
L. . . . . . . follicle-stimulating hormone (FSH) binding in rat seminiferous tubules.
mitotic proliferation in Sertoli cells, other than that it might  ; androl. 11 336-343.

be involved in mitotic silencing. During the spermatogenickiaij, L.A., Toebosch, A.M., Themmen, A.P.Net al. (1990) Regulation of
cycle, highest levels d#SHRmMRNA expression, FSH binding, inhibin alpha- and beta B-subunit mRNA levels in rat Sertoli céiil.

and LRPR1mMRNA expression are found at the stages that Ce!- Endocrinol, 68, 45-52. o .
. . . . umar, T.R., Wang, Y., Lu, Net al. (1997) Follicle stimulating hormone is
contain different types of undifferentiated type A spermato- required for ovarian follicle maturation but not male fertilityat. Genet.

gonia undergoing mitotic proliferation. Furthermore, spermato- 15, 201-204.
cytes in different stages of the meiotic prophase and undergoirfgeachem, S.J., McLachlan, R.l., de Kretser, D.&1.al. (1996) Neonatal

- L exposure of rats to recombinant follicle stimulating hormone increases
meiotic divisions are found. Howevet.RPR1 could not adult sertoli and spermatogenic cell numb@&ml. Reprod, 54, 36—44.

be detected in spermatocytes (Slegtenhorst-Eegdexnah,  means, AR., Fakunding, J.L., Huckins, €t al. (1976) Follicle-stimulating
1995); the possible presence IBRPR1IMRNA in spermato- hormone, the Sertoli cell, and spermatogeneRient Prog. Horm. Res.
gonia has not yet been evaluated. 82,477-527.

. . . Norton, J.N. and Skinner, M.K. (1992) Regulation of Sertoli cell differentiation
During fetal developmentl RPR1 mRNA expression is by the testicular paracrine factor PModS: potential role of immediate-early

clearly not gonad-specific. The very high expressioh®RPR1 genesMol. Endocrinol, 6, 2018-2026.
during fetal life may be related to a possible role of the proteirOrth, J.M. (1982) Proliferation of Sertoli cells in fetal and postnatal rats: a

P : : : : : : itati i hic studdnat. Rec.203,485-492.
in highly proliferating ti nd this woul nsistent with_ duantitative autoradiograp 9 i
ghly proliferating tissues, and this would be consistent wit Parvinen, M. and Ruokonen, A. (1982) Endogenous steroids in rat seminiferous

homology betweehRPR1and the yeasMis6 gene product. tubules. Comparison of the stages of the epithelial cycle isolated by
transillumination-assisted microdissectidn.Androl, 3, 211-220.
Pineau, C., Sharpe, R.M., Saunders, BfTal. (1990) Regulation of Sertoli
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