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integration and thus they are implicated as retroposons
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We have isolated a rat intracisternal-A particle ele-
ent (IAP)-like element (IAP-LE) from ovarian granu-

osa cells that appears to be identical to the rat EST
lone AA964260. The compiled cDNA sequences con-
ain several putative in-frame translation initiation
odons with the largest capable of encoding a 365
mino acid protein with a reverse transcriptase do-
ain in the N-terminus as well as a bipartite nuclear

ocalization signal sequence in the middle. Northern
lotting shows a major ;7 Kb transcript and a minor
5 Kb transcript that are abundantly expressed in the
vary. In situ hybridization histochemistry using ova-
ies from gonadotropin-treated immature rats and
egularly cycling adult rats show that this transcript
s predominantly localized to granulosa cells of all
ealthy follicles, including primary follicles, and to
ewly-formed and healthy corpora lutea. This cell-
pecific expression pattern of the IAP-LE gene is dis-
inct from those of the several known retroviral ele-
ents, suggesting the potentially novel functional

mportance of the IAP-LE gene. Taken together, our
esults demonstrate abundant and cell-specific ex-
ression of a novel IAP-LE in rat granulosa cells. © 2000

cademic Press

Endogenously expressed, highly-repetitive retroviral-
ike sequences have gained substantial interests during
he last decade due to their limited expression in specific
ell types as well as their potential to affect the hormone-
nduced expression of nearby genes, cellular transforma-
ion, and oncogenesis (1–4). Included among these retro-
iral sequences are intracisternal A-particle (IAP)
lements that are present at a high number of copies per
ell in mammalian species (5) including the human (6),
at (7), mouse (8), and hamster (9). However, unlike other
iruses, IAPs are defective in horizontal transmission
rom one cell to another due to impairment and/or ab-
ence of the envelope protein. In contrast, their intact
everse transcriptase/integrase activity allows proviral
48006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
10). IAP retrotranspositions in proto-oncogenes such as
ytokines, c-mos, growth factors and receptors have been
uspected to play a significant role in altering cellular
unction from gene expression to transformation (11–16).
n addition, IAP is expressed during the early G1 phase
f the cell cycle (17) and in turn, high expression of IAPs
as been positively correlated to the preneoplastic stage
f tumors.
Ovarian follicles continue to grow, differentiate, and

ransform throughout adult life. Granulosa cells are
ecruited from their G0 dormant status in primordial
ollicles, undergo mitosis in a hormone-responsive

anner, and transform to luteal cells upon ovulation
18–20). The ovary has been reported to express two
ndogenously expressed retroviral-like genes in a cell-
pecific manner (21–22). Although the functional sig-
ificance of these endogenously expressed retroviral-

ike genes in granulosa cells is unknown, they are
peculated to function as retroposons to alter specific
enes and to be potentially involved in ovarian tumor-
genesis. We report here the cloning of a cDNA that is
ighly homologous to the rat IAP and is highly ex-
ressed in a cell-specific manner during follicular
rowth, differentiation, and transformation.

ATERIALS AND METHODS

aterials

Unless specifically stated, all molecular biological enzymes were
urchased from New England Biolabs (Beverly, MA). All radioiso-
opes and olignonucleotides were obtained from New England Nu-
lear (Boston, MA) and Integrated DNA Technology Inc. (Coralville,
A), respectively.

nimals

All rats were housed in a photoperiod of 14 h light/10 h darkness
ith light on at 0500 h and handled according to the NIH guidelines

or care and use of animals and University of Kentucky Institutional
nimal Care and Use Committee.



Superovulation immature rat model. Twenty-one-day-old Sprague-
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awley female pups with nursing mothers were purchased from Harlan
reeding Company (Indianapolis, IN). At 22 or 23 days of age, rats were

njected s.c. with pregnant mare’s serum gonadotropin (PMSG, 10 IU,
igma). Forty-eight hours later, rats were injected s.c. with human
horionic gonadotropin (hCG, 10 IU, Sigma).

Adult cycling rat model. Adult virgin female Sprague-Dawley rat
150–180 g body weight) were purchased from Charles River Breed-
ng Company (Wilmington, MA). Estrous cyclic stages were deter-

ined by daily vaginal smears, and only rats demonstrating mini-
ally two consecutive 4-day cycles were used for the experiments.
ats were killed by decapitation at 1000 h of estrus, metestrus,
iestrus, and proestrus and at 1400 h, 1600 h, 1800 h, 2000 h, and
200 h of proestrus. Serum LH concentrations in trunk blood as
etermined by RIA indicate the peak of the LH surge at 1800 h.

loning and Sequencing of the IAP-LE cDNAs

A partial PCR clone OKPS#108 (referred as IAP-LE hereafter)
ith a 588-bp insert was originally obtained during the course of

ubtraction cloning procedure that was previously reported (23).
NA sequences of the clone IAP-LE were determined with a Thermo
equenase radiolabeled terminator cycle sequencing kit (Amersham,
H) using M13 forward and backward primers. Further 59- and
9-sequences of the IAP-LE mRNA were obtained using commer-
ially available kits for 59-RACE (BRL) and 39-Genewalk (Clonetech)
ccording to the manufacturer’s procedures. The fully combined se-
uences reported here have been confirmed using RT-PCR cloning of
he IAP-LE transcript.

enomic Southern Blotting (24–25)

Rat testis genomic DNA was digested with BamHI, EcoRI, or
indIII, separated on 0.8% agarose gel, transferred onto a nytran
embrane (Schleicher & Schleicher), and baked at 80°C for 2 h. The

lots were hybridized with [a-32P]dCTP-labeled probes generated
rom the clone IAP-LE insert at 42°C in a solution consisting of 50%
omamide, 53 SSPE, 23 Denhardt’s reagent, 10% dextran sulfate,
.1% SDS, and 100 mg/ml salmon sperm DNA. After washing to the
tringency of 0.13 SSC plus 0.1% SDS at 68°C, blots were exposed to
phosphorscreen for overnight.

orthern RNA Blotting (24–25)

RNA was prepared from the indicated tissues by homogenization
n guanidine isothiocynate and centrifugation through cesium chlo-
ide. Approximately 40 mg of each was separated by electrophoresis
n denaturing 1% agarose/formaldehyde gels. RNA was transferred
o a nytran membrane, vacuum-baked, and detected by hybridiza-
ion to the insert from the IAP-LE that had been labeled with
32P]dCTP using random hexamer primers and the Klenow fragment
f Escherichia coli DNA polymerase. Hybridization was performed at
2°C in 50% formamide, 53 SSPE, 23 Denhardt’s reagent, 10%
extran sulfate, 0.1% SDS, and 100 mg/ml salmon sperm DNA. The
embranes were subsequently washed in 0.13 SSC plus 0.1% SDS

t 68°C and exposed to a phosphorscreen. After removal of probe in
0% SDS at 65°C, the membranes were re-hybridized to the cDNA
lone CHO-B (26), which detects the LLRep3 gene family, to assess
he amount of RNA present in each lane.

n Situ Hybridization

Twenty-micrometer cryosections of frozen ovaries collected from
nimals stated above were mounted onto superfrost/plus microscope
lides (Fisher, PA). Sections were fixed, pretreated, and hybridized
ith antisense and sense RNA probes. [35S]UTP-labeled RNA probes
ere synthesized off the PCR-generated DNA templates to encode
49
L-30 (29). PCR clones were sequenced to confirm their identities.
NA probes (1 3 107 cpm/ml in hybridization buffer: 50% form-
mide, 53 SSPE, 23 Denhardt’s reagent, 10% dextran sulfate, 0.1%
DS, 500 mg/ml yeast RNA, and 500 mg/ml polyA) were applied to
ections and the sections were incubated in a humidity chamber at
7°C for 16–18 h. After hybridization, sections were treated with
NAse A (20 mg/ml) at 37°C for 45 min, washed in increasingly lower

oncentrations of SSC down to 0.13 SSC at 65°C, and dehydrated
hrough an ethanol series. Slides were then exposed to Kodak XAR-5
lm for 2 days and subsequently to a phosphorimager screen, and
rocessed for liquid emulsion autoradiography using NTB-2 emul-
ion (Kodak, Rochester, NY) for 2 weeks. Developed sections were
tained using hematoxylin and photographed.

ESULTS

During the course of a PCR-based subtraction clon-
ng approach that we used to identify poly A-tailed
NA species enriched in rat granulosa cells in response

o forskolin plus progesterone (23), we isolated a clone
KPS#108 with a 588 bp cDNA insert. A BLAST

earch showed that the 522-bp portion of OKPS#108
DNA matched nearly perfectly (2-bp mismatch) with
he corresponding region of the rat EST clone
A964260, indicating that these two cDNAs are de-
ived from the same gene (Fig. 1). This cDNA displayed
igh homology to the rat IAP nucleotide sequences
U23776). Further upstream and downstream se-
uences were obtained using rapid amplification of
DNA ends and genewalk approaches based upon the
nown gene structure of the IAP family. The 1351-bp
equences compiled from these approaches were
ligned with the corresponding region of the rat IAP
equences (U23776) (Fig. 2). Because of the diverse
omology throughout the sequences, alignment was
ade in three different parts of the OKPS#108 (21%

omology from nucleotide 1665 to nucleotide 1880, 75%
omology from nucleotide 1881 to nucleotide 2066, and
7% homology from nucleotide 2067 to nucleotide
991). The 59-end of the IAP-LE sequence that is not
omologous to the rat IAP indeed showed the sequence
omology to the mouse IAP element reported in mouse
hromosome sequences (AC006508). Thus, we conclude
hat the IAP-LE cDNA is highly likely a variant of the
at IAP family and designated the clone OKPS#108 as
he IAP-like element (IAP-LE). The 1351-bp IAP-LE
equence contains several putative open-reading
rames with the largest capable of encoding a 365
mino acid protein (Fig. 3). The second largest open-
eading frame is directed by a Kozak consensus trans-
ation initiation codon (the critical nucleotides are in-
icated as black diamonds), suggesting a possibility
hat this may be in use. The putative protein contains
reverse transcriptase domain in the N-terminus (the

olded amino acids) as well as a bipartite nuclear lo-
alization signal sequence in the middle (the boxed
mino acids). When the putative protein sequences
ere analyzed against the nr data base using the
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LAST-P program, the probable pol polyproteins de-
ived from the rat, mouse, and hamster IAP sequences
ere identified with the highest identities ranging

rom 44 to 48%. Additional proteins that showed high
dentity (over 40%) include Simian SRV-2 retrovirus
nd ovine pulmonary adenocarinoma virus. Thus, the
AP-LE may encode an endogenously expressed nu-
lear retroviral polymerase-like protein.

To gain insight into the pattern of endogenous ex-
ression of the IAP-LE gene, we performed genomic
outhern blotting using the probe against the IAP-LE
DNA (Fig. 4A) and Northern blotting (Fig. 4B). Re-
ults show that the IAP-LE gene is repetitive in good
greement with the characteristics of the IAP family

FIG. 2. The clone OKPS#108 is highly homologus to the rat intr
hese sequences were generated using the NCI BLAST program. The
he compiled sequences shown in Fig. 3. (A) The clone OKPS#108 (
KPS#108 (208–394) shows 75% identity to the rat IAP (1881–2066)

2067–2991).

FIG. 1. The clone OKPS#108 is identical to the rat EST clone AA
gainst the est data base identified the rat clone AA964260 that was
as generated using the NCI BLAST program. The nucleotide num

equences shown in Fig. 3.
50
5) and is highly expressed as a major ;7 kb transcript
nd a minor ;5 Kb transcript in gonadal tissues. We
ext examined its mRNA expression at the cellular

evel in ovaries of immature female rats treated with
xogenous gonadotropins (Fig. 5A) and adult cycling
ats (Fig. 5B). The specificity of the IAP-LE signal was
etermined by comparison between the antisense and
ense probes. The IAP-LE antisense probe intensely
ybridized to granulose cells of follicular structures

ncluding corpora lutea whereas the IAP-LE sense
trand did not hybridize. In addition, the IAP-LE an-
isense signal was cell-specific. Because inhibin-a
RNA expression profiles have been well established

28), we used the inhibin-a probe as a control. As ex-

sternal A-particle (IAP) element (U23776). The alignment between
cleotide number designated for the clone OKPS#108 is derived from
07) shows 21% identity to the rat IAP (1665–1880). (B) The clone

) The clone OKPS#108 (415–1336) shows 87% identity to the rat IAP

260. BLAST search using the 588 bp of the clone OKPS#108 cDNA
erated from ovarian RNA. The alignment between these sequences

r designated for the clone OKPS#108 is derived from the compiled
aci
nu
1–2
. (C
964
gen
be
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ected, granulosa cells of antral follicles express
nhibin-a mRNA. The granulose cell layers of the same
ntral follicles also express IAP-LE mRNA. The inten-
ity of both inhibin-a and IAP-LE signals dramatically
ecrease in atretic and degerating follicles as opposed

FIG. 3. Nucleotide seqeuences of the rat IAP-like element (IAP
utative open-reading frames with the largest capable of encoding
irected by a Kozak consensus translation initiation codon, suggesti
reverse transcriptase domain (bold amino acids) in the N-terminus
cids) in the middle. Thus, the clone OKPS#108 may encode an end
52
o healthy follicles. Interestingly, little or undetectable
xpression of both the inhibin-a and IAP-LE genes is
een in theca-interstitial cells, cumulus cells, and oo-
ytes. In contrast to inhibin-a mRNA expression pro-
les in the rat ovary (28), granulosa cells of preantral

). The overlapping sequences spanning 1351 bp contains several
365 amino acid protein. The second largest open-reading frame is
a possibility that this may be in use. The putative protein contains

ell as a bipartite nuclear localization signal sequence (boxed amino
nously expressed nuclear retroviral polymerase-like protein.
-LE
a

ng
as w
oge
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ollicles, including primary follicles, highly express
AP-LE mRNA. Interestingly, Following ovulation in
onadotropin-stimulated immature rats as well as in
egularly cycling rats, the IAP-LE mRNA signal in
ranulosa cells is maintained and substantially in-
reased in newly formed corpora lutea. In order to
etermine the specificity of IAP-LE mRNA expression
n preantral follicles, the pattern of IAP-LE mRNA
xpression was compared to inhibin-a, LH-receptor,
nd VL-30 transcripts using adjacent sections of im-
ature rat ovaries (Fig. 6A). IAP-LE mRNA is solely

xpressed in granulose cells of primary and secondary
ollicles, which do not express inhibin-a. These follicles
xpress LH-receptor mRNA and low VL-30 mRNA in
heca-interstitial cells. In contrast, granulose cells of
ntral follicles highly express both IAP-LE mRNA and
nhbin-a mRNA. We also compared IAP-LE mRNA
xpression in newly-formed corpora lutea with VL-30
RNA expression using a superovulation model (im-
ature rats primed with PMSG for 48 h followed by
CG for 48 h) (Fig. 6B). Newly-formed corpora lutea
ighly expressed both IAP-LE and VL-30 mRNAs.
ithin the same section, small healthy antral follicles

learly show intense expression of the IAP-LE, but not
L-30, gene. In addition, degenerating follicles show
eak expression of the IAP-LE gene.
In summary, our results demonstrate that the

AP-LE gene is expressed in the rat ovary in a cell-
pecific manner, that the IAP-LE gene is highly ex-
ressed in granulosa cells of primary, secondary, ter-

FIG. 4. The IAP-LE gene is expressed in ovary. The character-
stics of the IAP-LE gene were examined by genomic DNA Southern
lotting (A) and tissue RNA northern blotting (B) using the probe
gainst the portion of the IAP-LE (nucleotides 243–764 of Fig. 3).
he enzymes used in digesting rat testis DNA are indicated along
ith 1 kb size DNA size marker in A. Multiple hybridized bands are
rominent in samples digested with HindIII or EcoRI. Analyses
sing total RNA samples isolated from various tissues of lactating
ats are shown in B. Sample sources are indicated along with the
igration of 28S and 18S ribosomal RNA. The same blot was

tripped and reprobed for CHO-B mRNA as an internal control.
53
ormed corpora lutea, that IAP-LE mRNA expression is
istinct from another retroviral-like VL-30 gene.

ISCUSSION

In this study, we have shown that the IAP-LE gene is
xpressed in gonadal tissues. Our Northern blotting
esults show that the IAP-LE gene is expressed as a
7-kb major transcript and a ;5-kb minor transcript,

ndicating the existence of the upstream and/or down-
tream sequences of our compiled ;1.4-kb sequences.
lthough similar rat IAP transcripts have been de-

ected in placenta using the mouse IAP sequences 39 to
he pol region (29), the same probe failed to detect any
ranscripts in ovary or testis (29). Our probe against
he IAP-LE cDNA detected positive signals from all
teroidogenic tissues examined, including ovary, testis,
drenal gland and placenta (data not shown). This
iscrepancy may be accounted for the differences in
ucleotide sequences of the previously reported rat IAP
amily members (5, 7, 29) and the IAP-LE gene. It is
ossible but doubtful that the IAP-LE probe failed to
etect IAP sequences since their sequences are highly
omologous. It is then probable that the IAP-LE gene

s a variant of the rat IAP family with dissimilar se-
uences in the env region of the IAP sequences that
as used in detecting IAP-related sequences in pla-

enta but not in ovary or testis (29). There exist mul-
iple splice variants of the IAP sequences, several of
hich have been fused, via retrosplicing events to
ther sequences and thereby influencing the transcrip-
ion of neighboring genes (30–31). Thus, it is tempting,
lthough premature, to propose that similarly gener-
ted chimeric transcripts are expressed in rat granu-
osa cells. Alternatively, the IAP-LE capable of encod-
ng the reverse transcriptase/integrase may be
ransposed itself via the reverse transcription of an
NA intermediate (5, 10, 31–32).
Using the partial sequences that correspond to a

olymerase portion of the IAP family, we were able to
erform in situ hybridization to assess IAP-LE mRNA
xpression at a cellular level. Under the stringent con-
itions that specifically detect IAP-LE mRNA, we have
hown that IAP-LE mRNA is highly expressed in gran-
losa cells of all healthy follicles and newly formed
ealthy corpora lutea. The cell-specificity and hor-
onal regulation of IAP-LE mRNA expression in the

vary contrasts to the other two already-known
etroviral-like elements, VL30 (21) and the type OST-1
22). VL-30 mRNA has been shown to be weakly ex-
ressed in theca cells of antral follicles and luteal cells
nd is induced in granulosa and interstitial cells by LH
21) presumably at the level of transcription (33). In
ontrast, IAP-LE mRNA is predominantly expressed
y granulosa cells of all healthy follicles and only a
ubset of luteal cells. No dramatic induction was seen
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y LH, indicating that these two retroviral-like ele-
ent genes are controlled by different mechanisms. On

he other hand, OST-1 mRNA was found in granulosa
ells of developing follicles at the stage of preantral and
arly antral follicles but in theca cells of preovulatory
ollicles. In contrast, IAP-LE mRNA is found consis-
ently and predominantly in granulosa cells of all
ealthy follicles, preantral, antral, and preovulatory
ollicles. Another difference is luteal expression of
hese two genes. OST-1 mRNA is scarcely found in
uteal cells whereas IAP-LE mRNA is strongly ex-
ressed in a subset of corpora lutea. Curiously, both

FIG. 5. The IAP-LE gene is expressed in a cell-specific manner.
ycling rats (B) were hybridized with 35SUTP-labeled riboprobes and
hows a dark-field of antisense and sense of IAP-LE probes along w
varian sections of gonadotropin-treated immature rats (A) are fro

PMSG48h), PMSG for 48 h followed by hCG for 3 h (hCG3), 6 h (hC
f adult cycling rats (B) are taken throughout the rat estrous cycle. L
P), and estrus (E). Numbers indicate the colony time. Photographs a
n granulosa cells of all types of follicular structures including preant
54
ST-1 and IAP-LE mRNAs are detected in ovarian
urface epithelial cells. Taken together, our results
long with the previous published data indicate that
he ovary expresses several different retroviral like
lement genes in a cell-specific manner and that these
enes are differentially expressed in different endo-
rine status. The precise role(s) that these retroviral
equences play in the ovary, including their potential
nvolvement in proliferation, transformation, and tu-

origenesis, remains to be determined.
Our results demonstrating IAP-LE mRNA expres-

ion in all healthy follicles including early preantral

arian sections of gonadotropin-treated immature rats (A) and adult
bjected to subsequent liquid emulsion autoradiography. Each panel

a positive control antisense of inhibin-a probe and a bright field.
non-treated (control), PMSG for 24 h (PMSG24h), PMSG for 48 h
), 12 h (hCG12), 24 h (hCG24), and 48 h (hCG48). Ovarian sections
ers indicate the cyclic stages: metestrus (M), diestrus (D), proestrus
aken at 503 magnification. Notice strong IAP-LE mRNA expression
, antral, and preovulatory follicles, and in a subset of corporal lutea.
Ov
su
ith
m
G6
ett
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ollicles suggest a possibility that IAP-LE mRNA may
e a marker for granulosa cells upon recruitment to G1
ince IAP expression has been linked to early G1 phase
f the cell cycle (17). In the ovary, IAP-LE gene expres-
ion does not appear to be an indicative of proliferating
ells because differentiated granulosa cells of antral
nd preantral follicles express high levels of IAP-LE
RNA. It is also unlikely that the IAP-LE gene serves

s a marker of health condition of cells because neither
heca cells or cumulus cells or oocytes express detect-
ble levels of IAP-LE mRNA and because IAP-LE
RNA is detected, although at a decreased level, in

tretic follicles unless they are degenerating.
The IAP-LE product may possibly contribute to re-

ruitment of dormant primordial follicles to primary
ollicles, since primary follicles but not primordial fol-
icles express IAP-LE mRNA. IAP gene family has

FIG. 6. Comparision of cellular localization of the IAP-LE, inhibi
he same follicular structures from immature rats without any horm
) injection (B) were oriented for comparison. In A, notice the high e

nhibin-a, LH-receptor, and VL-30 transcripts are localized to this s
xpress inhibin-a mRNA. LH-receptor mRNA is localized to theca-int
one of the transcripts were localized to cumulus cells or oocytes
RNA expression in newly-formed corpora lutea (CL) and little IAP-L

s 503.
55
een reported to be involved in cell proliferation, dif-
erentiation, and transformation by modulating the ex-
ression of the nearby gene(s) upon insertion as a
etrotransposon (11–16). It is possible that IAP-LE
ay contribute to the expression of a particular gene(s)

hat is necessary for follicular growth. A few genes
ncluding the FSH receptor have been identified to be
xpressed in granulosa cells of preantral follicles and
uspected to play a role in early folliculogenesis (19,
4–35). Several growth factors including FSH, c-kit,
nd GDF-9 all appear to promote the transition of
rimary and/or secondary follicles to antral follicles
36–37), although it is not clear what initiates recruit-

ent of primordial follicles. The IAP-LE gene itself
ppears not to respond to any of these growth factors
ecause IAP-LE mRNA levels at the level of individual
ranulosa cells appear more or less similar among pre-

, LH-receptor (LH-R), and VL-30 transcripts in rat ovarian sections.
injection (A) or with a PMSG (48 h) injection followed by a hCG (48

ression of the IAP-LE gene in primary follicles whereas none of the
cture. In contrast, granulosa cells of secondary and antral follicles
titial cells whereas low levels of VL-30 mRNA are seen in this ovary.
agnification shown is 503 and 1003. In B, notice high IAP-LE
RNA expression in degenerating follicles (DG). Magnfication shown
n-a
one
xp
tru
ers
. M
E m
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o the inhibin-a gene that is known to be a direct target
f FSH action (28, 38). It is tempting, although prema-
ure, to suggest that the IAP-LE gene product may be
nvolved in interplays among various hormone to mod-
late follicular recruitment and development. It is
oteworthy that anti-Mullerian hormone has been sug-
ested to inhibit follicular recruitment (39).
IAP-LE gene expression remains high, exhibiting a

light decrease, throughout the preovulatory LH surge,
ndicating that the IAP-LE gene promoter does not
espond to cAMP in a remarkable contrast to many
onadotropin-responsive genes such as the inhibin-a
ene (40) and LH receptor gene (27, 41). Instead, the
attern of IAP-LE gene expression throughout follicu-
ogenesis, ovulation, luteal formation, and luteal re-
ression closely resembles FSH receptor gene expres-
ion (27, 34–35).
Taken together, our results demonstrating cell-

pecific expression of the IAP-LE sequences in ovarian
ranulosa cells may shed light on potential role(s) that
etroviral elements could play in folliculogenesis and
ransformation.

CKNOWLEDGMENTS

We thank Ms. Lisa Savage for help with in situ hybridization and
r. Thomas Curry, Jr., for help with follicular morphology. This
ork was supported by NIH Grants HD30719 and HD36879 to
.K.P.S. O.K.P.S. is a recipient of a NIH Research Career Develop-
ent Award, HD01135.

EFERENCES

1. Urnovitz, H. B., and Murphy, W. H. (1996) Human endogenous
retroviruses: Nature, occurrence, and clinical implications in
human disease. Clin. Microbiol. Rev. 9, 72–99.

2. Taruscio, D., and Mantovani, A. (1998) Human endogenous ret-
roviral sequences: Possible roles in reproductive physiopathol-
ogy. Biol. Reprod. 59, 713–724.

3. Fermin, C. D., and Garry, R. F. (1993) Possible involvement of a
recently discovered human retrovirus in idiopathic immunologic
disorders, including Sjorgren syndrome. HNO 41, 239–49.

4. Mason, A. L., Xu, L., Guo, L., and Garry, R. F. (1999) Retrovi-
ruses in autoimmune liver disease: Genetic or environmental
agents. Arch. Immunol. Ther. Exp. 47, 289–97.

5. Kuff, E. L., and Lueders, K. K. (1988) The intracisternal
A-particle gene family: Structure and functional aspects. Adv.
Cancer Res. 51, 183–276.

6. Garry, R. F., Fermin, C. D., Hart, D. J., Alexander, S. S., Done-
hower, L. A., and Luo-Zhang, H. (1990) Detection of a human
intracisternal A-type retroviral particle antigenically related to
HIV. Science 250, 1127–1129.

7. Nakamuta, M., Furuich, M., Takahashi, K., Suzuki, N., Endo,
H., and Yamamoto. M. (1989) Isolation and characterization of a
family of rat endogenous retroviral sequences. Virus Genes 3,
69–83.

8. Mietz, J. A., Grossman, Z., Lueders, K. K., and Kuff, E. L. (1987)
Nucleotide sequence of a complete mouse intracisternal
A-particle genome: Relationship to known aspects of particle
assembly and function. J. Virol. 61, 3020–9.
56
Kaufman, R. J. (1991) Molecular cloning and characterization of
a complete Chinese hamster provirus related to intracisternal A
particle genomes. J. Virol. 65, 4713–9.

0. Leuders, K., and Kuff, E. (1989) Transposition of intracisternal
A-particle genes. Prog. Nucleic Acid Res. Mol. Biol. 36, 173–86.

1. Wang, X. Y., Steelman, L. S., and McCbrey, J. A. (1997) Abnor-
mal activation of cytokine gene expression by intracisternal type
A particle transposition: Effects of mutations that result in au-
tocrine growth stimulation and malignant transformation. Cyto-
kines Cell. Mol. Ther. 3, 3–19.

2. Blumenstein, M., Tessmer, U., Hoissfeld, D. K., and Duhrsen, U.
(1998) Intracisternal A-particle (IAP)-mediated leukemogenesis:
Levels and stability of IAP mRNA in FDC-P1 cells exposed to the
conditions of an irradiated environment. Cell. Biol. Int. 22, 563–
74.

3. Givol, D. (1986) Activation of oncogenes by transposable ele-
ments. Biochem. Soc. Symp. 51, 183–96.

4. Horwitz, M., Luria, S., Rechavi, G., and Givol, D. (1984) Mech-
anism of activation of the mouse c-mos oncogene by the LTR of
an intracisternal A-particle gene. EMBO J. 3, 2937–41.

5. Lee, J. S., Haruna, T., Ishimoto, A., Honjo, T., and Yanagawa, S.
(1999) Intracisternal type A particle-mediated activation of the
Notch4/int3 gene in a mouse mammary tumor: Generation of
truncated Notch4/int3 mRNAs by retroviral splicing events.
J. Virol. 73, 5166–71.

6. Duhrsen, U., Stahl, J., and Gough, N. M. (1990) In vivo trans-
formation of factor-dependent hemopoietic cells: Role of intracis-
ternal A-particle transposition for growth factor gene activation.
EMBO J. 9, 1087–96.

7. Augenlicht, L. H., and Halsey, H. (1985) Expression of a mouse
long terminal repeat is cell cycle-linked. Proc. Natl. Acad. Sci.
USA 82, 1946–9.

8. Hirshfield, A. N. (1997) Overview of ovarian follicular develop-
ment: Considerations for the toxicologists. Encrion. Mol. Muta-
gen. 29, 10–5.

9. McGee, E. A., and Hsueh, A. J. W. (2000) Initial and cyclic
recruitment of ovarian follicles. Endo. Rev. 21, 200–14.

0. Reynolds, L. P., and Redmer, D. A. (1999) Growth and develop-
ment of the corpus luteum. J. Reprod. Fert. Suppl 54, 181–91.

1. Schiff, R., Itin, A., and Keshet, E. (1991) Transcriptional activa-
tion of mouse retrotransposons in vivo: Specific expression in
steroidogenic cells in response to trophic hormones. Genes Dev.
5, 521–532.

2. Godwin, A. K., Miller, P. D., Getts, L. A., Jackson, K., Sonoda, G.,
Schray, K. J., Testa, J. R., and Hamilton, T. C. (1995) Retroviral-
like sequences specifically expressed in the rat ovary detect
genetic differences between normal and transformed rat ovarian
surface epithelial cells. Endocrinology 136, 4640–4649.

3. Ko, C., In, Y. H., and Park-Sarge, O. K. (1999) Role of proges-
terone receptor activation in pituitary adenylate cyclase activat-
ing polypeptide gene expression in rat ovary. Endocrinology 140,
5185–94.

4. Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D., Seid-
man, J. G., Smith, J. A., and Struhl, K. (1989) Current Protocols
in Molecular Biology, Wiley, New York.

5. Sambrook, J., Fritsch, E., and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor
Laboratory, Cold Spring Harbor, NY.

6. Harplod, M. M., Evans, R. M., Salditt-Georgieff, M., and Darnell,
J. E. (1979) Production of mRNA in Chinese hamster cells:
Relationship of the rate of synthesis to the cytoplasmic concen-
tration of nine specific mRNA sequences. Cell 17, 1025–35.

7. Camp, T. A., Raha, J. O., and Mayo, K. E. (1991) Cellular
localization and hormonal regulation of follicle-stimulating hor-



mone and luteinizing hormone receptor messenger RNAs in the

2

2

3

3

3

3

3

follicle-stimulating hormone receptor gene expression in isolated

3

3

3

3

3

4

4

Vol. 278, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
rat ovary. Mol. Endocrinol. 5, 1405–17.
8. Woodruff, T. K., Meunier, H., Jones, P. B., Hsueh, A. J., and

Mayo, K. E. (1987) Rat inhibin: Molecular cloning of alpha- and
beta-subunit complementary deoxyribonucleic acids and expres-
sion in the ovary. Mol. Endocrinol. 1, 561–8.

9. Djaffar, I., Dianoux, L., Leibovich, S., Kaplan, L., Emanoil-
Ravier, R., and Peries, J. (1990) Detection of IAP related tran-
scripts in normal and transformed rat cells. Biochem. Biophy.
Res. Commun. 169, 222–31.

0. Puech, A., Dupressor, A., Loireau, M.-P., Mattei, M.-G., and
Heidmann, T. (1997) Characterization of two age-induced intra-
cisternal A-particle-related transcripts in the mouse liver.
J. Biol. Chem. 272, 5995–6003.

1. Leslie, K. B., Lee, F., and Schrader, J. W. (1991) Intracisternal
A-type particle-mediated activations of cytokine genes in a my-
elomonocytic leukemia: Generation of functional cytokine by ret-
roviral splicing events. Mol. Cell. Biol. 11, 5562–70.

2. Hino, O., Fukuda, T., Satake, N., Kobayashi, T., Honda, S.,
Orinoto, K., Yamashita, Y., and Kikuchi, Y. (1999) Tsc2 gene
mutant (Eker) rat model of a Mendelian dominantly inherited
cancer. Prog. Exp. Tumor Res. 35, 95–108.

3. Bohm, S., Bakke, M., Nilsson, M., Zanger, U. M., Spyrou, G., and
Lund, J. (1993) Cooperating nonconsensus cAMP-responsive el-
ements are mediators of adrenocorticotropin-induced VL30 tran-
scription in steroidogenic adrenal cells. J. Biol. Chem. 268,
3952–63.

4. Oktay, K., Briggs, D., and Gosden, R. G. (1997) Ontogeny of
57
human ovarian follicles. J. Clin. Endocrinol. Metab. 82, 3748–
51.

5. Rannikki, A. S., Zhang, F. P., and Huhtaniemi, I. T. (1995)
Ontogeny of follicle-stimulating hormone receptor gene expres-
sion in the rat testis and ovary. Mol. Cell. Endocrinol. 107,
199–208.

6. Fortune, J. E., Kito, S., and Byrd, D. D. (1999) Activation of
primordial follicles in vitro. J. Reprod. Fertil. Suppl 54, 439–48.

7. Oktay, K., Newton, H., Mullan, J., and Gosden, R. G. (1998)
Development of human primordial follicles to antral stages in
SCID/hpg mice stimulated with follicle stimulating hormone.
Hum. Reprod. 13, 1133–8.

8. Parrott, J. A., and Skinner, M. K. (1999) Kit-ligand/stem cell
factor induces primordial follicle development and initiates fol-
liculogenesis. Endocrinology 140, 4262–71.

9. Durlinger, A. L., Kramer, P., Karels, B., de Jong, F. H., Uilen-
broek, J. T., Grootegoed, J. A., and Themmen, A. P. (1999)
Control of primordial follicle recruitment by anti-Mullerian hor-
mone in the mouse ovary. Endocrinology 140, 5789–96.

0. Pei, L., Dodson, R., Schoderbek, W. E., Maurer, R. A., and Mayo,
K. E. (1991) Regulation of the alpha inhibin gene by cyclic
adenosine 39,59-monophosphate after transfection into rat gran-
ulosa cells. Mol. Endocrinol. 5, 521–34.

1. Segaloff, D. L., Wang, H. Y., and Richards, J. S. (1990) Hormonal
regulation of luteinizing hormone/chorionic gonadotropin recep-
tor mRNA in rat ovarian cells during follicular development and
luteinization. Mol. Endocrinol. 4, 1856–65.


	MATERIALS AND METHODS
	RESULTS
	FIG. 1
	FIG. 2
	FIG. 3
	FIG. 4

	DISCUSSION
	FIG. 5
	FIG. 6

	ACKNOWLEDGMENTS
	REFERENCES

