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We have isolated a rat intracisternal-A particle ele-
ment (IAP)-like element (IAP-LE) from ovarian granu-
losa cells that appears to be identical to the rat EST
clone AA964260. The compiled cDNA sequences con-
tain several putative in-frame translation initiation
codons with the largest capable of encoding a 365
amino acid protein with a reverse transcriptase do-
main in the N-terminus as well as a bipartite nuclear
localization signal sequence in the middle. Northern
blotting shows a major ~7 Kb transcript and a minor
~5 Kb transcript that are abundantly expressed in the
ovary. In situ hybridization histochemistry using ova-
ries from gonadotropin-treated immature rats and
regularly cycling adult rats show that this transcript
is predominantly localized to granulosa cells of all
healthy follicles, including primary follicles, and to
newly-formed and healthy corpora lutea. This cell-
specific expression pattern of the IAP-LE gene is dis-
tinct from those of the several known retroviral ele-
ments, suggesting the potentially novel functional
importance of the IAP-LE gene. Taken together, our
results demonstrate abundant and cell-specific ex-
pression of anovel IAP-LE in rat granulosa cells. © 2000

Academic Press

Endogenously expressed, highly-repetitive retroviral-
like sequences have gained substantial interests during
the last decade due to their limited expression in specific
cell types as well as their potential to affect the hormone-
induced expression of nearby genes, cellular transforma-
tion, and oncogenesis (1-4). Included among these retro-
viral sequences are intracisternal A-particle (IAP)
elements that are present at a high number of copies per
cell in mammalian species (5) including the human (6),
rat (7), mouse (8), and hamster (9). However, unlike other
viruses, IAPs are defective in horizontal transmission
from one cell to another due to impairment and/or ab-
sence of the envelope protein. In contrast, their intact
reverse transcriptase/integrase activity allows proviral

integration and thus they are implicated as retroposons
(20). 1AP retrotranspositions in proto-oncogenes such as
cytokines, c-mos, growth factors and receptors have been
suspected to play a significant role in altering cellular
function from gene expression to transformation (11-16).
In addition, IAP is expressed during the early G1 phase
of the cell cycle (17) and in turn, high expression of IAPs
has been positively correlated to the preneoplastic stage
of tumors.

Ovarian follicles continue to grow, differentiate, and
transform throughout adult life. Granulosa cells are
recruited from their GO dormant status in primordial
follicles, undergo mitosis in a hormone-responsive
manner, and transform to luteal cells upon ovulation
(18-20). The ovary has been reported to express two
endogenously expressed retroviral-like genes in a cell-
specific manner (21-22). Although the functional sig-
nificance of these endogenously expressed retroviral-
like genes in granulosa cells is unknown, they are
speculated to function as retroposons to alter specific
genes and to be potentially involved in ovarian tumor-
igenesis. We report here the cloning of a cDNA that is
highly homologous to the rat IAP and is highly ex-
pressed in a cell-specific manner during follicular
growth, differentiation, and transformation.

MATERIALS AND METHODS

Materials

Unless specifically stated, all molecular biological enzymes were
purchased from New England Biolabs (Beverly, MA). All radioiso-
topes and olignonucleotides were obtained from New England Nu-
clear (Boston, MA) and Integrated DNA Technology Inc. (Coralville,
1A), respectively.

Animals

All rats were housed in a photoperiod of 14 h light/10 h darkness
with light on at 0500 h and handled according to the NIH guidelines
for care and use of animals and University of Kentucky Institutional
Animal Care and Use Committee.
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Superovulation immature rat model. Twenty-one-day-old Sprague-
Dawley female pups with nursing mothers were purchased from Harlan
Breeding Company (Indianapolis, IN). At 22 or 23 days of age, rats were
injected s.c. with pregnant mare’s serum gonadotropin (PMSG, 10 1U,
Sigma). Forty-eight hours later, rats were injected s.c. with human
chorionic gonadotropin (hCG, 10 1U, Sigma).

Adult cycling rat model. Adult virgin female Sprague-Dawley rat
(150-180 g body weight) were purchased from Charles River Breed-
ing Company (Wilmington, MA). Estrous cyclic stages were deter-
mined by daily vaginal smears, and only rats demonstrating mini-
mally two consecutive 4-day cycles were used for the experiments.
Rats were killed by decapitation at 1000 h of estrus, metestrus,
diestrus, and proestrus and at 1400 h, 1600 h, 1800 h, 2000 h, and
2200 h of proestrus. Serum LH concentrations in trunk blood as
determined by RIA indicate the peak of the LH surge at 1800 h.

Cloning and Sequencing of the IAP-LE cDNAs

A partial PCR clone OKPS#108 (referred as IAP-LE hereafter)
with a 588-bp insert was originally obtained during the course of
subtraction cloning procedure that was previously reported (23).
DNA sequences of the clone IAP-LE were determined with a Thermo
Sequenase radiolabeled terminator cycle sequencing kit (Amersham,
OH) using M13 forward and backward primers. Further 5'- and
3’-sequences of the IAP-LE mRNA were obtained using commer-
cially available Kits for 5'-RACE (BRL) and 3'-Genewalk (Clonetech)
according to the manufacturer’s procedures. The fully combined se-
quences reported here have been confirmed using RT-PCR cloning of
the 1AP-LE transcript.

Genomic Southern Blotting (24-25)

Rat testis genomic DNA was digested with BamHI, EcoRlI, or
Hindlll, separated on 0.8% agarose gel, transferred onto a nytran
membrane (Schleicher & Schleicher), and baked at 80°C for 2 h. The
blots were hybridized with [a-*P]dCTP-labeled probes generated
from the clone IAP-LE insert at 42°C in a solution consisting of 50%
fomamide, 5X SSPE, 2X Denhardt's reagent, 10% dextran sulfate,
0.1% SDS, and 100 pg/ml salmon sperm DNA. After washing to the
stringency of 0.1X SSC plus 0.1% SDS at 68°C, blots were exposed to
a phosphorscreen for overnight.

Northern RNA Blotting (24-25)

RNA was prepared from the indicated tissues by homogenization
in guanidine isothiocynate and centrifugation through cesium chlo-
ride. Approximately 40 ug of each was separated by electrophoresis
on denaturing 1% agarose/formaldehyde gels. RNA was transferred
to a nytran membrane, vacuum-baked, and detected by hybridiza-
tion to the insert from the IAP-LE that had been labeled with
[*P]dCTP using random hexamer primers and the Klenow fragment
of Escherichia coli DNA polymerase. Hybridization was performed at
42°C in 50% formamide, 5X SSPE, 2X Denhardt's reagent, 10%
dextran sulfate, 0.1% SDS, and 100 pg/ml salmon sperm DNA. The
membranes were subsequently washed in 0.1X SSC plus 0.1% SDS
at 68°C and exposed to a phosphorscreen. After removal of probe in
20% SDS at 65°C, the membranes were re-hybridized to the cDNA
clone CHO-B (26), which detects the LLRep3 gene family, to assess
the amount of RNA present in each lane.

In Situ Hybridization

Twenty-micrometer cryosections of frozen ovaries collected from
animals stated above were mounted onto superfrost/plus microscope
slides (Fisher, PA). Sections were fixed, pretreated, and hybridized
with antisense and sense RNA probes. [*S]UTP-labeled RNA probes
were synthesized off the PCR-generated DNA templates to encode
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the IAP-LE clone (this study), LH-receptor (27), inhibin-a (28), or
VL-30 (29). PCR clones were sequenced to confirm their identities.
RNA probes (1 X 107 cpm/ml in hybridization buffer: 50% form-
amide, 5X SSPE, 2X Denhardt's reagent, 10% dextran sulfate, 0.1%
SDS, 500 wpg/ml yeast RNA, and 500 ug/ml polyA) were applied to
sections and the sections were incubated in a humidity chamber at
47°C for 16-18 h. After hybridization, sections were treated with
RNAse A (20 pg/ml) at 37°C for 45 min, washed in increasingly lower
concentrations of SSC down to 0.1X SSC at 65°C, and dehydrated
through an ethanol series. Slides were then exposed to Kodak XAR-5
film for 2 days and subsequently to a phosphorimager screen, and
processed for liquid emulsion autoradiography using NTB-2 emul-
sion (Kodak, Rochester, NY) for 2 weeks. Developed sections were
stained using hematoxylin and photographed.

RESULTS

During the course of a PCR-based subtraction clon-
ing approach that we used to identify poly A-tailed
RNA species enriched in rat granulosa cells in response
to forskolin plus progesterone (23), we isolated a clone
OKPS#108 with a 588 bp cDNA insert. A BLAST
search showed that the 522-bp portion of OKPS#108
cDNA matched nearly perfectly (2-bp mismatch) with
the corresponding region of the rat EST clone
AA964260, indicating that these two cDNAs are de-
rived from the same gene (Fig. 1). This cDNA displayed
high homology to the rat IAP nucleotide sequences
(U23776). Further upstream and downstream se-
guences were obtained using rapid amplification of
cDNA ends and genewalk approaches based upon the
known gene structure of the IAP family. The 1351-bp
sequences compiled from these approaches were
aligned with the corresponding region of the rat IAP
sequences (U23776) (Fig. 2). Because of the diverse
homology throughout the sequences, alignment was
made in three different parts of the OKPS#108 (21%
homology from nucleotide 1665 to nucleotide 1880, 75%
homology from nucleotide 1881 to nucleotide 2066, and
87% homology from nucleotide 2067 to nucleotide
2991). The 5’-end of the IAP-LE sequence that is not
homologous to the rat IAP indeed showed the sequence
homology to the mouse IAP element reported in mouse
chromosome sequences (AC006508). Thus, we conclude
that the IAP-LE cDNA is highly likely a variant of the
rat IAP family and designated the clone OKPS#108 as
the 1AP-like element (IAP-LE). The 1351-bp IAP-LE
sequence contains several putative open-reading
frames with the largest capable of encoding a 365
amino acid protein (Fig. 3). The second largest open-
reading frame is directed by a Kozak consensus trans-
lation initiation codon (the critical nucleotides are in-
dicated as black diamonds), suggesting a possibility
that this may be in use. The putative protein contains
a reverse transcriptase domain in the N-terminus (the
bolded amino acids) as well as a bipartite nuclear lo-
calization signal sequence in the middle (the boxed
amino acids). When the putative protein sequences
were analyzed against the nr data base using the
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OKPS#108 ttgaaagtaatcaattgtttatagcaccagagaaggttcaaatgggcaaaaagggagaat 303
|||l| ||||| RN R AR AR R RN AR A RN RN
AAS64260 ttgaaagtaatcaattgtttatagcaccagagaaggttcaaatgggcaaaaagggagaat 75
OKPS#108 atttaggagcaaagattactcctcataatgtttcoccctcagaaaattgaattacgaaagg 363
AR NN R RN R AR AR RR R ER RN
AAS64260 atttaggagcaaagattactcecctcataatgtttccectcagaaaattgaattacgaaagg 135
OKPS#108 atcatttaaaaacattaaatgattttcaaaagttcatgggaagtattaattggattcgac 423
R A A AR R AR A AN R AR AR AR R EUARA RN
AAS64260 atcatttaaaaacattaaatgattttcaaaagttgctgggaagtattaattggattcgac 195
OKPS#108 483
II|IIIII!ItIII||||||l!||||l| II!IIIIIIIIIIIIII!IIIIIIIIIIIIII
ARD64260 ttacaaccactctatgagatccttaaaggggatt 255
OKPS#108 ctcagcttacttcacccegtgctttaactgaggaagcacgaatgtcectetaaggaaagtgg 543
III|||I|IIIIIIIIIIIIIIIItIIIIIII AR R AR AR R AR AR RAR
AAS64260 gtgctttaactgaggaagcacgaatgtctctaaggaaagtgg 315
OKPS#108 agagaggactagaaaaggcaatgctgagaagatacaaggaaaatgaggatetttttttgt 603
PECEEEEEET TR EE TR E R E R
AA964260 agagaggactagaaaaggcaatgctgagaagatacaaggaaaatgaggatctttttttgt 375
OKPS#108 tactgagaacttttegtcagectacaggggtgectatggcaacagggaccacttcectgt 663
||||||||||||lllillllllillllilllll!ll AR RRRR NN RERRR
AA964260 gtatactgagaacttttcgtcagectacaggggtgctatggecaacagggaccacttetgt 435
OKPS#108 ggatttatcctcatatttctcecctaataagactcttgaatactatececttetgetgttgege 723
IttlIII!IIIIIIIIIIIIIIIII AR AR RN AR AR RRA RN
AA964260 ttatcctcatatttctcctaataagactettgaatactatccttetgetgttgege 495
OKPS#108 agcttgctatgttaggtgttaaatcttgecattcaacatttt 764
CEEEETEETEET R PR E T er
AM964260 agcttgctatgttaggtgttaaatcttgecattcaacatttt 536

FIG. 1. The clone OKPS#108 is identical to the rat EST clone AA964260. BLAST search using the 588 bp of the clone OKPS#108 cDNA
against the est data base identified the rat clone AA964260 that was generated from ovarian RNA. The alignment between these sequences
was generated using the NCI BLAST program. The nucleotide number designated for the clone OKPS#108 is derived from the compiled

sequences shown in Fig. 3.

BLAST-P program, the probable pol polyproteins de-
rived from the rat, mouse, and hamster 1AP sequences
were identified with the highest identities ranging
from 44 to 48%. Additional proteins that showed high
identity (over 40%) include Simian SRV-2 retrovirus
and ovine pulmonary adenocarinoma virus. Thus, the
IAP-LE may encode an endogenously expressed nu-
clear retroviral polymerase-like protein.

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

(5) and is highly expressed as a major ~7 kb transcript
and a minor ~5 Kb transcript in gonadal tissues. We
next examined its MRNA expression at the cellular
level in ovaries of immature female rats treated with
exogenous gonadotropins (Fig. 5A) and adult cycling
rats (Fig. 5B). The specificity of the IAP-LE signal was
determined by comparison between the antisense and
sense probes. The IAP-LE antisense probe intensely
hybridized to granulose cells of follicular structures
including corpora lutea whereas the IAP-LE sense
strand did not hybridize. In addition, the IAP-LE an-
tisense signal was cell-specific. Because inhibin-«
MRNA expression profiles have been well established
(28), we used the inhibin-a probe as a control. As ex-

FIG. 2. The clone OKPS#108 is highly homologus to the rat intracisternal A-particle (IAP) element (U23776). The alignment between
these sequences were generated using the NCI BLAST program. The nucleotide number designated for the clone OKPS#108 is derived from
the compiled sequences shown in Fig. 3. (A) The clone OKPS#108 (1-207) shows 21% identity to the rat IAP (1665-1880). (B) The clone
OKPS#108 (208-394) shows 75% identity to the rat IAP (1881-2066). (C) The clone OKPS#108 (415-1336) shows 87% identity to the rat IAP

(2067-2991).
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A OKPS#108 1 gattgcatttaccttaccctctatgaacaatgaagaageccgataagegetatcagtggg 60

| [ LT || |

Rat-IAP 1672 ttttgtgu:tcatgtttaaaagaaaaaaaatggttaaaactttaaatgctggttgattca 1731

OKPS#108 61 tagtcttacctcaaggtatggctaatagccoctactatgtgtcagetgtatgtgggaaaag 124

Rat-IAP 1732 cccattgatgtagetttaactccectttcaagaaaggaacaaataaataaaaagtttcaatt 1796

OKPS#108 125 ccttacagcttatacgtgatcaattcccaaaattgagaataatacattttatggatgata 190

Rat-IAP 1797 ggcttcggggagcctacatctgtagctagaagcctaagtngctgggcaagctccccagg 1862

OKPS#108 191 tattgctttctgctaaagactgtagta 207

Rat-IAP 1863 gggctggctaaatgtttatactageeg 1880

OKPS#108 208 ccctagaaacggectatgcotgaa ataaagacgctt aaagtaatcaatt tttata 267
B TN T I T T

Rat-IAP 1881 ccctagaagcggcctatacaaaagtggttaaggtgcttgaaaacaatcaattgttca ag 1940

OKPS#108 268 caccagagaaggttcaaatgggcaaaaagggagaatatttaggagcaaagattactecte 327
ractap 1001 bbbl LSLLLLLLEEEL LU LU LLLL LU L L A AU ML 2000

OKPS#108 328 ataatgtttcccctcagaaaattgaattacgaaaggatcatttaaaaacattaaatgatt 387
RatIAP 2001 ablgealttbel LI ML 560,

OKPS#108 388 ttcaaaa
Rat-IAP 2053 itl’.(lié‘lggé 2099

OKPS#108 415 attcgaccctatataaacatgectaatgcagatttacaaccactetatgagatectta 474
C T T T T T e

Rat-IAP 2067 ggattcgaccctatattaaaatgcccaatgtagatttacaaacactttatgaggtcctga 2126

N T

Rat-IAP 2127 aaggggattctcagettacttcacccegtgt ttaaccaaggaagcacgattatccttga 2186

N K R A AN

Rat-TAP 2187 ggaaagtagaagaaagactagaaaagacaatactaaaaaggtataaggaagaagaagatc 2246

OKPS#108 595 ctt tgtatact acttt teo tcagcc acaggggtgctatggcaacagggac 654
RaiAP LT T T T T TP T P e P o e T T T 279

! 2247 tgcttttgtgtatactgagaac tttcgtcaacctacaggagtattatggcaacaaggte 2306

OKPSHOS 652 S Iy

Rat-IAP 2307 ttggat tatccccatat tct cc taataaaacccttgaatattacccttctyg 2366

OKPS#108 715 ctgttgegcagecttgctatgttaggtgttaaatecttgecattcaacattttggeatecttac 774

L L T VL EL VLT LT L]

Rat-IAP 5349 gttgcacaccttgotgtgttaggtgttaaatcttgeattcageatittggtatttcac 2426
OKPS#108 775 caaagaggattattgtaccatatactgeaactcaggtagaaacattgtgtgecttgatag 834
RaviaP 2427 bhdddlaad ML L AL LA LU LU LA B L LBLLLL 5066

OKPS#108 835 atgattgggctatattacgatgttattttgacggagagttt— ataatcattatcctaag 893

LLLLLE LI LL L L LT || IH\HIIIIIHH

Rat-IAP 2487 atgattgggccatattgcgetgtagttttgatggagagtttggacaatcattatcctaag 2546

O T e e T >
Rat-1AP 2547 ccgttgetac tttactgaacatccagtgatetttcctaaaatcactgectca 2606
OKPS#108 954 gagcctttgtctggagcattagatatttatacagatggetccaaaacaggtgtaggtgee 1013
Risr g0 LTI LRSI o
OKPS#108 1014  tatatggttaattctcaagaaccaggtcttaattcaa----- gccaggcacccecccaaat 1068
Raiap 2657 AU LML L I L gl AL 570
OKPS#108 1069 gaat aaattgtattggaggttttcaaaagatttcatgatccttttaatttaat 1128
e e UL LT LT LTI e
OKPS#108 1129 ttctgattctggttatgtagttaacgectgtgegetectcttgaaatagecagggccaattag 1188
wtar zro ALd e U LTI DTTRTUTTTINT ol

OKPS#108 1189 tcgactagtacagtatgtcaaattcttttagaattagcaaaaattaattt ccagaa 1248
T T T T T T T
gtcgactagtactgtatgtcaaatte agaatta-caaa gccagaa

Rat-IAP  5g45 € aaatttgatttgg 2903
OKPS#108 1249  aaaataagtttttcatacaacatattcgagctcatactaatttgegtggtcccatggeca 1308

RaviaP 590, AAMLL U ILMALLU LU EREEL LU LA EL LG g LV LLELL G L 506
OKPS#108 1309 gTaatTatgctttggtgn_lgatgctagt?c 1336

RavtAP o6;  GLAMLLL Ll SHELGULLILL o0
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1 - GATTGCATTTACCTTACCCTCTATGAACAATGAAGAAGCCCGATAAGCGCTATCAGTGE - 59
R N M K K P D K R Y Q W
60 - GTAGTCTTACCTCAAGGTATGGCTAATAGCCCTACTATGTGTCAGCTGTATGTGGGAAAA - 119
V VL P Q GMANTGSU PTMMTC C G QTLTYJV G K
120 - GCCTTACAGCTTATACGTGATCAATTCCCAAAATTGAGAATAATACATTTTATGGATGAT - 179
A L 9 L I R D Q F P K L R I I HF M D D
180 - ATATTGCTTTCTGCTAAAGACTGTAGTACCCTAGAAACGGCCTATGCTGAAGTGATAAAG - 239
I L L $ A XK DGO CSTTULTETA ATYA ATETUV VI K
240 - ACGCTTGAAAGTAATCAATTGTTTATAGCACCAGAGAAGGTTCAAATGGGCAAAAAGGGA - 299
T L E S N Q L F I A P E K V Q M ¢ K K G
300 - GAATATTTAGGAGCAAAGATTACTCCTCATAATGTTTCCCCTCAGAAAATTGAATTACGA - 359
E Y L 6 A K I T P HNV S P Q K I E L R
360 - AAGGATCATTTAAAAACATTAAATGATTTTCAAAAGTTCATGGGAAGTATTAATTGGATT - 419
K D H L K T UL NDF Q K F M G S8 I N W I
420 - CGACCCTATATAAACATGCCTAATGCAGATTTACAACCACTCTATGAGATCCTTAAAGGG - 479
R P Y I NM PN ADTILGUGQTZPTLZYTETITL K G
480 - GATTCTCAGCTTACTTCACCCCGTGCTTTAACTGAGGAAGCACGAATGTCTCTAAGGAAA - 539
D S Q L TS PRATLTTETEH AT RUMS L R [K_
540 - GTGGAGAGAGGACTAGAAAAGGCAATGCTGAGAAGATACAAGGAAAATGAGGATCTTTTT - 599
V E R G L E K A M LR R Y K E N E D L F
600 - TTGTGTATACTGAGAACTTTTCGTCAGCCTACAGGGGTGCTATGGCAACAGGGACCACTT - 659
L ¢ I L R TP FUROQZ PTGV L W OQ QO G P L
660 - CTGTGGATTTATCCTCATATTTCTCCTAATAAGACTCTTGAATACTATCCTTCTGCTGTT - 719
L W I Y P H I S P NIKTTULETY Y P S A V
720 - GCGCAGCTTGCTATGTTAGGTGTTAAATCTTGCATTCAACATTTTGGCATCTTACCARAG - 779
A Qg L AMTUL GV K S CTI QUHTFGTITL P K
780 - AGGATTATTGTACCATATACTGCAACTCAGGTAGAAACATTGTGTGCCTTGATAGATGAT - 839
R I I Vv P Y T A TOQUV ETTUL CATL I D D
840 - TGGGCTATATTACGATGTTATTTTGACGGAGAGTTTGATAATCATTATCCTAAGGATCCT - 899
W A I L R C VY F DG GTETFTDTNTGH Y P K D P
900 - TTGTTGCAATTTTTTACTGAGCATCCAGTAATTTTTCCAAAGGTCACTGCCTCAGAGCCT - 959
L L Q F F T EH PV I F P KV T A S E P
960 - TTGTCTGGAGCATTAGATATTTATACAGATGGCTCCAAAACAGGTGTAGGTGCCTATATG - 1019
L §s ¢ A L D I Y T DOGGS S KT GV G A Y M
1020 - GTTAATTCTCAAGAACCAGGTCTTAATTCAAGCCAGGCACCCCCCAAATTACAGAATGCA - 1079
V N S Q E P G L NS S QA UPUPIXIL Q N A
1080 - AAATTGTATTGGAGGTTTTCAAAAGATTTCATGATCCTTTTAATTTAATTTCTGATTCTG - 1139
K L Y W R F S K D F M I L L I =*
1140 - GTTATGTAGTTAACGCTGTGCGCTCTCTTGAAATAGCAGGGCCAATTAGGTCGACTAGTA - 1199
1200 - CAGTATGTCAAATTCTTTTAGAATTAGCAAAAATTAATTTGGGCCAGAAAAAATAAGTTT - 1259
1260 - TTCATACAACATATTCGAGCTCATACTAATTTGCGTGGTCCCATGGCCAGTAATAATGCT - 1319
1320 - TTGGTGGATGCTAGTACCAGCCCGGGCCATCG - 1351

FIG. 3. Nucleotide seqeuences of the rat 1AP-like element (IAP-LE). The overlapping sequences spanning 1351 bp contains several
putative open-reading frames with the largest capable of encoding a 365 amino acid protein. The second largest open-reading frame is
directed by a Kozak consensus translation initiation codon, suggesting a possibility that this may be in use. The putative protein contains
a reverse transcriptase domain (bold amino acids) in the N-terminus as well as a bipartite nuclear localization signal sequence (boxed amino
acids) in the middle. Thus, the clone OKPS#108 may encode an endogenously expressed nuclear retroviral polymerase-like protein.

pected, granulosa cells of antral follicles express
inhibin-a MRNA. The granulose cell layers of the same
antral follicles also express IAP-LE mRNA. The inten-
sity of both inhibin-a and IAP-LE signals dramatically
decrease in atretic and degerating follicles as opposed

52

to healthy follicles. Interestingly, little or undetectable
expression of both the inhibin-a and IAP-LE genes is
seen in theca-interstitial cells, cumulus cells, and oo-
cytes. In contrast to inhibin-a« mMRNA expression pro-
files in the rat ovary (28), granulosa cells of preantral
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FIG. 4. The IAP-LE gene is expressed in ovary. The character-
istics of the IAP-LE gene were examined by genomic DNA Southern
blotting (A) and tissue RNA northern blotting (B) using the probe
against the portion of the IAP-LE (nucleotides 243-764 of Fig. 3).
The enzymes used in digesting rat testis DNA are indicated along
with 1 kb size DNA size marker in A. Multiple hybridized bands are
prominent in samples digested with Hindlll or EcoRIl. Analyses
using total RNA samples isolated from various tissues of lactating
rats are shown in B. Sample sources are indicated along with the
migration of 28S and 18S ribosomal RNA. The same blot was
stripped and reprobed for CHO-B mRNA as an internal control.

follicles, including primary follicles, highly express
IAP-LE mRNA. Interestingly, Following ovulation in
gonadotropin-stimulated immature rats as well as in
regularly cycling rats, the IAP-LE mRNA signal in
granulosa cells is maintained and substantially in-
creased in newly formed corpora lutea. In order to
determine the specificity of IAP-LE mRNA expression
in preantral follicles, the pattern of I1AP-LE mRNA
expression was compared to inhibin-«a, LH-receptor,
and VL-30 transcripts using adjacent sections of im-
mature rat ovaries (Fig. 6A). IAP-LE mRNA is solely
expressed in granulose cells of primary and secondary
follicles, which do not express inhibin-a. These follicles
express LH-receptor mRNA and low VL-30 mRNA in
theca-interstitial cells. In contrast, granulose cells of
antral follicles highly express both IAP-LE mRNA and
inhbin-a MRNA. We also compared IAP-LE mRNA
expression in newly-formed corpora lutea with VL-30
MRNA expression using a superovulation model (im-
mature rats primed with PMSG for 48 h followed by
hCG for 48 h) (Fig. 6B). Newly-formed corpora lutea
highly expressed both IAP-LE and VL-30 mRNAs.
Within the same section, small healthy antral follicles
clearly show intense expression of the IAP-LE, but not
VL-30, gene. In addition, degenerating follicles show
weak expression of the IAP-LE gene.

In summary, our results demonstrate that the
IAP-LE gene is expressed in the rat ovary in a cell-
specific manner, that the IAP-LE gene is highly ex-
pressed in granulosa cells of primary, secondary, ter-
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tiary, and preovulatory follicles as well as newly
formed corpora lutea, that IAP-LE mRNA expression is
distinct from another retroviral-like VL-30 gene.

DISCUSSION

In this study, we have shown that the IAP-LE gene is
expressed in gonadal tissues. Our Northern blotting
results show that the IAP-LE gene is expressed as a
~7-kb major transcript and a ~5-kb minor transcript,
indicating the existence of the upstream and/or down-
stream sequences of our compiled ~1.4-kb sequences.
Although similar rat IAP transcripts have been de-
tected in placenta using the mouse IAP sequences 3’ to
the pol region (29), the same probe failed to detect any
transcripts in ovary or testis (29). Our probe against
the IAP-LE cDNA detected positive signals from all
steroidogenic tissues examined, including ovary, testis,
adrenal gland and placenta (data not shown). This
discrepancy may be accounted for the differences in
nucleotide sequences of the previously reported rat IAP
family members (5, 7, 29) and the IAP-LE gene. It is
possible but doubtful that the IAP-LE probe failed to
detect AP sequences since their sequences are highly
homologous. It is then probable that the IAP-LE gene
is a variant of the rat IAP family with dissimilar se-
guences in the env region of the IAP sequences that
was used in detecting IAP-related sequences in pla-
centa but not in ovary or testis (29). There exist mul-
tiple splice variants of the IAP sequences, several of
which have been fused, via retrosplicing events to
other sequences and thereby influencing the transcrip-
tion of neighboring genes (30-31). Thus, it is tempting,
although premature, to propose that similarly gener-
ated chimeric transcripts are expressed in rat granu-
losa cells. Alternatively, the IAP-LE capable of encod-
ing the reverse transcriptase/integrase may be
transposed itself via the reverse transcription of an
RNA intermediate (5, 10, 31-32).

Using the partial sequences that correspond to a
polymerase portion of the IAP family, we were able to
perform in situ hybridization to assess IAP-LE mRNA
expression at a cellular level. Under the stringent con-
ditions that specifically detect IAP-LE mRNA, we have
shown that IAP-LE mRNA is highly expressed in gran-
ulosa cells of all healthy follicles and newly formed
healthy corpora lutea. The cell-specificity and hor-
monal regulation of IAP-LE mRNA expression in the
ovary contrasts to the other two already-known
retroviral-like elements, VL30 (21) and the type OST-1
(22). VL-30 mRNA has been shown to be weakly ex-
pressed in theca cells of antral follicles and luteal cells
and is induced in granulosa and interstitial cells by LH
(21) presumably at the level of transcription (33). In
contrast, IAP-LE mRNA is predominantly expressed
by granulosa cells of all healthy follicles and only a
subset of luteal cells. No dramatic induction was seen
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FIG. 5. The IAP-LE gene is expressed in a cell-specific manner. Ovarian sections of gonadotropin-treated immature rats (A) and adult
cycling rats (B) were hybridized with *SUTP-labeled riboprobes and subjected to subsequent liquid emulsion autoradiography. Each panel
shows a dark-field of antisense and sense of IAP-LE probes along with a positive control antisense of inhibin-a probe and a bright field.
Ovarian sections of gonadotropin-treated immature rats (A) are from non-treated (control), PMSG for 24 h (PMSG24h), PMSG for 48 h
(PMSG48h), PMSG for 48 h followed by hCG for 3 h (hCG3), 6 h (hCG6), 12 h (hCG12), 24 h (hCG24), and 48 h (hCG48). Ovarian sections
of adult cycling rats (B) are taken throughout the rat estrous cycle. Letters indicate the cyclic stages: metestrus (M), diestrus (D), proestrus
(P), and estrus (E). Numbers indicate the colony time. Photographs are taken at 50X magnification. Notice strong IAP-LE mRNA expression
in granulosa cells of all types of follicular structures including preantral, antral, and preovulatory follicles, and in a subset of corporal lutea.

by LH, indicating that these two retroviral-like ele- OST-1 and IAP-LE mRNAs are detected in ovarian
ment genes are controlled by different mechanisms. On  surface epithelial cells. Taken together, our results
the other hand, OST-1 mRNA was found in granulosa along with the previous published data indicate that
cells of developing follicles at the stage of preantral and the ovary expresses several different retroviral like
early antral follicles but in theca cells of preovulatory element genes in a cell-specific manner and that these
follicles. In contrast, IAP-LE mRNA is found consis- genes are differentially expressed in different endo-
tently and predominantly in granulosa cells of all crine status. The precise role(s) that these retroviral
healthy follicles, preantral, antral, and preovulatory sequences play in the ovary, including their potential
follicles. Another difference is luteal expression of involvement in proliferation, transformation, and tu-
these two genes. OST-1 mRNA is scarcely found in morigenesis, remains to be determined.

luteal cells whereas IAP-LE mRNA is strongly ex- Our results demonstrating IAP-LE mRNA expres-
pressed in a subset of corpora lutea. Curiously, both sion in all healthy follicles including early preantral
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FIG. 6. Comparision of cellular localization of the IAP-LE, inhibin-«, LH-receptor (LH-R), and VL-30 transcripts in rat ovarian sections.
The same follicular structures from immature rats without any hormone injection (A) or with a PMSG (48 h) injection followed by a hCG (48
h) injection (B) were oriented for comparison. In A, notice the high expression of the IAP-LE gene in primary follicles whereas none of the
inhibin-«, LH-receptor, and VL-30 transcripts are localized to this structure. In contrast, granulosa cells of secondary and antral follicles
express inhibin-a mMRNA. LH-receptor mRNA is localized to theca-interstitial cells whereas low levels of VL-30 mRNA are seen in this ovary.
None of the transcripts were localized to cumulus cells or oocytes. Magnification shown is 50X and 100X. In B, notice high I1AP-LE
mMRNA expression in newly-formed corpora lutea (CL) and little IAP-LE mRNA expression in degenerating follicles (DG). Magnfication shown

is 50X.

follicles suggest a possibility that IAP-LE mRNA may
be a marker for granulosa cells upon recruitment to G1
since AP expression has been linked to early G1 phase
of the cell cycle (17). In the ovary, IAP-LE gene expres-
sion does not appear to be an indicative of proliferating
cells because differentiated granulosa cells of antral
and preantral follicles express high levels of IAP-LE
MRNA. It is also unlikely that the IAP-LE gene serves
as a marker of health condition of cells because neither
theca cells or cumulus cells or oocytes express detect-
able levels of IAP-LE mRNA and because IAP-LE
MRNA is detected, although at a decreased level, in
atretic follicles unless they are degenerating.

The IAP-LE product may possibly contribute to re-
cruitment of dormant primordial follicles to primary
follicles, since primary follicles but not primordial fol-
licles express IAP-LE mRNA. IAP gene family has
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been reported to be involved in cell proliferation, dif-
ferentiation, and transformation by modulating the ex-
pression of the nearby gene(s) upon insertion as a
retrotransposon (11-16). It is possible that IAP-LE
may contribute to the expression of a particular gene(s)
that is necessary for follicular growth. A few genes
including the FSH receptor have been identified to be
expressed in granulosa cells of preantral follicles and
suspected to play a role in early folliculogenesis (19,
34-35). Several growth factors including FSH, c-kit,
and GDF-9 all appear to promote the transition of
primary and/or secondary follicles to antral follicles
(36-37), although it is not clear what initiates recruit-
ment of primordial follicles. The IAP-LE gene itself
appears not to respond to any of these growth factors
because IAP-LE mRNA levels at the level of individual
granulosa cells appear more or less similar among pre-
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antral and antral follicles. This is in a remark contrast
to the inhibin-« gene that is known to be a direct target
of FSH action (28, 38). It is tempting, although prema-
ture, to suggest that the IAP-LE gene product may be
involved in interplays among various hormone to mod-
ulate follicular recruitment and development. It is
noteworthy that anti-Mullerian hormone has been sug-
gested to inhibit follicular recruitment (39).

IAP-LE gene expression remains high, exhibiting a
slight decrease, throughout the preovulatory LH surge,
indicating that the IAP-LE gene promoter does not
respond to cAMP in a remarkable contrast to many
gonadotropin-responsive genes such as the inhibin-«
gene (40) and LH receptor gene (27, 41). Instead, the
pattern of IAP-LE gene expression throughout follicu-
logenesis, ovulation, luteal formation, and luteal re-
gression closely resembles FSH receptor gene expres-
sion (27, 34-35).

Taken together, our results demonstrating cell-
specific expression of the IAP-LE sequences in ovarian
granulosa cells may shed light on potential role(s) that
retroviral elements could play in folliculogenesis and
transformation.
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