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PROTEIN KINASE B/AKT IN MOUSE EGGS

are few reports about the mechanism of the regulation of early
development of mouse fertilized eggs, especially the events of
entry into M-phase. Here we report that AKT causes the
activation of MPF and strongly promotes the development of
one-cell stage mouse fertilized eggs by inducing AKT
dependent phmplml\-l.atmn of CDC25B, a member of
CDC25 phosphatase family. Our findings identify CDC2SB
a potential target of AKT and provi ide new insight into the
effect of AKT in the regulation of mouse early embryo
development.

MATERIALS AND METHODS

Animals and Reagents

Kunming strain mice were obtained from the Deparment of Laboratorny
Animals, China Medical University (CMIT. All experiments were performed at
CMU in accordance with e NIH Guidelines for the Care and Use of
Laboratory Animalk. The protocol for animal handling and te reament
procedures were reviewed and approved by fe CMU Animal Care and Use
Commitiee. Reagents, unless otherwise specified, were from Sigma.

Collection and Culture of Mouse Embryos

One-cel] stage mouse embryos were collectod and cultured according o the
method described by Hogan and Constanting [25]. Female mice at 4-6 wk old
were abdominally injected with 10 TU of ¢0G and 48 h later with 10 TU hCG. A
single femalk: was placed with a single male for fertilization. One-cell embryos

vere collected with M2 medium the next day (20 h after hCG injection) from

he oviduct of females possessing a vaginal plug. After injecton with mRMNA,

bryos were cultured i a drop of M 16 medivm under paraffin oil at 37°Cina
Papmimidified amosphere of 5% l’.l’),l in air.

Construction of mRNA Expression Vectors

The constructs encoding the wildtype AKT (pCIS2-4krf-WT), myristoy-
laed AKT (pCIS2-myr-Akl) and kinase-deficient AKT (plIS2-Akl-KD)
were gifts from Michael J. Quon (National Institutes of Health) [26, 27].

The coding sequences of wildtype AKT (Ak]-WT), kinase-deficient AKT
(AR i-K D), and nyristoylated AKT (myr-Alel) were amplified by PCR using

?‘t pOS-Al]-WT, pCIS2-Alrl-KD, and pCIS2-myr-Al], respectively, as

mplates and introduced the enzyme-incision site of Hisdl I and BamHI into 5°
and 3" end respectively. The products were cloned into the mEN A expression
ector peDNA3. Iimye-Hiz B (Invitrogen) and named peDNAZ. |-ARI-WT,
@cDNM.IﬁAH-KD. and peDMNAZ. |-myr-Akrl. The pBSK-CdcZ5h-WT was
subcloned into peDMA3. fmyc-His B using Kpnl and BamHI. The recombinant
was called peDNA3-Cde 255-WT.
r_] A Site-Directed Mutagenesis Kit { Stratagens) was used to mutate Serd5l o
P

nonphosphorylatable alanine of CDC2SB, and this mutant was called
eDMN A3 1-Cade2Th-5351A.
All the above recombinant plasmids were sequenced to verify e cormect
gene insention and successful mutation and were used as templates for in vitno
transcription.

L

In Vitro Transcription

All the constructs in peDNAZ. Ifmye-His B were cut singly with A gel and
anscribed in vitro into 5'-capped mRMNA for microinjection by using the
%MESSAGE mMACHINE kit (Ambion). The in viro-synthesized mRNA was
dissalved in nucleasefree § mM Tris and 0.5 mM EDTA (TE; pH 7.4). We
determined mRNA yield by measuring absorbance at 260 nm and by canying

out modifiod nondenaturing gels loaded with RNA.

mRNA Micrainjection and Observation of the Mouse
Embryos

. Warious mRNA were injected into one-cell stage embryos at G2 phase
[:lsin_q a micropipete and Eppendorf TransferMan mani pulstors mounted on an
M Olympus 1X-70 inverted microscope with DIC optics. Eggs were placed in a
drop of M2 medium under paraffin oil in the lid of a 3-cm Falcon culre dish.
Typical injection volume was 5% of total cell volume or 10 pl per ege.
Messenger RNA was diluted to various concentrations in TE buffer (pH 740
without nuclease contaminant. Eggs in control groups were cither not
microinjected or micminjecied with TE buffer. The percentages of cell division

and cell survival were counted under a dissecting microscope 30 h and 35 h
after injection of hOG, md the results were analyzod statistically.

Assay of MPF Activity

MPF kin ase activity was measured using histone H1 kinase assay [28]. Five
eggs cultured in M16 medivm were collected, washed in collection buffer {PBS
containing | mg/ml polyvinyl alechel, 5 mM EDTA, 10 mM Na, VM, and 10
mM NaF), and then wansfemred to an Eppendorf tube containing 5 pl of the
collection buffer. The Eppendorf tube was immediately stored at —70°C until
the kinase assay was performed.

The frozen eggs were thawed and subjpected to freezing and thawing three
times. A total of 25 pl of MPF buffer (54 mM [-glycemophosphate, 14.5 mM p-
nitrophenyl phosphate, 24 mM 34N -monphol ino)-propanesulfonic acid [MOFPS;
pH 721, 14.5 mM MgCL, 14.5 mM ethylencglyoolerancetic acid, 0.12 mM
EDTA, | mM dithiothreitol [DTT], 2.4 uM PKA inhibitor peptide [PKI], 75
mM genisiein [a tyrosine kinase inhibitor], 10 pM ML-9 [a myosin light chain
kinase inhibitor], | mgfml hisione HI [type M=), and | mg/L ecach of
leupeptin, sprofoniy, pepstatin, chymosatin, and trypsin-chymotry psin inhib-
itor) was then added o the disrupted cell. The histone HI kinase reaction was
started by adding 25 pl of 20 pCifm] [y- "'!P]ATP imcubated at 30°C for 10 min.
Then 25-pl aliguots were spottod on Whatman pB1 paper, and the reaction was
stopped with 5% HyPO, solution. After thorough washing, the radicactivity on
the filter paper was counted with a BECKMAN scintillation counter,

A parallel incubation was ‘ormed to confirm the phosphorylation of
histone H1. Protein exract from 10 oocytes was incubated with 50 pl of MPF
buffer contsining S0 pCifml [v-PIATP at 37°C for 30 min, and the reaction
was siopped by adding an equal amount of 2% SDS buffer. The rca:e'r‘m was
then mesolved on a1 SDS-PAGE gel, and the incorporation of P indo
histone HI was visualized by awioradiography.

Assay of PKB Activity

Ten eggs cultured in MI6 medium were collecied and lysed as described
abmc and assayed for 30 min at reom emperature in AKT reaction buffer
e i mM Hepes (pH 7.5), 10 mM MgCL, | mM DTT, | M PKL 40
nCijml *PIATP, and 02 mgml histone HIB used a5 substrate. AKT
activity was also determined by scintillation counting and sutoradiography, as
in the MPF activity assay.

Woestern Blotting

Protein extracts of mouse fertilized eggs were preparsd by adding
approximakely 150 cggs in a minimal volume of collection medium to 20 pl
of proein extraction buffer (100 mM NaCl, 20 mM Tris-HCL [pH 7.5], 0
Triten X-100, 0.5% NP-40) containing 1 mM phenylmethylsulfony] flucrid
and | pgiml leupeptin and pepstatin, Laemmli sample buffer was added to the
protein extracts, and the mixtwre was boiled for 5 min and resolved on a 12%
SDE-PAGE gel. For immunohlotting, the fractonated proteins were transfermod
to a nitrocellulose membrane. The membrane was blocked with 3% BSA in
Tris-buffered saline containing 0.05% Tween 20 and probed with primary
antiboddies in a scaled plastic bag at 4°C ovemight. The primary antbody
against pTyrl5 of CDC2A or CCNE | (Santa Cruz Biotec hnology) was used at
1 ADD ditution, or the anti-MYC antibody (Invitrogen) used at 1 1000 dilution.

The membrane was then incubated with alkaline phosphatase-conjugated
anti-mouse IgG secondary antibody at 13000 {Beijing Fhongshan Bisech-
nology). The proteins were detecied by using O-dianidine and [-naphthy] acid
phosphate as the substrates of alkaline phosphatase.

Statistical Analysis

One-way analysis of variance or Stwdent rtest was used to evaluake the
difference between groups, and differences at P << Q.05 were considered to be
significant. PSS software was used to perform statistical analyses.

RESULTS

AKT mRNA Microinjection Interferes with Cell Division of
One-Cell Stage Mouse Fertilized Fggs

To test whether AKT kinase activity and the membrane
eting are involved in the mitotic cell cycle of fertilized
eggs, three AKT constructs encoding Akt] -WT, myr-Adf, and
Akl KD were used in our experiment. In the myr-Akt/
construet, the AKT coding region is fused to a myristoy lation
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TESTICULAR LIPIDS IN CRYPTORCHIDISM

enzymes involved in the synthesis of seminolipid or of its
immediate precursor result in impaired spermatogenesis [45,
46]. Cerebroside sulfotransferase (CST)null mice, generated
by gene targeting, have been used to show that the same
enzyme is involved in the synthesis of both brain sulfoga
l.n lmy lceramide and testicular seminolipid [46]. Cst(—/—)

> lack the former lipid in the brain and the latter lipid in the
lt‘sm Notably, whereas Cst(—/~) mice of both sexes show
neurological abnormalities, only the males are infertile due to a
block in spermatogenesis before the first meiotic division [46],
which underlines the essential nature of seminolipid in normal
spermatogenesis. In the present study, the fact that cryptor
chidism induced the total loss of this 16:0-rich lipid from adult
rats within 10 days correlates with the drastic loss of PUFA
rich GPL and VLCPUFA-richgSM and supports our interpre
tation that the latter, as seminolipids, were originally
components of germ cells.

Along with saturated, monoenoic and dienoic fany acids,
the TG (TAG and alkyl-DAG) of rat testis initially contained
PUFA of the n6 series, particularly tetraenes with 20-28
carbon atoms and pentaenes with 22-32 carbon atoms. The
main PUFA in both lipids were 22:5n-6, 24:4n-6, and 24:5n-6,
dl three being particularly high in akyl-DAG. as shown
previously [25]. Cryptorchidia caused a marked increased in
the content and a change in the fatty acid composition of both
neutral lipids, mainly evidenced by the accumulation of 22:5n
6. Previous work with rat seminiferous tubules has shown that
[C]24:4n-6 is actively desaturated to ["'C]24:5n-6, and that
both forms are actively esterified to TG, phichsugpest that
these lipids rich in 24-C VLCPUFA may function as a dynamic
chemical repository of PUFA [47]. Through chain shortening
or ‘retro-conversion,” 24:4n-6 and 24:5n-6 could be convenient
and readily available sources of the major PUFA of the germ
cell GPL 20:4n-6 and 22:5n-6. This hypothesis is supported by
the fact that dietary modifications in the n-2:n-6 PUFA ratio
arising from fish oil-rich diets result in relative deficiencies in
n-6 fatty acids in mouse tissues and plasma [25]. This type of
dietary pressure induced drastic depletion of both neutral
glycerolipids and their n-6 PUFA from the testes, whereas the
GPL retained their n-6 PUFA-rich pattern. Taken together,
these observations support the idea that under normal
conditions, TG may act as metabolically active donors of
polyunsaturated acyl groups for the biosynthesis of PL, a
markedly active process that is sustained throughout the adult
life of the rat. When this synthesis is imerrupted, as in the
present model, the PUFA of TG are no longer able to play this
role and thus they start to accumulate in these lipids. This
would explain in part the increased amounts of PUF,
22:5n-6, 24d4n6, and 24:5n-6, in the TG. j:kw\.HH—dﬁ
selective accumulation of 22:5n-6 tastesd-ofother PHFA-D the
TG doesnot - et iy ghat these lipidg act as
acceptors of fatty acids that originate frery the breakdown of
pre-existing GPL.

The CE of rat testis, which are shown in the present study to
be rich in 22:5n-6 and VLCPUFA, particularly 28:5n-6 and
30:5n-6, belong to cells located within the seminiferous wbules
[ most probably Sertoli cells. These cells have a higher
ratio of esterified to unesterified cholesterol than do germinal
cells [19]. The fact that the VLCPUFA of adult CE are not
observed in the testicular CE of sexually immature rats [25]
strongly suggests they are involved in functions that appear
after the onset of spermatogenesis. Under normal circumstanc
es, one of these functions could be, as suggested for TG, to act
as a temporiry store of PUFA and VLCPUFA, which—we
precumson-of pobeenol whehaine thus functioning as donors
of PUFA with-a biscynthetio ¢ e 251-The behavior of CE

during 1rypl0r1hidism resembled that of the neutral glycerides,
the massive accumulation of whiely suggests an even more
dlmt l'{.l..\ll()n\hlp with dn .nyl groups of GPL. ln—this

e E T S 1t is possible lh.il under stress

unumsmnws slrml.ar to [h.i[ in [h!. present study, CE gouldact
: to protect the membranes
from the harmful accumulations of GPL
derived fre fatty acids and free cholesterol formed in the
m{mhmms of d)—LnL. cells,
rote-thatas the amount of GPL formerly
associated with the disappearing germ cells of cryptorchid
testis decreased, TG and CE rnich in PUFA tended to
accumulate in the surviving cells, mostly Sertoli cells.
Supporting evidence for the accumulation of neutral lipids in
the latter may be found in the histologic observations presented
by other authors, in which they show lipid droplets in the
Sertoli cell cytoplasm under several pathological conditions
that lead to spermatogenesis arrest [48, 49]. This is consistent
with the fact that damaged or dead germ cells are phagocytosed
by Sertoli cells, which hydrolyze and #—seme—easey reutilize
some of the resulting elements [50-52].

Well-regulated cholesterol ester metabolism is essential for
normal spermatogenesis, as revealed by the phenotype of
hormone sensitive fipase (HSL)-deficient mice [53, 54]. In
these mice, oligospermia is associated with CE accumulation
owing to a complete lack of cholesterol ester hydrolase (CEH),
an activity that is mediated by the te specific isoform of
HSL. Durham and Grogan [55] characterized two isoforms of
CEH in rat testes: a temperature-stable form and a temperature
labile form. The latter is present only in Sertoli cells and its
activity is inhibited by a testicular temperature above 37°C
56]. Interestingly, m 5 [(er of the enzyme displays consider
able substrate spe ity, being less active towards CE with
shorter (C16-18) fatty acids than towards CE with longer fatty
acids (especially one with a very long chain, 24:1) [55]
Exposure of the testes to the abdominal temperature leads to a
rapid inactivation of this thermolabile isoform of the CEH [56,
57]. Moreover, 4 days of cryptorchidism in rats leads to
reductions in HSL activity. as well as in the amounts of HSL
mBENA and protein [58]. The effect of LF)"p[(][thdlSlTl on this
enzyme may explain the rapid increases in the amounts and
concentrations of testicular CE observed in the present study.

The marked increase of testicular CE observed in cryptor
chidism involved a moderate increase in its VLCPUFA
- i dramatic and persistent increment in its
22:5n-6 and 20:dn-6. If VLCPUFA are precursors of PUFA
after CE hydrolysis via chain shortening, they may accumulate
in CE because they are no longer reguired. Since 22:5n-6,
followed by 20:4n-6, were the PUFA that decreased the most in
GPL. they could have accumulated in the CE gs a way of
protecting the surviving cells and/or preserving the polyenoic
acyl chains. Since the accumulation of CE results either from
the inhibition of CE hydrolase or from the stimulation of CE
esterase activities, the dual behavior of the main VLCPUFA
and PUFA of CE in the eryptorchid rat testis suggests that both

systeme are active in thic 10 day period. These possibilities are

The cryptorchid model, which represents an experimental
sitwation that induces selective death of germ cells and survivi
of somatic cells (accumulating the neutral lipids TG and EC),
allows discrimination of the main lipids of the major groups of
cells in the rat seminiferous epithelium. Whereas 22:5n-6-rich
glycerophospholipids and VLCPUFA-rich tphm&eh-p{d-» as
the 16:0-rich seminolipids, are tied to the fate of germ cells, the
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testes, Le., PL depletion and CE accumulation, which lend
support to the present conclusions. Cryptorchidism resulted in
the fastest cellular and lipid biochemical changes (days as
opposed to weeks). Pne important difference is that spermato-
gonia are preserved for some time In cryptorchidism, while E
they are damaged irreversibly and rapidly die in the other two
models. It cryptorchidism is not corrected, the three situations
have in common that\ they eventually lead to testicular
involution and atrophyv™ It cryptorchidism 1s treated with
adequate and rapid surgical correction, the surviving sper-
matogonia are potentially able to reinitiate spermatogenesis,
and the testis may be eventually repopulated by spermatogenic
cells. Although it may be predicted that the changes observed

in the present study for testicular lipids are potentially _/”H
reversible if the cryptorchid testis is replaced into its normal PZKE
position, this 1s ditficult to assess experimentally, as it would /_/Z
require further surgical manipulation of the animals. Since the d
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A T A Ay T T A AR T TN AT T T A A T T
CCCAGCACCTCGACGTTCT-3'; for Gpx3 (NM_022525), 5'-TTGAACT-
GAATGCACTACAAGAAGAA-3, 5-TTGGCCCATTCGGCCTGGTC-3,
and 5 -TGCAAGGGAAGCCCAGAA-3"; for Csr§ (NM_019258), 5'-AVAA-
GACACTCCATGCCACACT-3, 5 TGCGGGAGATCTGAACATCA-3',
and 5'-CAGATCACAGACCGCATGGAATACCACA-3" for Defbl
(NM_031810), 5-TCTTGGACGCAGAACAGATCA-3". 5'-CAGCTGGA-
GCGGAGACAGA-3', and 3-TACCGATGCCTCCAAAATGGAGG-3; for
SrdSal (NM_017070), 3"-CTTGACCCAGTTTGCGGTTT-3', S'-TGCTGAA-
GACTGGGTGACCCATCCC-3', and 5-TGCTGAAGACTGGGTGACC-
CATCCC-3": for Pebp! (NM_017236). 5-GGTTACAGCTCTA
GGATGTCTTCCA-3", S“TGATAAGCCCACCCCAAAAG-3', and 5'-
TTTGTCCAGGACCAGGCCCAGTAACA-3" for LenS (NM 024136). 5'-
GAGATTGCCTTTGCCTCCAA-3', 5-CACCATGGCTCCCATCTTCT-3",
and 5-ACACCTGGCTTGGCACACAAGGA-3" and lor Sod!
(NM_017050), 5-CGGATGAAGAGAGGCATGTTG-3', 5-TTGGCCA-
CACCGTCCTTT-3', and 5'-AGACCTGGGCAATGTGGCTGCTG-3".

Real-Time RT-PCR Analyses

Briefly, mRNA from each epididymal segment was analyzed by RT-PCR
using 2.5 ng of total RNA in a final volume of 25 pl that contained 300 nM of the
target-specific PCR primers (Invirogen, Carlsbad, CA), 100 nM f{luorescently-
labeled oligonucleotide probe (Eurogentec, San Diego, CA), and 1>< Quantitect
Probe RT-PCR Mix (Qiagen). Reverse transcription was performed for 30 min
at 48°C, followed by 40 themmal cycles of 30 sec at 94°C and 1 min at 60°C using
the 7900HT Fast Real-Time PCR System (Applied Biosystems). Target mRNA
was normalized to 185 ribosomal RNA, as determined using TAQMAN
Ribosomal RNA Control Reagents (Applied Biosystems).

RESULTS

The segmentation of the proximal caput epididymig of the
rat was evident under epi-illumination (Fig. 1A). EDL reduced
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TACCAGAGA-3. 5-CCAAGGAGGTTCAAGTTGACAGCCCA-3", and 5™~
CCCAGCACCTCGACGTTCT-3": for Gpxd (NM_022525). 5'-TTGAACT-
GAATGCACTACAAGAAGAA-3, S-TTGGCCCATTCGGCCTGGTC-3,
and 5" -TGCAAGGGAAGCCCAGAA-3; for Cst§ (NM_019258), 5'-ACAA-
GACACTCCATGCCACACT-3, 5'"TGCGGGAGATCTGAACATCA-3',
and 5-CAGATCACAGACCGCATGGAATACCACA-3" for Defhl
(NM_031810), 5'-TCTTGGACGCAGAACAGATCA-3'. 5'-CAGCTGGA-
GCGGAGACAGA-3, and 5-TACCGATGCCTCCAAAATGGAGG-3'; for
SrdSal (NM_017070), 5" -CTTGACCCAGTTTGCGGTTT-3", 5 TGCTGAA-
GACTGGGTGACCCATCCC-3, and 5-TGCTGAAGACTGGGTGACC-
CATCCC-3"; for Pebpl (NM_017236), 5-GGTTACAGCTCTA
GGATGTCTTCCA-3', 5“TGATAAGCCCACCCCAAAAG-3', and §'-
TTTGTCCAGGACCAGGCCCAGTAACA-3"; for Lens (NM_024136), 5'-
GAGATTGCCTTTGCCTCCAA-3,. 5-CACCATGGCTCCCATCTTCT-3,
and 5-ACACCTGGCTTGGCACACAAGGA-3;, and for Sedl
(NM_017050), 5-CGGATGAAGAGAGGCATGTTG-3', 5'-TTGGCCA-
CACCGTCCTTT-3', and 5'-AGACCTGGGCAATGTGGCTGCTG-3'.

Real-Time RT-PCR Analyses

Briefly, mRNA from each epididymal segment was analyzed by RT-PCR
using 2.5 ng of total RNA in a final volume of 25 pl that contained 300 nM of the
target-specific PCR primers (Invitrogen, Carlsbad, CA), 100 nM fluorescently-
labeled oligonucleotide probe (Eurogentec, San Diego, CA), and 1< Quantitect
Probe RT-PCR Mix (Qiagen). Reverse transcription was performed for 30 min
at 48°C, followed by 40 thermal cycles of 30 sec at 94°C and 1 min at 60°C using
the 7900HT Fast Real-Time PCR System (Applied Biosystems). Target mRNA
was normalized to 185 ribosomal RNA, as determined using TAQMAN
Ribosomal RNA Control Reagents (Applied Biosysiems).

RESULTS

The segmentation of the proximal caput epididymidis of the
rat was evident under epi-illumination (Fig. 1A). EDL reduced
the size of the organ and made the appearance of the segment
surfaces more indistinet (Fig. 1B). Segment histology showed
significant reductions in lumen diameter and epithelial height
(Fig. 1. C and D, Table 1). with the most marked changes in
both features occurring in segment | (Table 1). The reductions
in lumen diameter became progressively less severe as the
segments become more distal. even in this very proximal part
of the organ. Epithelial height reduction was also most
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FIG. 2. Western blot apalysis of FGF7 v porcine werine uminal
Nushings. The positions of the prestained molecular mass stapdands are
indicated. Wmmunoeactive FGFT is detected (armows) Tn the ulerine
Ihushings from ovarfectomized pigs roated with P4 = F, (P4F2) or P4+ 7K
(PAZKF2,

the strotal cells unresponsive o P4 (Fig. 4). Theredore, Al
seems [Kely that o progestamedin was not synthesized or
released by stomal cells in response to P2 so as w mediate the
induction of FGF7 mRNA in the LE of the 3/5 pigs that
received both P4 and ZK.

Ovariectamized pigs treated with estradial benzoate.
The absence of P4 to down-regulate PGR and the effect of 1
in incucing PGR resulted m the expression of PGR m the LE
which is considered to have prevented the induction of FGI7
mRNA in the LE by E, (

Ovariectomized pigs weated with progesterone and E,,
Treatment of pres with both P4 and IZ, allowed P4 1o down-
regulate the PGR m the LE and allowed E, w0 induce I'GF7
mRNA expression m the endometrial LE (Fig. 3) Furthermore,
the mnteraction of P4 with PGR m stromal cells probably allows
the mduction of a progestamedin thar acts on the LE w0 mdace
the expression of FGF7 mRNA. Aliernanively, the expression
of FGF7 mRNA may be mduced o this freatment groap
through a combination of these two mechanisms.

Ovariectomized pigs treated with progesterone, ZK, and
£, The acnon of ZK on POGR in stromal cells imhibits. the
production of the patative progestamedin that is necessary for

i

P OPAERZ. PAZK PAZKEZ  E2 ©o

FIG 3. RT-PCR .qlm\ yals of FRST and FSRZ 1RMAS in the endomotiia of
pigs teated with P4, P4 = F, (P4E2), P4 = 7K (P4 and PA7KE2
Dersitometric analyses of ESRT and FSE2 transcripts from the endometria
of pigs in different treatment groups fol lowing PCR aniplitication jeveal
that ESR1 mRNA Is maintained al higher levels than £587 mRNA in all the
traatment grougs
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KA ET AL

the mduction of FGF7 expression m the LE (Fig. 4). Therefore.
m the absence of functional PGR, I, action via ESRI is
constdered to be sufficient for the mduction of FGF7 mRNA
expression in pig endometrinl LE.

DISCUSSION

The mesults of the present study of pig endometrm indicate
that: 1) P4 is permissive for FGFT expression through its action
in down-regulating PGR in LE: 2) P4 stmulates PGR-posiive
uterine stromal cells o release an unidentified progestamedin,
which induces FGF7 expression by the LI 3) the combined
effects of E, and P4 or By, P4, and ZK can Induce FGET due to
the effect uf P4 in down-regulating PGR or the effect of ZK in
blocking PGR funetion and allowmng B, w0 sct on PGR-
negative LE; and 4) L from conceptuses interacts via ESR1 m
LE 1o induce maxmmal expression of FGFT i PGR-negative
LE on Day 12 of pregnancy in pigs. The group that received
both P4 and ologically relevan, with P4
from the CL or the actions of E, from pig
conceptuses during the peri-implantation period. A model that
summarizes the present. working hypothesis for homonal
egulation and the wle of uterine FOF7 during eady pregnancy
in pigs is presented in Figure 5. The mechanism responsible for
the lack of expression of FGIFT by endomemal GE 15 not
known.

P4, which is the hormone of pregnancy in all mammals, is
eritical for the control of the temporal and spanal (cell-specific)
changes i gene expression within the uterus that ensure
synchrony between werine and conceptus (embryo/fetus and
mssociated membruies) development [31]. Indeed. treatment
with exogenous P4 significantly altess the expression of a
mmber of genes in rodent, primate, and sheep uter, as
measured i microarray analyses [32-34]. Although similar
smdies have not been performed in pigs, P4 increases the
expression of calbndm-DYk [35], vascular endothelial growth
factor [36], FGF2 and two of its recepto GIR | and FGFR2
[ 37), and the 24, 45, and 3] integnn receptor subunits [38], as
wellas suppressing the expression of MUCT [38]. Importantly,
P4 increases the expression levels of varous uterine secretory
proteins, components of the histotroph, which is hypothesized
to support conceprus development i pigs [39-4H]). Previous
studies witlt endometrial explant cultures and in vive steroid
replacement experiments bave fuiled 1o demonsirale FGFT
regulanon by P4 m the pig ulenms, simce the investigators
assumed that mereases i FGFT expression dunng the estrus

»

FIG. 4. Interrelationships betws FCFF mRNA, PGR protein, -and
eslmgen receplor a prolein in pig endomeltria, First column: nuclear
localization of ESRT protein in the [uminal spithelia (LE) of carn ol 1€0)
and Ey-teated (E2) pigs, whereas PGR is present in stiomal cells (5T of the
endomelria from pigs in all the weatment groups. A section lrom an E,-
treated pig stained with nonimmmune mouse (86 (G serves as a negative
contiol. The width ol each field is 540 pm. Second colump: puclear

for PGRin the LE GE amrﬂ of endometria from pigs in
all weatment groups. A section from an esiadiol valerate-teated pig
stalned with nonimimune rat IR0 serves as & negative control. The width of
wacly field §s 540 wm, Third apd fourth columms: in situ bybridization
apalysis of FGF? mBNA expression in pig endomatria. The loft and 1ight
panels. tepresent comesponding bright field and dark-fiold images
respectively, of endometria from pigs in each treatment group. A
representalive section from a P4-reated pig hybridized wilh a radiola-
152} serves & a negative control. Note that
R MA is datectable unl\ vt LE, and hat fhe by hridization signal
Is evident only in the endometiia from pigs ireated with P4, P4+ E, (PE2),
apd P4+ ZK + E (PZKE2). Tl width of each field 5 630 pm.
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FIG. 2. Western bl analysis of FOF? i porcine utsrine Tumin:
fushings. The positions of fhe prestained molecular mass stanards ar
indicated. Immunoreactive. FGFT s detected (amows] in the uterin
flushing s from ovariecbmized pigs treated with P4 + £, IPSEZ or P4 + 2
+EiP42KED)

the stromal cells unresponsive to P4 (Fig. 4). Therefore,

seems likely that & progestamedin was not synthesized o
released by stromal cells in response 0 P4 so 4 w0 mediate th
induction of FGF7 mRNA in the LE of the 3/ pige the
received bath P4 and ZK.

Ovanectomized pigs treated with estradiol benzoate
nee of P4 1o down-regulate PGR and the effect of E
in inducing PGR resulted in the expression of PGR in the LE
which is considered to-have prevented the induction of FGF
mRNA in the LE by Fig, 4).

Ovarfectornized pigs treated with progesterone and .
Treamnent of pios with both P4 and E, allowed P4 10 down
regulaie the PGR w the LE and allowed E, o mduce FGF
mRNA expression in the endometrinl LE (Fig, 3). Furthermore
the interaction of P4 with PGR in stromal cells probably allow
the induction of & progestumedin that acts on the LE 1o induc
the expression of FGF7 mRNA. Altematively. the expressio
of FGF7 mRNA may be mduced m this tremrment grow
through a combination of these fwo mechanisms.

Ovariectomized pigs treated with progesterone, ZK, am
E, The action of ZK on PGR in stiomal cells whibits th
production of the putative pogestimedin thal is necessary fi
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FICL 3. RIPCR aralysis of £RS 7 and ESR2 mRINASs in the ends
pigs treates] with P4, P4 + £, PAEZ), P4 + ZK (PAZK), and
Densitometric: analyses of £SRT and ESR franscripts fram the en
of pigs in different treatment groups fallowing PCR i

a0

e

that SR T mBINA is maintzined athigher levels than ESRT mRNA i
treatment groups.

Ilthe s evident amly in the endomatria from pigs frested with £4, #4 + E, (PE2),
and P4+ ZK + £, (PZKE2). The widh of esch field is 650 .
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ve to P4 (Fig. 4). There!
amedin was not synthe
»sponse to P4 5o as to mediate the
in the LE of the 3/5 pigs that

cated with estradiol benzoate.
egulate PGR and the effect of E,
the expression of PGR in the LE,
prevented the induction of FGF7
. 4).

ated with progesterone and F,
P4 and E, allowed P4 to down
and allowed E; w induce FGF7
ymetrial LE (Fig. 3). Furthermaore,
R in stromal cells probably allows
2din that acts on the LE to induce
NA. Alternatively, the expression
induced in this treatment group
»se two mechanisms

sted with progesterone, ZK, and
GR in stromal cells inhibits the
ogestamedin that is necessary for

Western blot analysis of FOGFT n porome utenne  lummnal
fhishings. The positions of the prestained molecular mass standards are
5 detected {arrows) mothe utering
fhehings from ovariectomizd pies treasted with P4 + E, (PSEZ or P4 + 7K
+ E,(P47KER.

P4 P4E2 P42 PAZKEZ E2 co

FIG. 3. RT-PCR analysis of ERS T and ESR2 mENAs in the endometria of
pigs treated with P4, P+ + E, P4E2), P4 + ZK {P4ZK), and P4ZKE2.
Densitometric analyses of ESRT and Esk2 transcripts from the endometria
of pigs in different treatment groups following PCR amplification reveal
that ESR T mRNA s maintzined at higher levels than ESRT mENA in all the
treatment groups.

the induction of FGF7 expression in the LE (Fig. 4). Therefore,
in the absence of functional PGR, E, action via ESRI is
considered to be sufficient for the induction of FGF7 mRNA
expression in pig endometrial LE

DISCUSSION

The results of the present study of pig endometria indicate
that: 1) P4 is permissive for FGFT expression through its action
in down-regulating PGR in LE; 2) P4 stimulates PGR-positive
uterine stromal cells to release an unidentified progestamedin,
which induces FGFT expression by the LE; 3) the combined
effects of E, and P4 or E;, P4, and ZK can induce FGFT due to
the effect of P4 in down-regulating PGR or the effect of ZK in
blocking PGR function and allowing E, to act on PGR
negative LE; and 4) E, from conceptuses interacts via ESR1 in
LE to induce maximal expression of FGFT in PGR negative
LE on Day 12 of pregnancy in pigs. The group that received
both P4 and E, is the most physu)l{)[.ltall) relevant, with P4
from the CL being permissive for the actions of E, from pig
conceptuses during the peri-implantation period, A model that
summarizes the present \wrmnb hypothesis for hormonal
regulation and the role of uterine FGFT during early pregnancy
in pigs is presented in Figure 5. The mechanism responsible for
the lack of expression of FGF7 by endometrial GE is not
known,

P4, which is the hormone of pregnancy in all mammals, is
critical for the control of the temporal and spatial (cell-specific)
changes in gene expression within the werus that ensure
synchrony between uterine and conceptus (embryo/fetus and
associated membranes) development [31]. Indeed, treatment
with exogenous P4 significantly alters the expression of a
number of genes in rodent, primate, and sheep uteri, as
measured in microarray analyses [32-34] Although similar
studies have not been performed in pigs. P4 increases the
expression of calbindin-D9k [35], vascular endothelial growth
factor [36], FGF2 and two of its receptors, FGFR | and FGFR2
[37]. and the w4, a5, and [l integrin receptor subunits [38], as
well as suppressing the expression of MUCT [38], Importantly,
P4 increases the expression levels of various uterine secretory
proteins, components of the histowroph. which is hypothesized
to support conceptus development in pigs [39-41]. Previous
studies with endometrial explant cultures and in vivo steroid
replacement experiments have failed to demonstrate FGF7
regulation by P4 in the pig uterus, since the investigators
assumed that increases in FGFT expression during the estrus

»
»

FG. 4. Interrelationships between FGF7 mRNA, PGR protein, and
estrogen receptor o protein in pig endometria. First column: nuclear
localization of ESR1 protein in the luminal epithelia (LE) of corn oil (C
and E_-treated (E2) pigs, whereas PGR is present in stromal cells (5T) of Yh!
endometria from pigs in all the treatment groups. A section from an E,-
treated pig stained with nonimmune mowe 150G )

control. The width of each field is 540 pm. &
immunostaining for PGR in the LE, GE, and ST of endometria from pigs in
all treatment groups. A section from an estadiol valerate-treated pig
stained with nonimmune rat [g0 serves as a negative control. The width of
each field is 540 pm. Third and fourth columns: in situ hybridization
analysis of FCFT mRNA expression in pig endometria. The left and right
panels represent comesponding bright-field and  dark-field images,
respectively, of endometria from pigs in each trestment group. A
representative section from a P4-treated pig hybridized with a radiola-
beled sense cRNA probe (Sense) serves a5 a negative control. hote that
FCF7 mRNA is detectable only in the LE, and that the hybridization signal
is evident only in the endometria from pigs treated with P4, P& + E; (PEZ),
and P4 + ZK + E, (PZKEZ). The width of each field is 690 um.
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