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Whereas the knkage of infertllity #§ cryptorchidism, the
ﬁi]mnfﬂmisduiodmduﬁoﬁmmhlmdhﬂhhu
beulwdl the detailed

remains anclear. Heve we repott that the testicular orphan
memmgmm

in the

duced cryptorchidism of the rhesus monkey. l‘nrtherlzud
ies link TR2 repression to the induction of p58 and results
sugpest that induced p53 could repress TR2 expression via
the p53—p21—CDK-»Rb—E2F signal pathway. In return,

been debated because of the lack of known ligands for these
receptors (12). The testicular orphan receptor-2 (TR2)' was
isolated from testes and prostate cDNA libraries and its cDNA
encodes a protein of 603 amino acids with a calculated molec-
ukar mass of 67 kilodaltons (13, 14). The expression of TR2 has
been detected in testes, ventral prostate, seminal vesicles, and
many other tissues. Among thess tissues and organs, the TR2
is most highly expressed in testes. Immunchistochemical stain-
ing has shown that the TR2 was localized specifically in ad-
vanced germ cells in mice (15).

The p53 protein is a tumor suppressor that arrests the cell
eyele in response to DNA demage. The p33 expression in testis
is high and thought to be confined to the tetraploid (4N}

(16). Primary may be

genes. Together, our suggest a feedback control mech-
anizm between TRZ and pS&/Rb tumor suppreseors,
might play & roles in male i
with

With the exception of elephants and whales, most male

pachytene
pnrhcuhrly sensitive to DNA damage because of the active
NA rearrangement events that oerur with meiosis (17). The

pss plays & role in normal differentiation and development,
and this role is strongly supported by the cbeervation that p53
ion at mid is confined {o the differentiation

mammals have a scrotum with the scrotal always
lower than that of the abdomen (1). This decrease of a fow
degress in the scrotum is believed o contribute to an optimal
environment for testes function. Cryptorchidism, the failure of
‘the testes to descend into the scrotum at birth, affects 1% of
ewborn boys in the United States (2) and reports suggest that
the id n.smg (3). The sub infertility

iated with ibuted to testicular su-
praserotal temperature, becase in sEt cooling of abdeminal

region (18). Furthermore, i sitx hybridization analyses of tes-
tes sections of the p&3 promoter-CAT mice, with either a chlor-
amphenicol acetyltransferase (CAT) or p53 probe, demon-
strated 2 domi CAT activity, indicating & cyclical
pattern of p53 expression in the testes of adult mice (19).

‘The retinoblastoma gene product (Rb) is a phosphoprotein,
which can both regulate cell cycle progression and inhibit
apoptosis (20—22). Rb can be regulated through phosphoryla-
tion by cyclt deat kinase (CDK) and when hyperphos-

testes in dogs and pigs results in normal is (4,
5). In mice, spermatogenesis ceased when the testis was dis-
placed surgically into the abdominal cavity and then was Te-
stored when the testis was suxgluﬂy retumed iuu:k into the
scrotum (6). Other clinical temper-
ature, such as varicocele and fever (7) or even high ambient
temperature (8), can also reduce sperm production. Early re-

ports suggested that cryptorchidism could induce apoptosis in
testes (9). However, the detailed mnlsmhr mechanism of in-
fertility associated with cryp! remmm un:lear,

7 o -

phorylated Rb loses its shility to block eellcycle progression.
Upon dephosphorylation, Rb is activated and induces growth
arrest at the (1, phase of the cycle. Interestingly, the Rb activ-
ity can be regulated by p58 through the induction of p21 (23),
which is a p53 target gene and a CDK inhibitor. Increased
levels of p21. result in'an netive, hypophosphorylated Rb that
can mediate G, arrest. Overexpression of p21 can inhibit ap-
optosia (24-26), presumably through blocking Rb phosphoryl-
ation. Hence, the functional status of Rb has some potential
to the cellular outcome of p53-mediated events (27).

Nuclear
factors that regulate gene expresmcn in a wide variety of bio-
logical processes, such as growth, differentiation, and develop-
ment (10, 11). The orphan belong to the nuclear

Interestingly, liks the p53, Rb is also highly expressed in tet-
raploid pachytee spermatoctes (28).
Altho is known to infertility in man

because of di: ion of the exact cellular

receptor superfamily, although their biclogical s has

and molecu.hr mechamam is unclear. Because the biclogical

*“This wark was supported by Nl atona Instittas of Health Grant
DEA1255, the National Natural Sciences Foundation of China Grant
Chinese
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of the rhesus monkey are very
e oot e ‘human, surgically induced cryptorchid-
ism is a reproducible model in which to study spermatogenesis.

! The abbreviations used are: TR2, TR2 testirular orphan receptor;
CDK,

CAT,
qdm-deyendenzhnm P21, p21*+7r); HPV-16, human papilloma-
virus type 1
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23878 Suppression of TR2 via p53/Rb in Rhesus Monkey Testis

To investigate the molecular mechanism of male infertility the 5'flanking region of the TR2 gene, was previously reported (
caused by cryptorchidism, a model of unilateral surgical cryp-  The ¥ type po3 expression plasmid PCS3-SN3 and the ‘mutant p53
T . ‘expression plasmid pC53-SCX-3, gifts of Dr. Bert Vogelstein (Jo
torchidism in the rhesus monkey was employed. In this model, Hopkine Oneclopy Cotns, Batmn by o™y Vogelsten (I
one testis was restored to its predescended pusition in the 130). The plasmids full-length pGEX.Rh, pGEX-Rb large AB pocket,
abdomen, whereas the other testis remained in the SCrotI 83 and pGEX Rb C.pocket we £ifts of Dr. John Ludow (University of
an euthermic model. We report here, for the first time, thatthe  Rochester, Medical Center, Rochester, NY). The plusmids pBlueseript-
high temperature created by the cryptorchidism repressed the  p2l and pDC-E2F1 were generous gifta from Dr. Xi»l’ln‘zhn:m

TR and that this repressive effect may proceed through ] D

; : (Dana-Farber Cancer Institute and Harvard Medical School, Boston,

P83-p21—~CDK—E2F signal pathway. MA), respectively. The plasmids PCDNA-RL, pCDNA-RG
TERIALS AND METH large A/B pocket, and pPCDNA-Rb C pockst were st

A AND ons with BamHI and EcoRl, and the BamHI-EcoRE ts of each

Plaareids and Probes-—pETONTRICAT, s e AT o o Plascaid were then cloned separately into the: BamEl ookl xite of the
fene prometer vectar PCONAS. All plasmids were verified by restriction enzyme anal-

yais and DNA .
The TR2 probe was a 423-base pair fragment upstream of the ActIl

canal on right side prevented the testis decent. The left testis was
P b i u

Fic. 1. Re ot orphan TR2 by surgery-ind serve as en eutbermic control. Both the surgically induced eryporehid
‘Z"’"‘M:"“"“'""""'"""‘"'M""“’w"‘““’"hfb:“}; aad coatral-lateral sham-operated scrotal tests were removed sither 1,
£ : L5, or % months aRer surgery. The testes were decapsulated, snap.
m‘mﬂﬁ,’“w“lmm';“ww‘m frozen ia liquid nitrogen, sad stored at —70 °C for later RNA and
then nylon membrane, The membrans wes p protein ) ) ]
ﬁthm‘?-hheldhmnm—llandmﬁ'@mmu_m Nmnkxwym—rommAyumme_
tion membrane was strij and reh; ith & wmmﬂwn,h&)mﬂhmmw:pﬂr
B-actin gene cDNA probe to serve as an internal control for the normal.  tocl and then purified by guanidine othi CsCl gradient ul-
; ; tracentrifugation as deseribed by Davis et of. (31). Each RiVA samle
(30 ) waa sine-fractionated on 1% agarose, 30% fermaldehyde gels
experiments. and transferred 1o nylon membrane (Nytran, Schleicher & Schucll,

1_month 2_months

pS3
283 protein

P
mRNA 185

YN TS 20408

protein

pactin|
mANA

12 3 4 s

Frc. 2 Induction of pS3 end 321 and hypophosphorylation of Rb in the context of surgery-induced cryptorchidism in the,
monkey. Testis total RNA was prepared as described in Fig. 1, 4, thahulRNAumylquﬁn»d&umtbnindiutedrb-u-mhy!aex
subjected to Northern blot asalysis using a-P-labeled buman pS3 or p21 cDNA fragments, The same hybridizat brazie was stripped and
reby 'dizodwithnﬁ-lcﬁnmar.DNAymbemmnmhmﬂmmlbrtbewdinﬁmdm{LMMhr'dch!mﬂmsbv-nnu
the gel are 18 and 25 S rRNAs. B, protein extracts obtained from the indicated rheaus moakey toptes were resaived by 10% SDS-polyacrylamide
el stectrophoresia and transferred to [mmobilon P mombrane, The membrane represontod in (he upper paned wes Sost Incaboiy w i B
buffer and the incubated with an aati-human p53 palycsional antibody followed by an lkaline phosgnatase sonugerod secondary antibody. The
protein extracts were also i ipitated with either 5 ul of anti-human p21 (middle panel) antibody or 5 ol of anti-hwman Rb
{owser paneD) monoclonal antibody, Lumnanoprecipitates were separated and transferred to mémbranes, and Wosters blot smtiyma o performed
using the same method described for pS3. pp-Rb, hyperphosphorylated (insctive) form of Rb. pRb, hypophospharslated (estoe) for Feoe”




Suppression of TR2 via p53

Inc), Hybridization was carried out for 24 h gt 42 °C in 50% formamide,
5x SSPE (1x SSPE 180.15  NaCl, 0.01 u NaH,PO,, 0.001 4 EDTA (pH
7.4)), 5 Deabardt’s solution (1x Deahiardt's solution is D.02% £coll,

washed sequentially with 0.1% SDS 1 SSC, then 0.1% SDS 0.5x SSC
both at room temperature, and then 0.1% SDS 0.25% SSC at 5 *C(1x
SSC is 0.15 % NaCl plus 0.3 1 sodium citrate), followed by exposure to
Phosphorlmager sereen (Molecular Dynamics).

Immunoprecipitation and Western Blot Analysis—For the immuno-
precipitation of p2L and Rb, mtulmplum with
polytron (SPT 1035, Kinematica, Switzerland), cold homoge-
mumbnn'u(zomﬂmvzscpnu),mmu Kc:,ligiyunl,lm
EDTA, 1 ma di
umn(pmwnnumhxhlknrml mdnxlp-ﬁblw.“c 10 pg/m! leupeptin,

0 g/l pepstain, (Rache,

, at 4 °C for 15 min. The

500 g of proteis was incubated with primary antitedy, sither
ingin) for p21 or 14001A (Pharmingin) Rb, at4°C for2 b
before the addition (Santa ). The

‘beads were coliected after snother 2:h incubation & 4 *C. After being
washed four times with lysis buffer, the bound antigens were resus.

pended in Lacmnli sampls buffer (62.5 mat Tris-HC! (pH 6.), 2% SDS,
lo%nyml,ﬁﬁa»mmpmer.hmnl,um bromphencl blue), sepa-
rated vi Tmmu

mhdnanmhnuﬂlﬂhwe).ludmbywmhmmg
obtained fram

probed ibody sc-6243 (Santa Cruz)
membranes containing proten from the p21 and Kb immuroprecipita-
tion procedures were also subjected 1o Western blot analysis and probed
with sntibodies to either p21 or Rb as appropriate. The membranes
were blocked in TBST (20 mu Tris-C1 (pH 7.6), 137 mu NaCl, 0.1%
Tween 20 containing 5% nonfat dry milk) for 2 b at roum temperature
or 4 °C overnight. Primary antibodies in TBST were added for binding
at room temperature for 2 h, and then the appropriate alkaline phos-
phatase-conjugated secondary antibodies (Santa Craz) in TBST were
added axd incubated for 2 h at room temperature. mem-
branes were washed three times in TBST (10~15 min at roum temper-
ature), and immunoblots were developed with an alkaline
-ub-n-m kit mmm, 170-6342) nccarding ta the manufacturer’s

N u,sndzm.. Analysis—Testis samples were fixed in
Bouins's salution and embedded in paraffin. Six-micrometer sections
were then mounted on gelatin-coated slides. The seetions were depar.
affinézed, rehydrated, treated with 0.2 4 HCI for 25 min, 0.3% Tritan for
16 min, and pretreated with proteinsse K (10 ug/ml) for 30 min 2t 37 °C.
Sections were postfixed in 4% in phoephate-buffered
saline for 5 min and acetylated for 10 min in 0.1 K triethanolamine
containing 0.25% acetic anhydride. Sabecquently. the sections mere
zed at 42 °C for 2 b in buffer (4X S8C, 50%
formamide, 16 my Tris-HCI (pH 7.5), L myinl yeast (RNA, 1 mgiol
salmon sperm DNA, 2x Denhardt’s, 10% destran sulfate), Then the
mmmmhh&m&mhmnmdmuwﬂApmbum
prehybridization buffer at 48 *C for 18 h and then washed

/Rb in Rhesus Monkey Testis
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Fio. 3. Wild type p53 cally represses TR2 axpreasion in H1209
(4) and MCF-7 (B) cells, 'hll! muunl p53 (E) induces TRZ expression.

e Tepression of wild type p53 on TRZ expression in the Rb-
positive tzilhnel’cs(c)udnmbc, whereas the repression effect in
Rb defective SAGS-2 cells is marginal (D). A—D, doseresponse effects
of wild and mutant p53 levels on the activation of p2709TR2CAT.
P2709TRCAT was h‘mmntly transfected into p53 null HI299 cells,

mutznt -5 {laae 3) was tran-
siently into H1299 cells. Cell extracts were prepared, and
CAT activity was assayed as ibed under “Material .

Results were quantitated with a Phosphorimager and displayed
terms of relative CAT activity. The values are the mean + .. from at
three §

with 2x SSC, 1x SSC, 0.1x $SC (2X 15 min in ench concentration).

The detection of Dig-labeled probes was carried out using alkaline.

phosphatase-conjugated anti-Dig Fab (Roche, 1093274), as well as &

it of rom-8 o .l hospiate and ity bt
‘Roche) accarding to the manafachure’s i

sexum, penicillia €100 unite/ml), streplomycin (100 ggfmi), and ampho-
umn(ﬂlsudml)(&mnhzs'?‘(!mﬂco,huh ‘before trans-
fection, Cells were transfected with a tatal of 11-ug plasmid DNA

0
before harvesting. Cells were then lysed in 250 mx 'nmucl (pH 7.8)by
subjection to three freezs-thaw cycles, and the remlting supernatants
were assayed for CAT activity. The resction product was extracted with
ezhyl acetate (Mallinckrodt Specialty Chemicals Cm) then applied toa

plate (TLC, Sigma), and developed in a 95%

chloroorm, 5% metuanol saivent. The CAT setrey was quantated by

ImageQuant seftware (Molecular Dynamics In
RESULTS
The of TR2 and Ind of p53 in

Induced Cryptorchid Testis Tissue from the Rhesus Mon-
key~—To study the potential physiological roles of the TR2 in its
major target, the testis, the total RNA from the surgery-in-
duced eryptorchid testis versus sham-operated contralateral
scrotal testis, within the same rhesus monkey, was isolated
and asssayed for TR2 expression. Northern blot analysis shawed
unexpected results with the TR2 highly expressed in sham-
operated contralateral scrotal testis but completely repressed
in the undescended testis (Fig. 1, upper paned). In contrast, the
expression of ancther testicular orphan receptor, TR3, isolated
from the prostate and testes (33-35) was oot significantly dif-
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ferent between the aryptorchid and sham-operated contralat-
eral scrotal testis (Fig. 1, middle panel). The contrasting ex-
pression patterns between TR2 and TR3 suggest that the

receptor did not change significantly or slightly increased, and
the expression level of TR4 decressed but was not completely
inhibited in cryptorchid testis compared with contralatersl
sham-operated testis (data not shown). No change or a slight
increase of androgen receptor expression level in cryptorchid
testis rules out the possibility of any androgen inactivation in
the model. Because TR4 is closely related to TR2, the decrease
of TRA expression level is expectant. We then analyzed the p53
expression in cryptorchid testis. Northern blot and Western
blot analyses shawed that the expression of p53 was induced
significantly, st both the mRNA (Fig. 24, upper panel) and
protein levels (Fig. 2B, upper panel) in cryptorchid testis, as
compared with the sham-operated contralateral scrotal testis.
Suppression of TR via p53—p2l—»CDK—Rb Signal Path-
way—One possible explain jon of TRZ

olomoutiniuM)

Suppression of TR via p53/Rb in Rhesus Monkey Testis
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the TR2 promoter (p2709TR2CAT) preventing direct
ing (36}, indi ion of TR2 via & p53-rel
pathway is likely.

‘We then tested the potential linkage of TR2
cryptorchid testis to the p53—p21—CDK—Rb si pat
way. The same Northern blot membrane that showed the p53
induction and repression of TR in cryptorchid testis was re-
probed with a p21 cDNA fragment. As shown in Fig. 24, middle
panel, the p21 mRNA was induced in cryptorchid testis as
compared with the sham-operated contralateral scrotal testis.
Western blot analysis farther confirmed that the p21 protein
expression was also induced in cryptorchid testis as compazed
with the sham-operated contralateral acrotal testis (Fig. 28,
middle panel). The immunoprecipitation and Western biot
analysis showed that the active hypophosphorylated Rb form
was significantly increased in cryptorchid testis as compared
with the sham-operated contralateral scrotal testis (Fig. 28,
lower panel). Together, data in Fig. 2 are consistent with the
hypothesis that p53 may proceed through the pS3—p21—
CDE—Rb signaling pathway to repress TR2 expression in

following p53 induction in eryptorchid testis is that p53 can
repress TR expression. To test this hypothesis, a plasmid with
the TR2 promoter linked to a CAT reporter, p27091R2CAT,
was cotransfected with wild-type pS3 expression plasmid
pC53SNS in various cell lines. The resnits showed that coex-

We then uaed the CDX uﬂnbltnr, olomouun, to support our

i the TR2 testia may

involve the psa-.pzwcnx—»kb lgnxl\ng pathway. As
shown in Fig. 44, the expression of TR2 in p53 null H1209 cells
was repn-_ssed by the addition of 150-250 wu olomoudia in a
d ing that CDK activity, and

pression of wild-type p53 can repress TR2 in both of
the p53 null cell lines, 1299 (Fig. 24) and MCF-7 (Fig. 48), as
well as in the Rb—posxuve prostate cancer PC-3 cells (Fig. 8C).

In contrast, ion of mutant p53 ion plasmid

manrer,
thus Rb phosphorylation (37), is necessary for derepression of

(pC53-8CX8) enhances the p2709TR2CAT activity (Fig. 35).
Coexpression of wild-type p53 in the Rb-defective SADS-2 cells,
however, causes only marginal repression of TR2 (Fig. D),
suggesting the p53 may repress TR2 expression via the Rb
signal pathway. As there is a lack of p53 responise elements in

epression of TR2 by RE—To fusther strengthen
our h is that the jon of TRZ jon may
function through the p53—pZ1—~CDE—Rb signaling pathway,
we co-transfected Rb and p2708TRICAT into COS-1 cells. As
shown in Fig. 4B, Rb repressed TR2 expression in a dose-de-
pendent manner. Similar results also ocrurred when we re-

-4-



Suppression of TR via p53/Rb in Rhesus Monkey Testis

placed COS-1 cells with PC-3 cells (Fig. 4C).

It has been well documented that Rb contains several dis-
tinct domains that sre able to bind to different proteins for
‘various functions. For example, 1) the A/B pocket binds to other
proteins with a LXCXE motif, 2) the C pocket binds to the
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Fic. 5. E2F specifically induces TR2 expression and the re-
pm-innofmhypﬂlndlu:mbemcmdbym-lsm
andE7.A, E2F1 induces TR2 expression, he i ion effe be
reduced by Rb. was transiently transfected into COS.1
¢ells, without lane 1) or with E2F1 expression plasmid pDC-E2F1, 1
{lanes 2 20 6), 2 (lanes 3 and 7), 4 (lanes £ and 8), or 8 ug tarwe &0, Fome
#g of PSG5-Rb were also transfected in lanes 6-3. B, HPV-16 E7 can
Teverse the repression of TR2 expression by Rb, p27 T was
fransiently transfected into COS-1 cells, without (lane 1) or with vary-
Ing soncentrations of PSG5-Rh (anes 2-7); 4 pg of HEV-16 By expres

gion plasmid p1302 were <co-transfected in lares 5-7. C and D, HPV-16
126/7 or ET alone can patisly reverse the repression of TRZ cxprensios
by pS3 p2TOYTRICAT was transiently transfected into H1299 oele (o
o MCF-T cells (D), without Uanes 1, 8, and 12) or with varying
Suncentrations of wild-type pS3 expression plasmid pC53-SNS (lamer

i transfected

Fic. 6, Localization of TR2 mRNA
in the rhesus monkey testis by in situ
‘hybridization. Testis sections from nor-
mal rhesus monkey were subjected to in
situ hybridization, The izati

in
les. C, pri-
mmary spermatocytes with positive signals,
D, no signal can be detected wi
TR2 cRNA probe. Magnification: 4,
*1000; B, x400; and C and D, 200

23881

C-Abl tyrosine kinase, and 3) the large A/B pocket binds to the
E2F family of transcription factors (for detailed map, see Fig.
4D). These three domains, es well as the full-length Rb, were
ligated into pCDNA3 expression vectors and then separately
co-tranafected with p2709TR2CAT into COS-1 cells. As shown
in Fig. 4E, both the fulllength Rb and Rb with large AB
domain can repress the TR2 expression in & d. t
mmnzr.lnmmg&e”pwkﬁmdcmketdkhw
ouly marginal effects ofs the repressiou of TR2 expression,
,mmmcmemmmmwmmmwmm
transcriptional factor, is required for Rb to repress TR2
expression.

Induction of TR2 Espression by E2F1—Co-transfection of
E2F1 expreasion plasmid pDC-E2F1 with the p2709TR2CAT
into COS-1 cells demonstrated that E2F1 could induce TRZ

it induction, suggesting that
theinumcﬁonoszF.ndeilinvnlved in the regulation of
TR2 expression. Iti:polsibhﬂntﬁ'aeﬁl’unindmm
expression, but the presence of Rb may titrate out this free E2F
and therefore repress the induction of E2F-mediated TR2
expression.

Feedback Control of TR2 Expression by E6/E7—It is known
that the human papillomavirus type 16 (HPV-16) gene prod-
ucts EGde7mﬂurthauﬂtyde,mdthemhnﬂbeen
shown to induce the HPV-16 expression via binding to a TR2

region of HPV-16% We also demonstrated that the FPV.18
geae products EG/E7 could regulate TR2 expression presum.
ably through modulation of p53 and Rb expression or fimetion,
E6 fanctions to bind and degrade p53, whereas E7 can bind and
inactivate Rb (39). To determine if p53- and Rb-mediated re.
pression of TR2 expression could be reversed by the addition of
E6 or E, three EG/E7 expression plasmids wars utlized The
plasmid pL304 effecively expresses E7 40, the plasmid p1321
effectively expresses E6 and EY. The plasmid pl434 is ideatical
to pLa21 except that it contains n translation termination
linker in the middle of E6 and therefore only effectively en.
presses E7 (41). As shown in Fig, 5B, co-transfection of p1304
can completely reverse the Rb repression effect on TR expres.
sion in COS-1 cells. In H1299 cells and MCF7 cells, we deny.
onstrated that bath p1321 and p1434 repress TRZ expression
(Fig. 5, C and D, lanes § and 12, respectively). When theoe

* C.Chang,D,Lh'n.L(‘nﬂim.lndl~M_Mu.mnumptm
Ppreparation.
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The Linkage Between Cryptorchidism and Repression of TR2

Teceptar;
HBV, buman bepatitis B virus.

oNTF

Sigral
Pathweay

EG/E7 expression plasmids were co-transfocted with wild type
p53 expressian plasmid pC53-SCN3, E6 and E7 together (Fig.
5, C and D, lanes 5-7 versus lanes 2-4) or ET alone (Fig. 5, C
and D, [anes 9-11 versus lones 2—4) could signifieantly reverse
the p53 repression effect on TR2 expression. Therefore, our
data demmmau & feedback control mchamm t.!mt can fur-
ther of TRZ
expression umﬂuenmdbymm ofp&nnde(Plgﬂ)

In Sl.ml.oeallaamnnfm in RheuuMunlle_v Testis—As p53

ed

p53

cryptrotchidism

{increased tastls
temperature)

o, ~p21—= »coK
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receptor (48), cliary neurotophic factor receptor (49), hista-
mine H1 receptor (50}, and human erythropoietin expression
(51), as well as the expression of many viruses, such as human
hepatitis B virus (52) and SV40 (53). It is lilzely that the TR2
pubfamily may play very important roles via control of these
signal pathways in the process of spermatogenesis. We demon-
strated here that the TR2 was repreased by the higher temper-
ature of the testis in the cryptorchid state, which may repre-
sent the first molecular linkage between cryptorchidism and

the pachytene phueofmelm (16), the TR2 localization in t.he
same srea would prwide further evidence that the TR2 repres-
sion in eryptorchid testis could be mediated through the p53
signal pnhwny Using the Dig-labeled antisense TR2 cRNA
pmbe ourin situ hybnduxhnn data showed that ’I'RZ mRNA is

in primary 'ig. 6C), the
eelltypeoﬂemseelhmm:ennhvemhxghﬁempemm an.
Within the

Higher testis created by could
tnduce p53-mediated apoptosis in testis (54). Early reports
suggested that p53-mediated apoptosis in testis could be #
result of unrepairable DNA damage induced by high tempera-
tures, which provides a protestive mechanism in the human
and in other species for the avoidance of propagation of dam-
uged DNA. The direct linkage between p53-mediated apoptosis

mechanisms

primary
spm;wymwmeh@utmmAupmmx
6, A aad B). Similar TR2 and pS3 expression patterns in the
primary spermatocytes therefore provide indirect
hutlmgwdennernpporhnzwrhypmhemthnm could
repress TR2 expression in eryptorchid testis.
DISCUSSION
Spemutog:ms sa eomplmlwd process of germ cell differ-
eatiation, i
stage-specific genen in diverse cell types (15 17, 42). It is
possible that di of
results from the repreuwnofsamessenhﬂgenum specific
cell types or differsntiation stages (43). The TRZ is highly
expressed in testis and specifically Jocalized in germ cells (15).
Earlier reports also demonstrated that the TR2 is a master
regulator that controls many sigoaling pathways, such as the
retinoids RAR/RXR (44—48), thyroid receptor (47), vitamin D

hid testis and male infertility and the
bdnndmeﬁalofcryptnrdndumnhwdmfauhtymlawn
ing of the testis temperature remain unclear (4, 5). Perhaps p563
could mediate other nonapoptotic signal pathways that play
essential roles in spermatogenesis.

Both p53 snd Rb play iraportant roles in controlling o:ll~cycl=
and epoptosis.
testes, the p53 expression level is unusually high eompam]
with other tissues, and mice with reduced levela of the p53
protein exhibit the esticular giant. cell degenerative syndrome
(66). Mice deficient in p53 are susceptible to spontaneous tu-
mors (56). Cells lacking the p63 fail to arrest in response to a
wide variety of DNA-dzmaging agents (57, 58). Mouse embryos
without functional Rb fail ta survive pest embryonic stages,
dying by gestation day 14.5 with defects in erythroid and neu-
ronal development (59-61). Moreover, Rb has been shown to be
involved in the differentiation of several cell types, including
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myoblasts, monocytes, and adipocytes (62-64). The feedback
control between p53/Rb and TR2 in cryptorchidism may further
strengthen the findings that p5¥Rb and TR2 play important
roles in the germ cell development and differentiation.
Combining our in situ hybridization data and earlier reparts,
we conclude that the TR2, p53, and Rb are all expressed in
pachytene primary spermatocytes. Pachytene prum.ry sper-
matocytes are of the cell type undergumg meiosis, which is an
step in the , as pri-
mary spermatocytes and round lpermlhdl are the germ cell
most gensitive to heat injury (17) and the most fre-
quently observed apoptotic cells in the experimentally induced
cryptorchid mouse testis (38), it nuy be reasonable to hypoth-
esize that primary spermatocytes need to maintain high levels
of p53 for the control of DNA qu;hty drmng the premeiotic
period. Higher may
therefore increase p53 expusmn md npress TR2 expression.
Maie infertility may be the consequence of these changes, in an
attempt to avoid damaged DNA replication transmission.
By combining the data from the rhesus monkey model with
that from multiple cell lines, we dnxtufnd that higher
created by i represses TR2
exprusmn We also determined that this TR2 repression was
mediated by the activities of p53 and Rh and that the mecha-
nism was primarily through the p53—p21-+ CDK— Rb— E2F
signaling pathway (Fig. 7). Although we do not rule out the
possibility that other pathways or components within the
p53—p21—+Rb-+CDK—EZF pathway may also play roles in
“modulating the expression of TR, our data strongly indicate
that p53 mdﬂbphylngmﬁmtnndwntnl role in the
repression of TR2 in the context of eryptarchidism.
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