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Gene expression of the androgen repressed rat TR2 orphan receptor: a
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A full-length rat cDNA clone was obtained from the TR2 orphan
receptor, a member of the steroid receptor superfamily, using
cDNA library screening and 3' RACE-PCR technology. Under
these conditions, only the TR2-11 form of the TR2 orphan
receptor, the major form found in prostate, was identified. The
overall amino acid homology between human and rat TR2-11
orphan receptors was near 90% with one amino acid difference
in the DNA-binding domain sequence. Northern blot analysis
identified muitiple forms of the TR2 orphan receptor mRNAs
expressed in human and rat prostates. Androgens repressed TR2
orphan receptor mRNA levels in human prostate LNCaP cells
and rat ventral prostate. Polyclonal anti-TR2 orphan receptor
antibodies raised from a unique TR2 orphan receptor 20 amino
acid peptide were used to localize the TR2 orphan receptor in
the nuclei of prostate and epididymis epithelium cells. Together,
these data demonstrate that the TR2 orphan receptor can be
expressed at mRNA and protein levels in the human and rat
prostrates and may have some potential function in mediating
androgen action in these tissues.
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Introduction

The discoveries of orphan receptors (Chang & Kokontis.
1988: Giguere et al.. 1988) have expanded our knowledge of
steroid hormone receptors. So tar at least 25 orphan recep-
tors have been identified from various tissues of different
species (Fuller. 1991; Segraves. 1991; Laudet er al., 1992
Chang et al.. 1994). With the identification of 9-cis retinoic
acid for the ligand of RXR orphan receptor (Levin et al.
1992; Mangelsdorf er al.. 1992) and the discoveries that
COUP-TF and RXR orphan receptors could function as an
accessory factor for the other steroid receptors (Kliewer et
al.. 1992a: Leid er al.. 1992), the impact of orphan receptors
has become more significant.

The ¢cDNAs of human TR2 and TR3 orphan receptors
were isolated from the screenmg of human testis and prostate
c¢cDNA libraries tfor androgen receptors using an
oligonucleotide probe homologous to the highly conserved
part of the DNA-binding domain of glucocorticoid receptor
(Chang & Kokontis. 1988: Chang et al.. 1989a.b). The in
vitro translated TR2 orphan receptor did not bind to any
known steroids such as androgens. estrogens. progesierones
and glucocorticoids (Chang et al.. 1989a).

Attempts to idenuty the ligand for TR2 orphan receptor
through the construct of chimeric receptors have revealed
some clues as to how it is activated. For example. the
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chimeric receptor, TR2/AR/TR2 receptor, with the N-
terminal domain and C-terminal putative ligand-binding
domain of the TR2 orphan receptor and DNA-binding
domain of the androgen receptor, is not constitutively active
when expressed in monkey kidney COS-1 and human pros-
tate PC-3 cells. In contrast, another chimeric receptor. TR3/
AR/TR3 receptor. can constitutively activate CAT (with
ARE in promoter region) expression in the absence of any
added factors (Kokontis et al., 1991). Lydon er al. (1992)
also reported that a chimera of TR2 orphan receptor can be
activated in the ligand-independent manner through a signal
transduction pathway initiated at the cell membrane by the
neurotransmitter dopamine.

Together, these data suggest that TR2 orphan receptor
may regulate gene expression by different pathways of activa-
tion. Four TR2 orphan receptors have been isolated from
human testis (TR2-5, 7, 9) and prostate (TR2-11) libraries
(Chang et al.. 1989a). Based on our genomic structure
analysis, TR2-7 orphan receptor may due to an unspliced
exon at right after DNA-binding domain (Chang et al.
unpublished data). For the TR2-5, 9 and 11 orphan recep-
tors, they differ in length of the C-terminal domain: a region
that has been shown for other members of the steroid hor-
mone receptor family to be the ligand-binding domain. In
this report, we determined which of these variants
represented the major form of TR2 orphan receptors in
prostate. Using a RACE-PCR technique and two primers to
amplify all potential 3’ ends of TR2 orphan receptors n
human and rat prostates we obtained only the TR2-11
orphan receptor. However, using human and rat TR2-11
c¢DNAs as probes, we could still detect muitiple TR2 orphan
receptor transcripts in human prostate LNCaP cells and rat
ventral prostate. In addition to identifying the major form of
TR2 orphan receptor in prostate, we also report on its
mRNA level regulation by androgens and on its cellular
localization using antibodies derived from a TR2 orphan
receptor pepude.

Resuits

Cloning and sequencing analysis of the rat TR2-11 orphan
receptor cDNA

Using a 1.7 kb EcoRI DNA fragment encoding the 5" end of
the human TR2-11 orphan receptor as a probe. we isolated a
1.7kb clone from a rat prostate Agt 11 library. Sequence
analysis showed the rat TR2 orpHan receptor 1.7 kb clone
consisted of §-untransiated region of 188 bp and an open
reading frame with extensive homology to human TR2-11
orphan receptor (Figures | and 2).

Using rat prostate RNA and one set of primers (Cl plus
oligo (dT) and C2, 4 common sequence appearing in TR2-5,
9. and 11). we applied a RACE (rapid amplification of
¢DNA ends) -PCR method (Graham ez al.. 1991: Chang e!
ul.. 1994) to clone the missing 3’ end of the rat TR2 orphan
receptor (Figures | and 2). Using this method we only
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Figure 1 Strategy for the cloning of full-length TR2 orphan receptor cDNA. The 1.7 kb.EcoRI DNA fragment encoding the 5’
end of hTR2-11 orphan receptor cDNA was used as a probe to clone the rat 1.7 kb DNA fragment encoding the 5’ end of TR2-11
orphan receptor. Using rat prostate cDNA as template, together with two primers (C2 and C1), a 1.0 kb 3’ end of rat TR2 orphan
receptor was cloned. All individual DNA fragments were then ligated into pSK plasmid for sequencing. DBD: DNA binding

domain

obtained a 1.0kb PCR product. whose size would be
predicted as a product from the rat TR2-11 form of the TR2
orphan receptor cDNA.

Sequence analysis further proved the 1.0 kb RACE-PCR
product covered the entire C terminal portion of rat TR2-11
orphan receptor cDNA (Figure 2). Since our strategy using
RACE-PCR should have allowed us to amplify all potential
TR2 orphan receptor forms with difference at 3’ end. and
only the TR2-11 DNA fragment was amplified. we can infer
that TR2-11 orphan receptor may. theretore, represent the
major form of TR2 orphan receptors in rat prostate.

Each segment of the rat TR2-11 orphan receptor cDNA
clones was then ligated into pSK plasmid to get the full
length rat TR2-11 orphan receptor cDNA. The open reading
frame between the first ATG (nucleotide number 189) and
TGA (nucleotide number 1962) encoded 590 amino acids,
with a calculated molecular weight of 65.5kd for the rat
TR2-11 orphan receptor. In the 3'-untranslated region, a
eukaryotic polyadenylation signal AATAAA was found
between the nucleotide numbers 2271 and 2277 bp in rat
TR2-11 orphan receptor.

Sequence comparison between DNA-binding domains of
human and rat TR2-11 orphan receptors indicated that they
have only one difference in amino acid sequence. This DNA-
binding domain shares 350-60% homology with all other
known steroid receptors. The amino acid sequence homology
at the C-terminal region. a putative ligand-binding domain,
between human and rat TR2-11 orphan receptors is 86%. In
the N-terminal region. about 95% of amino acids are iden-
tical between human and rat TR2-11 orphan receptors. The
overall amino acid sequence homology between human and
rat TR2-11 orphan receptors is 90%.

Multiple species of TR2 orphan receptor mRNA expressed in
the human prostate LNCaP cells and rat veniral prostate

To determine the size of the TR2 orphan receptor mRNA.
Northern blot analysis was carried out with total RNA
isolated from human prostate LNCaP cells and rat prostate.
In LNCaP cells. at least two mRNA bands of approximately
29kb and 2.5kb were detected (Figure 3) it we used a
“p.labeled 1.7 kb EcoR1 DNA tragment encoding the 5" end

of the human TR2-11 orphan receptor cDNA as probe. The
multiple TR2 orphan receptor mRNA bands may explain, at
least partially, our previous human TR2 receptor cDNA
sequencing results (Chang & Kokonits, 1988: Chang et al..
1989a) which suggested four different types of human TR2
orphan receptor cDNAs may exist. In the rat ventral pros-
tate. we could detect a strong 2.4 kb band and a weaker
2.9 kb mRNA band (Figure 3) if we used a *’P-labeled 1.7 kb
EcoRI DNA fragment encoding the 3’ end of the rat TR2-11
orphan receptor cDNA as probe. These results suggest that
human and rat might have multipie TR2 orphan receptor
mRNAs which could be derived from alternative splicing of
single or multiple TR2 orphan receptor genes. Using testis as
100%. our Northern blot analysis also showed the following
relative amounts of TR2 mRNA in other rat tissues:
epididymis, 115%; thyroid, 70%: submaxillary gland, 62%:
lung, 62%: seminal vesicle, 51%: cortex. 47%: liver, 42%:
heart. 39%.

Androgen repression of TR2 orphan receptor mRNA

Northern blot analysis was used to study the androgen
regulation of TR2 orphan receptor mRNA levels in human
prostate LNCaP cells and rat ventral prostate. Totai RNA
was isolated from rat ventral prostate (normal. 3 days castra-
tion. and 3 day castration plus 3 davs DHT injection) or
human LNCaP cells treated with or without 20 nM DHT for
24 h. Northern blot probes of this RNA was hybridized with
the above-mentioned rat (or human) TR2 orphan receptor
¢DNAs. As shown in Figure 3. the TR2 orphan receptor
mRNA level per unit of RNA in rat ventral prostate n-
creased 7-fold after androgen, withdrawal by castration. while
DHT injection reversed this increase to 2-fold of normal. In
human prostate LNCaP cells. DHT could also repress TR2
orphan receptor mRNA to 60% of normal (with 18§ RNA
as control. data not shown).

Production of TR2 orphan receptor poivelonal antibody

A unique peptide containing a 20 amino acid sequence (NH.-
Scr-lle-Arg-L_vs-Asn-Lcu-Vul-Tyr-Ser-Cys-Arg-Gly-Scr-Lys-
Asp-Cvs-lle-le-Asn-Lvs-COOH) in the DNA-binding domain
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and deduced amino acid sequences of rTR2-11 and hTR2-11 orphan receptors. The nucleotide
on the left. The hTR2-11 orphan receptor residues that are
ns. The sequences in the DNA-binding domain of the TR2-11
Figure | were underlined. The EcoRI site that separate §" end
anti-TR2 orphan receptor antibodies

were aiso underimed. Sequence data from this article have been deposited with the EMBL.Genbank Data Libraries under
\ccesston No. L26398 tor rat TR2-11 orphan receptor



\
Gene expression of rat TR2 orphan receptors

R. Ideta er af
= £
= i
= =
= ~ +
c OO0 ~ _
EQL + O
233 EE
222 28
-
o aa 8 oK
=TEE S 5
EEE Z Z
=Eee T =T
Qv o £ £
> »>»> & S
- w e £ E
S &8 & - -
| S S S = o
< 29kb
< 24kb
8
r~
6 _| 100
-75§,
4 4 £
4] g
o ml 8
=ik 50 v
a
2
F2s
OI—_] 0

Figure 3 Androgen repression of TR2 orphan receptor mRNAs.
Total RNA (20 ug) from rat ventral prostate (normal. 3 days castra-
tion. and 3 days castration plus 3 days DHT injection) and human
prostate LNCaP cells treated with or without DHT for 24 h were
isolated. separated by electrophoresis on a 1% agarose gel, transfer-
red to a nylon filter and hybridized with **P-labeled 1.7 Kb 5* end
TR2-11 orphan receptor cDNAs as described in the Materials and
methods. Relative levels of TR2 orphan receptor mRNA suppressed
bv androgens in rat ventral prostate and human prostate LNCaP
cells were quantitated by densitometric scanning

of human and rat TR2 orphan receptors (Figure 2) was
svnthesized to be used as antigen for the production of
polvclonal anti-TR2 orphan receptor antibodies. The positive
serum trom rat was further purified as described in Materials
and methods. and the specificity was contirmed by a double-
antibody precipitation method. As shown by SDS-PAGE
(Figure 4). the in virro transcription:translation of the 70 kd
human TR2-11 orphan receptor could be precipitated by the
puritied antisera. There also appears a very taint immuno-
precipitated band at 48 kd which could be a degradation
product ot TR2-11 orphan receptor. No immunoprecipitated
protein complex could be visualized using sera obtained trom
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Figure 4 SDS-PAGE analysis of antibody precipitated in vitro
transcription translation of TR2-11 orphan receptor. TR2-11 orphan
receptor was in vitro transcribed. translated. reacted with polyclonal
anti-TR2 orphan receptor antibodies and run on SDS-PAGE
system as described in Materials and methods

obtained from the in vitro transcription/transiation of human
androgen receptor (Figure 4).

Immunohistochemical localization of TR2 orphan receptors

Polyclonal anti-TR2 orphan receptor antibody was used to
stain mouse tissue sections to study the inter- and intracel-
lular localization of TR2 orphan receptor protein. Male
accessory reproductive organs such as prostate (Figure Sa
and b) and epididymis (Figure 5c and d) were stained with
the antibody. As with other members of the steroid receptor
superfamily. TR2 orphan receptor protein was located
predominantly in nuclei but not in cytoplasm. In those acces-
sory organs. positive cells were confined to the epithelium
while no stromal cells were positive for staining. The control
sections with antigen-absorbed serum showed no nuclear

staining.

Discussion

Previously. we reported the isolation from prostate and testis
¢DNA libraries (Chang & Kokonits, 1988; Chang er al..
1989a). of four human TR2 orphan receptor cDNAs with
differences in the C-terminal lengths of the putative ligand-
binding domain. To determine the major form of TR2
orphan receptor. we applied the RACE-PCR technique
together with two primers (C1 plus an oligo dT and C2. a
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Figure 5 Immunohistochemical localization of TR2 orphan receptor protein in mouse prostate gland (a and b) and epididymis (c
and d). The positive reactions were found in nuclei of epithelial cells while stromal cells were negative for staining. The control
sections were stained with the antigen-absorbed serum and show no nuclear staining (b and d). E: epithelium: L: lumen: S: stroma:
Bar = 100 um

common sequence appearing in TR2-5, TR2-9 and TR2-11
orphan receptor cDNAs) to amplify TR2 orphan receptor
mRNAs from rat prostate. As shown in Figures 1 and 2. the
only amplified DNA fragment we were able to isolate from
RACE-PCR was the 3’ end of TR2-11 orphan receptor.
These results indicated that TR2-11 orphan receptor was the
major form of identified TR2 orphan receptors in rat pros-
tate.

When a 1.7 kb EcoRI DNA fragment encoding the 5’ end
of human TR2-11 orphan receptor cDNA was used as a
probe in Northern analysis of prostate LNCaP cells. we were
able to get at least two different sizes (2.9 kb and 2.5kb) of
human TR2 orphan receptor mRNA (Figure 3). This sug-
gests an unidentified 2.9 kb torm of TR2 orphan receptor
mRNA exists in human prostate LNCaP cells. Since the
length of all identitied TR2 orphan receptor cDNAs (TR2-5.
7.9 and 11) was less than 2.5 kb and 3’ end DNA fragments
(last 600 bp) of TR2-11 orphan receptor can also hybridize to
this 2.9 kb human TR2 orphan receptor mRNA. We believe
that the 2.9 kb mRNA may represent a 3' variant torm of
TR2 orphan receptor mRNA. Using 3 RACE-PCR tech-
nique. we are in the process of cloning this 2.9 kb TR2
orphan receptor mRNA from human prostate LNCaP
cells.

In summary. our Northern blot data clearly suggests that
multiple species of TR2 orphan receptors can be expressed in
the human prostate LNCaP cells and rat ventral prostate.
The significanct of these multiple torms of TR orphan
receptors In prostate. however. remains unciear.

Multiple species of mRNAs aiso appear in the thyroid
hormone receprtor. another member ot the steroid hormone

receptor superfamily. So far. at least six forms of thyroid
hormone receptors (TR) have been identified: TRal. a2. a3.
B1. B2 and Rev-erb A« (Lazar. 1993). TRa and TR are the
products of different genes. located at human chromosome
17 and 3. respectively. Additional isoforms named by number

are generated from a and B genes by an alternative splicing .

mechanism. In addition. Rev-erb Aa is encoded by the non-
coding (anti-sense) strand of TRa gene. Since TRa2 and 3
cannot bind to thyroid hormones. they may form
heterodimers with other TR isotorms and have dominant
negative etfects on the thyroid hormone functions (Lazar,
1993).

While many steroid hormones can induce their target
geries, we can also find several genes (and their products)
repressed by steroid hormones which regulate cell growth
and function (Chang ez al., 1987). Our Northern blot analysis
in Figure 3 clearly demonstrates that castration can increase

TR2 orphan receptor mRNA levels and the addition of

androgens can reverse this increase in the rat ventral pros-
tate. The resuits from human prostate LNCaP cells further
confirm that androgens can repress the TR2 orphan receptor
mRNA levels. As the physiological role of TR2 orphan
receptor is not clear at this moment. the impact of androgen
repression of TR2 orphan receptor is. therefore. also un-
known.

Nevertheless. repression of TR2 orphan receptor by and-
rogen in prostate provides us an additional important model
10 study the negative mechanism of regulation of gene ex-
pression by androgen in prostate. Whether this negative

regulation mechanism is dependent on a direct interaction of

the androgen-receptor complex with other transcriptional






