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Human TR3 orphan receptor is a member of the ste-
roid/thyroid hormone receptor superfamily and is the
human homologue of the proteins encoded by the rat
NGFI-B and mouse nur77 genes. These genes are in-
duced rapidly by androgens/growth factors and may
have functions related to cell proliferation, differentia-
tion, and apoptosis. To investigate the TR3 orphan re-
ceptor gene transcriptional regulation, a 2.3-kilobase
genomic DNA fragment containing the TR3 orphan re-
ceptor gene promoter region was isolated, sequenced,
and characterized. Sequence homology search within
this promoter region revealed some potential cis-acting
elements such as cAMP response element, interleukin-6
response element, estrogen response element, and GC
box. Deletion analysis and chloramphenicol acetyltrans-
ferase assay also showed a novel cis-acting element of
TR3 orphan receptor gene (NCAE-TR3), 200-181 base
pairs upstream of the transcriptional start site. Gel re-
tardation assay further demonstrated that some nuclear
factors can bind to this NCAE-TR3. Together, our data
suggest that NCAE-TR3 could be a new enhancer ele-
ment associated with the transcription of an early re-
sponse gene for mitogenesis and apoptosis.

TR3 orphan receptor is a member of the steroid/thyroid hor-
mone receptor superfamily (1-5). The ¢cDNA of human TR3
orphan receptor was isolated during the screening of human
testis and prostate cDNA libraries for androgen receptor (AR)!
cDNAs using an oligonucleotide probe homologous to the highly
conserved part of the DNA binding domain of glucocorticoid
receptor (6—8). This receptor is also a human homologue of the
protein encoded by mouse nur77 (9, 10), N10 gene (11), and rat
NGFI-B gene (12), which are thought to be the early response
genes immediately induced by androgens and several growth
factors. It has been reported that NGFI-B mRNA can be rapidly
induced by nerve growth factor in PC12 cells (12). Our previous
reports also showed that the expression of human TR3 orphan
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receptor mRNA in human prostate LNCaP cell can be rapidly
and biphasically induced by the addition of androgens or
growth factors (13).

Using domain switch strategy, a chimera receptor (TR3/AR/
TR3), in which the DNA binding domain of TR3 orphan recep-
tor was replaced by that of AR, exhibited constitutive activity
in the absence of exogenously added ligands in COS-1 monkey
kidney and human prostate cancer PC-3 cells. The activation
was dependent only on the amount of TR3/AR/TR3 vector
transfected and appeared to be independent of the concentra-
tion of serum supplement (5). In contrast, TR2 orphan receptor,
another orphan receptor isolated from our lab (1, 8), was not
constitutively active under the same system. However, a chi-
mera receptor (PR/PR/TR2), in which the N-terminal domain
and DNA binding domain of TR2 orphan receptor were re-
placed by that of progesterone receptor, could be activated
through a signal transduction pathway initiated at the cell
membrane by the neurotransmitter, dopamine (14). With the
similar domain switch strategy, we were able to use another
chimeric receptor (AR/TR3/AR), in which the DNA binding
domain of AR was replaced by that of TR3 orphan receptor to
identify a potential TR3 response element in the promoter
region of mouse mammary tumor virus long terminal repeat
(15). Other studies also revealed that 21-hydroxylase gene, a
target gene for the NGFI-B (TR3), may contain a potential
NGFI-B (TR3) response element (16). These hormone response
elements may provide a much needed tool for the study of the
potential functions of TR3 orphan receptor.

The TR3 orphan receptor gene, 8.5-9.0 kb in length, is lo-
cated on human chromosome 12, band q13.1, and is split into
six introns and seven exons. With some notable genomic struc-
ture that is different from most of the other known steroid
receptor genes, we speculate that the human TR3 orphan re-
ceptor may be an evolutionary ancestor in the steroid receptor
superfamily (13).

Sequence analysis of the 5'-flanking region of NI10 and
NGFI-B genes suggested these genes may contain some poten-
tial cis-acting elements (11, 17). Lau and colleagues (9) also
reported that some potential cis-acting elements may play a
role in growth factor stimulation. By cloning and sequencing of
the 2.3-kb 5’-flanking region of the human TR3 orphan recep-
tor gene, we now report the identification of several potential
cis-acting elements. Deletion analysis and CAT assay further
reveal, for the first time, that a novel cis-acting element of TR3
orphan receptor gene (NCAE-TR3) may be essential for the
transcription of the TR3 orphan receptor gene in HeLa cells.

MATERIALS AND METHODS
Isolation of 5'-Promoter Region of Human TR3 Orphan Receptor—A
human peripheral lymphocyte genomic EMBL3 library was screened
using a 3°P-labeled 400-bp EcoRI-Taql DNA fragment of human TR3
orphan receptor cDNA as a probe. Five positive clones were isolated and
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mapped. A 2.8-kb BamHI-BamHI fragment was isolated from one of the
five positive clones and subcloned into the BamHI site of pBluescript 11
SK(-) (Stratagene). This 2.8-kb fragment was further cut with Narl to
remove the first intron. The remaining 2.3-kb BamHI-Narl fragment
was then subcloned into the EcoRV site of pBluescript (p-2149 TR3) for
further characterization.

Construction of Human TR3 Orphan Receptor Gene Promoter CAT
Plasmids—A series of deletion mutants of human TR3 orphan receptor
gene promoter CAT plasmids (p-1830TR3CAT, p-1500TR3CAT,
p-1180TR3CAT, p-940TR3CAT, p-730TR3CAT) were created using Ex-
onuclease III (New England Biolabs). p-427TR3CAT and p-121TR3CAT
were constructed by deletion of 1700- and 2000-bp Smal-Smal frag-
ments of p-2149TR3CAT. p-314TR3CAT was constructed by deletion of
a 1810-bp Xbal-Narl fragment of p-2149TR3CAT. To produce p-2149-
(—314/-121)TR3CAT, a Sacl-Apal 1810-bp fragment of p-2149TR3CAT
was inserted into p-121TR3CAT. Other deletion mutants between —314
and —121 of the promoter region (p-199TR3CAT, p-194TR3CAT,
p-184TR3CAT and p-151TR3CAT) were constructed using Erase-a-
Base System (Promega). To create p-314(200/—171)TR3CAT, a polym-
erase chain reaction-amplified fragment (from —314 to —200) was li-
gated with p-171TR3CAT at BssHII enzyme restriction site. To create
p-314/-121CATp and p-121/-314CATp, a NotI-Smal ~190-bp fragment
was cut from p-314TR3CAT and inserted into the BglII site in front of
SV40 gene promoter of parent pCAT promoter vector (pCATp) (Pro-
mega). To produce p-200/-181CATp, an annealed oligomer (5'-TGCGT-
CAATGGAACCCCGCG-3') was inserted into the BgIII site of pCAT
promoter.

Gel Retardation Assay—For the gel retardation assay, annealed oli-
gonucleotides corresponding to the sequence from —200 to —181 (5'-
TGCGTCAATGGAACCCCGCG-3’) and AP-1 oligomer (5'-CTAGTGAT-
GAGTCAGCCGGATC-3') (Stratagene) were 3*P end-labeled with T4
polynucleotide kinase and used as a probe. Binding reactions were
carried out in a total of 10 pl of volume containing 11.5 pg of HeLa
nuclear extract or 1 footprinting unit of AP-1 (Promega), varying
amounts of unlabeled competitor (annealed oligonucleotides of —200 to
—181, and AP-1 oligomer), 1 ug of poly(dI-dC), and 10 X binding buffer
(160 mm Hepes (pH 7.8), 30% glycerol, 300 mMm KCl, 50 mm MgCl,, 5 mm
EDTA, 5 mM dithiothreitol). Mixtures were incubated at room temper-
ature for 10 min, and 0.1 ng of radiolabeled probe (approximately 5 X
10* cpm) was added followed by an incubation for another 20 min. The
samples were then electrophoresed on a 5% polyacrylamide gel at 200 V
at 4 °C using 1 X TAE as a running buffer. The gel was then dried and
exposed to x-ray film at room temperature for 16 h.

Other Methods—Cell culture and CAT assay were performed accord-
ing to the procedure of Mizokami and Chang (18).

RESULTS

Cloning and Sequence of the Promoter Region of Human TR3
Orphan Receptor Gene—Five positive genomic clones were iso-
lated from a EMBL3 human peripheral lymphocyte genomic
library with a 32P-labeled 400-bp EcoRI-Taql DNA fragment of
human TR3 orphan receptor cDNA. Restriction mapping and
Southern blot analysis further confirmed that one of these five
positive clones contained at least a 2.3-kb DNA fragment up-
stream from the first intron of the human TR3 orphan receptor
gene. This 2.3-kb 5’-flanking region was then subcloned into
pBlueseript and sequenced by dideoxy method. The complete
nucleotide sequence of this 2.3-kb 5'-flanking region of human
TR3 orphan receptor gene is shown in Fig. 1. Sequence homol-
ogy search revealed some cis-acting elements in this 2.3-kb
human TR3 orphan receptor gene promoter region. A TATA
box motif (TATAAAA) (19) was identified at —924 to —930,
which is not very close to the transcription initiation site. By
CAT assay using p-940TR3CAT and p-427TR3CAT, this TATA
box motif was shown to have no functional promoter activity
(Fig. 2). Nine GC boxes, known as a putative SP-1 binding site
(20), one AP-2 motif (5'-CC(C/G)C(A/G)GGCA-3") (21), and five
AP-1 binding site-like sequences (5'-TGAGTCA-3') (22, 23) are
found in the promoter region (Table I). Other potential cis-
acting elements found in the promoter region of human TR3
orphan receptor gene included one cAMP response element
(5’-TGACGTCA-3’ with one mismatch) (24) at —683 to —676,
one estrogen response element (5'-GGTCANZ;TG(A/T)CC-3’
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with two mismatches) (25) at —1944 to —1932, two inverted
sequences of nuclear factor-1 binding motif (5'-TGGN,;CCA-3")
(26) at —1193 to —1181 and —790 to —778, as well as four
interleukin-6 response elements (5'-AGTGANGNAA-3’ and 5'-
NTGGNAA-3') (27). When we compared the sequence homol-
ogy among human (TR3 orphan receptor), rat (NGFI-B), and
mouse (nur77 or N10) genes at the promoter region, we found
that sequences within 220 bp of the promoter region from the
transcriptional start site are well conserved. This included four
AP-1 binding site-like sequences and a CArG-like sequence
(5'-CC(A/T)¢GG-3"), a core sequence of serum response element
(28). As serum response factor may bind to a CArG-like se-
quence and then activate these early response genes, our find-
ings of a well conserved CArG-like sequence among human,
rat, and mouse may suggest a universal activation of the hu-
man TR3 orphan receptor gene.

Identification of Novel Cis-acting Element (NCAE-TR3) in
the Promoter Region of the Human TR3 Orphan Receptor
Gene—The isolated 2.3-kb promoter region of human TR3 or-
phan receptor gene was inserted in the front of a CAT gene
(p-2149TR3CAT) for the study of the transcriptional regulation
of human TR3 orphan receptor gene. When p-2149TR3CAT
was transfected into the HeLa cells, a remarkable increase of
CAT activity was observed compared with that of CAT vector
without promoter (pBsCAT, Fig. 2). To further identify the
functionally important cis-acting regions, we constructed sev-
eral CAT expression plasmids containing a serial progression
of 5’ to 3’'-deletion mutants (p-1830TR3CAT, p-1500TR3CAT,
p-1180TR3CAT, p-940TR3CAT, p-730TR3CAT, p-427TR3CAT,
p-314TR3CAT, p-121TR3CAT, and p-26TR3CAT). CAT activity
was assayed in HeLa cells transfected with the above plasmids
using B-galactosidase activity as the basis to normalize the
transfection efficiency. As shown in Fig. 2, a series of plasmids
(p-2149TR3CAT, p-940TR3CAT, p-427TR3CAT, and p-314-
TR3CAT) induced the very strong CAT activities as compared
with the pBsCAT. On the contrary, the CAT activity of
p-121TR3CAT was dramatically decreased as compared with
p-314TR3CAT (14.0 * 3.4%) (Fig. 2). These results indicate
that the region of —314 to —121 may contain some essential
cis-acting elements for the transcriptional activity of the hu-
man TR3 orphan receptor gene in HeLa cells. To further in-
vestigate this important region (—314 to —121), we deleted
this region (—314 to —121) from p-2149TR3CAT, named as
p-2149(-314/-121)TR3CAT, and assayed the CAT activity fol-
lowing transfection of this plasmid. As shown in Fig. 2, the
level of CAT activity of this internal deletion mutant upon
transfection was as low as that of p-121TR3CAT and confirmed
the importance of this novel cis-acting element for the human
TR3 orphan receptor gene transcription.

To further identify cis-acting elements within —314 to —121,
several deletion mutants were constructed using exonuclease
IIT (p-199TR3CAT, p-194TR3CAT, p-184TR3CAT, p-151TR3-
CAT). As shown in Fig. 3, p-314TR3CAT and p-199TR3CAT
had considerably higher levels of CAT activities than
p-184TR3CAT, p-151TR3CAT, and p-121TR3CAT. Particu-
larly, the CAT activities of p-184TR3CAT and p-151TR3CAT
decreased to 23.4 = 1.3% and 14.8 * 2.4% of p-314TR3CAT,
respectively. The internal deletion mutant, p-314(-200/-
171)TR3CAT, in which the region from —200 to —171 was
deleted from p-314TR3CAT, reduced CAT activity to 13.7 =
3.8% of that of p-314TR3CAT and had about the same CAT
activity as compared with p-184TR3CAT. These results indi-
cated that the sequence between —200 and —184 is necessary
for the transcription of human TR3 orphan receptor gene in the
HeLa cells.

Functional Characterization of NCAE-TR3—To further






