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ABSTRACT By using mRNA polymerase chain reaction
differential display technique (DDPCR), we have identified one
early responsive cDNA fragment, TDDS, from a Sa-reductase-
deficient T cell hybridoma. The DDPCR profiles of TDD5 suggest
that its expression can be repressed by testosterone (T) within 2
hr. More importantly, both DDPCR and Northern blot analysis
further demonstrated that the expression of TDD5 was differ-
entially repressed by T and dihydrotestosterone (DHT) at the
mRNA level. To our knowledge, this is the first androgen target
gene to show a preference in response to T over DHT in cell
culture. TDDS is expressed in several tissues with particular
abundance in Kidney. Full-length TDD5 ¢cDNA (2,916 bp) en-
codes a protein with a calculated molecular weight of 42,000.
Finally, our animal studies further confirm that TDD5 mRNA
levels can be repressed to the basal level 8 hr after DHT
administration. The isolation and characterization of the early-
responsive androgen target gene TDDS5 and the fact that TDD5
mRNA level can be differentially regulated by T and DHT may
provide a useful tool to study the molecular mechanism of
androgen preference on target gene regulation.

Androgen plays an essential role in the determination of sexual
differentiation, development of both internal and external sex
accessory organs, and some general but distinct characteristics
between sexes, e.g., muscle development and hair growth patterns
in certain areas (1, 2). Androgens are synthesized and secreted
into the blood stream largely in the form of testosterone (T).
After entering its target cells, T will either be metabolized by
aromatase to estradiol in hypothalamus where mental/social sex
determination occurs (3, 4) or be metabolized by Sa-reductase to
Sa-dihydrotestosterone (DHT) in most of the male reproductive
organs (5). In addition to prior metabolic activation, T may
directly activate the development of muscle where very limited
Sa-reductase activity is detected (6). From studies of inherited
Sa-reductase-deficient patients, investigators have concluded that
T is able to stimulate psychosexual behavior and the development
of Wolffian duct, muscle, voice deepening, spermatogenesis, and
axillary as well as pubic hair growth (7, 8). DHT seems to be
necessary for the development of prostate and external genitalia,
the male pattern hair growth, and male-form baldness (9). From
Sa-reductase insufficiency and the complete form of testicular
feminization, in which no trace of androgen function is detected
due to a nonfunctional androgen receptor (AR) gene mutation
(10), it has been generally accepted that only one AR is respon-
sible for both T and DHT stimulation. This one AR hypothesis
was further supported by the fact that only one AR gene has been
cloned by various groups (11-14). Although the biological sig-
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nificance of T and DHT is clear, the mechanisms that T and DHT
rely on for exerting different functions in various target organs are
under intensive investigation at present.

Several studies have been done on experimental animal
models to target this question. For example, the development
of rat prostate was severely impaired but not completely
abolished when they were treated with the Sa-reductase
inhibitor finasteride (15). These results suggest that the de-
velopment of rat prostate is also largely DHT-dependent.
However, large amounts of T may achieve the same effect via
the same AR. And also, the development of Wolffian-duct-
derived organs, with the exception of seminal vesicles (SVs),
was not affected by finasteride treatment. In the study of
7a-methyl-19-nortestosterone, researchers have shown that
this nonreducible synthetic T affected androgen-dependent
muscle mass without affecting either prostate or SV develop-
ment (16). In summary, these results have confirmed in
animals that the development of muscle and most Wolffian-
duct-derived organs is T-dependent, whereas the development
of prostate and SVs is DHT-dependent.

Deslypere et al. (17) have demonstrated that DHT at a
concentration that is 10-fold less than T can induce the same
mouse mammary tumor virus—chloramphenicol acetyltrans-
ferase (MMTV-CAT) reporter gene expression activity in Chi-
nese hamster ovary (CHO) cells. The limited Sa-reductase ac-
tivity found in CHO cells and also the apparent Ky values for the
interaction of DHT and T with AR allowed the authors to
conclude that the different potencies between DHT and T are
due to their affinity to the AR. Recently researchers have also
proposed that the lesser stable T-AR complex versus DHT-AR
complex may also contribute to why DHT is more potent than T
in target gene transcriptional induction (18, 19). However, this
conclusion does not explain phenomena where DHT-specific
effects were observed. For example, DHT but not T reduced the
production of interleukin 4 (IL-4), IL-5, and +y-interferon from
mouse T cell hybridomas (20). In this case, a close interaction
between T cells and local macrophages, which metabolize T to
DHT for adjacent T cells, is proposed as a peripheral activation
mechanism. Another potential DHT-specific gene, the FAR17a
gene, has been identified from the golden Syrian hamster flank
organ to be up-regulated by DHT but not by T in the presence of
a Sa-reductase competitive inhibitor, progesterone (21, 22).

Since the T cell hybridoma is a unique androgen target cell
without detectable Sa-reductase activity, we have looked for
any differentially regulated mRNA species by the polymerase
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chain reaction differential display technique (DDPCR).
Herein we report the identification and characterization of one
early-responsive androgen target gene, TDDS, that can be
differentially regulated by T versus DHT in cell culture.

EXPERIMENTAL PROCEDURES

Cell Culture and Metabolism of [*H]T. T cell hybridoma
312.13 was obtained from R. A. Daynes’ laboratory (20). This line
was maintained in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal bovine serum (FBS) and cultured in a 5%
C0,/95% air tissue culture incubator. The metabolism of T by
312.13 cells was examined by growing 10° cells for 48 hr in 1 ml
of RPMI 1640 medium supplemented with 10% charcoal/
dextran-treated FBS (CDFBS) and [1,2,6,7-*H(N)]testosterone
(specific activity = 100 Ci/mmol, DuPont/NEN) at a concen-
tration of 10 nM (23). In parallel, as a control, PC3 cells (24), a
Sa-reductase-positive control, were incubated in the same me-
dium. After a 48-hr incubation, conditioned medium (CM) and
cells were collected separately for steroid extraction. The samples
were extracted sequentially with 10 ml of ice-cold diethyl ether
and then 1 ml of methanol. The extraction efficacy was estimated
from radioactivity in 10 ul of methanol extract compared to the
initial inoculation. The rest of methanol extract was dried and
dissolved in 1 ml of mobile phase (50% acetonitrile/50% water)
for HPLC analysis. Possible T metabolites were separated by
passing 15 ul of medium extract through a C;g reverse-phase
micropore column (Beckman). Radioactivities were detected by
using a Radioisotope flow detector (Beckman). Prior to and after
the experimental sample, the whole HPLC setup was calibrated
with a battery of [*H]steroid standards manufactured by DuPont/
NEN. Any possible metabolite with more than 1% abundance
was expected to be visualized as a distinct peak in HPLC profile.

Experimental Design and Preparation of Total RNA from
T Cell Hybridoma Cells. The 312.13 cells were treated with
RPMI 1640 medium containing 10% CDFBS alone or further
supplemented with either T or DHT at a concentration of 10
nM. Cell pellets were quickly frozen in a dry ice/ethanol bath
and stored at —70°C for total RNA preparation. These cell
pellets were homogenized in guanidine thiocyanate solution
and total RNA was purified by centrifugation. Any possible
DNA contaminant was digested with RNase-free DNase.

Reverse Transcription of Total RNA. RNAs were reverse-
transcribed into cDNAs with three anchor primers, HT{1G
(AAGCTTTTTTTTTTTG), HT;A (AAGCTTTTTTTT-
TTTA), and HT;;C (AAGCTTTTTTTTTTTC) according to
the RNAimage kit (GenHunter, Brookline, MA). In brief, 0.2 ug
of DNA-free total RNA was reverse-transcribed into cDNA in
the presence of 0.2 uM anchor primer and all four dNTPs (each
at 20 uM). Anchor primer and total RNA were incubated at 65°C
for 5 min to break down any secondary structure and then
reverse-transcribed at 37°C for 60 min followed by 75°C for 5 min
to inactivate murine leukemia virus reverse transcriptase activity.

Differential Display of mRNA by PCR Amplification of
c¢DNAs with an Arbitrary Primer. Reverse transcription prod-
ucts were then subjected to PCR amplification with one
arbitrary primer and the matched anchor primer. One-tenth (2
ul) of the reverse transcription product was PCR-amplified
with 0.2 uM primers in the presence of dNTPs (each at 2 uM)
and 10 pCi of deoxyadenosine 5'-[a-[3*S]thio]triphosphate.
The PCR was run for 40 cycles with each cycle consisting of
94°C for 30 sec, 40°C for 2 min, and 72°C for 30 sec.

Separation of PCR-Amplified Products on a Sequencing
Gel. Each 3.5-ul PCR-amplified sample was then mixed with
2 ul of stop solution (98% formamide/10 mM EDTA, pH 8.0)
and loaded onto a 6.25% sequencing gel. The gel was elec-
trophoresed at a constant 60 W at the maximal limits of 1,700
V and 300 mA. The electrophoresis was terminated after the
xylene cyanol dye emerged from the gel. The gel was dried,
traced with radioactive stickers, and exposed to x-ray film for
16-72 hr at room temperature before development. Any band
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of interest was excised from dried gel. The DNA was eluted
and PCR-amplified with corresponding arbitrary and anchor
primers. The reamplified differentially displayed DNA was
then subcloned into pT7-blue vector (Novagene) for sequenc-
ing and also for the template to generate Northern blot probes.

5’ Rapid Amplification of cDNA Ends (RACE)/PCR for
Full-Length TDD5S ¢DNA. To obtain the full-length TDD5
c¢DNA clone from 312.13 total RNA, we synthesized a 26-base
primer (5'-GCAAAGTTACAAATTTATTGGTCTGG-3';
the putative complementary poly(A) signal is underlined)
containing the 3’ most end of the TDDS5 fragment and
subjected it to the RACE/PCR. A full-length TDD5 was
PCR-amplified, cloned, and confirmed by Southern blot anal-
ysis.

Northern Blot Analysis. Twenty-five micrograms of total RNA
was loaded into each lane in electrophoresis and transferred onto
a Hybond-N membrane (Amersham). The equal RNA loading,
integrity of RNA, and transfer rate were confirmed by showing
consistent intensities of 28S and 18S rRNA bands. A TDD5 probe
was generated by PCR amplification as described with minor
modifications (25). TDD5 3’ most end segment (288 bp) was
excised from pT7-blue vector and purified as a template. The
PCR amplification was performed with H-T1;G and H-AP12
(AAGCTTGAGTGCT) primers. The membranes were hybrid-
ized with a radiolabeled probe for 2448 hr at 42°C and washed
twice at room temperature with 1X standard saline citrate
(SSC)/0.1% SDS followed by once with 0.25Xx SSC/0.1% SDS at
55°C for 15 min. Dam wet membrane was wrapped in Saran wrap
and exposed to a Phosphorlmager or x-ray films. The signal
intensities were quantified with IMAGEQUANT software (Molec-
ular Dynamics) and normalized according to the B-actin hybrid-
ization results.

Animal Studies. Two-month-old male C57BL6 mice were
obtained from Harlan Sprage Dawley, Indianapolis, IN. A few
days after settlement, the animals were either sacrificed for
tissue distribution studies or castrated under ether anesthesia
for the studies on the effect of androgen. Four days after
castration, we started treating these animals with 500 ug of
DHT in 100 pl of sesame oil/ethanol, 9: 1 (vol/vol), daily
through peritoneal administration. Animals were sacrificed 1,
2, 4, 8, 24, and 48 hr after initial treatment. Kidneys and
thymuses were collected for Northern blot analyses.

RESULTS

The 312.13 T Cell Hybridoma Is a Unique Androgen Target
Cell with a Deficiency in 5a-Reductase Activity. To investigate
whether different androgens, T and DHT, may exert distinct
regulatory effects on target gene expression, investigators have
tried to block the conversion of T to DHT by applying 5a-
reductase inhibitor or competitor, e.g., finasteride or progester-
one (15, 21, 22). Unfortunately, the Sa-reductase system is very
complicated because two isoforms have been isolated with dis-
tinct characteristics and because of the lack of pan-specific
inhibitors of the isoforms, the complicated pharmacological
kinetics, and the species specificity of these inhibitors. As a result,
complete blockage of the conversion of T to DHT has never been
accomplished in animals. For the convenience of control T- or
DHT-specific stimulation, we sought an established androgen
target cell line with minimal Se-reductase activity as starting
material. The 312.13 line is a T cell hybridoma generated by
R. A. Daynes’ laboratory. The majority of these cell lines are
shown to respond to androgen treatment by altering the secretion
of various lymphokines (20). We have carried out MMTV-CAT
transient transfection experiments to confirm the expression of
functional AR (data not shown). To confirm its lack of Sa-
reductase activities, we have incubated these cells with 10 nM
[*H]testosterone to analyze how these cells metabolize T. The
SH-labeled activity was recovered from 48-hr 312.13 CM along
with control medium and CM from human prostate PC3 cells
(known to have Sa-reductase activity) by ether and methanol
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extraction. Consistently, 80-85% of total radioactivity was re-
covered from CM and control medium. On the other hand, less
than 5% of radioactivity was recovered from both 312.13 and PC3
cell pellets. This high and consistent extraction efficacy from CM
suggests that no significant glucuronidation metabolism had
occurred to form water-soluble steroids. To further analyze the
contents of these extracts, we performed HPLC analysis. Results
show that a single radioactive population found in 312.13 CM
(retention time = 7.2 min) comigrated with the T in the standard
(retention time = 7.5 min; Fig. 1). In addition, like T, this peak
showed a strong 246-nm absorption in a parallel UV absorption
profile (data not shown). This result was also reconfirmed by
using a second solvent system, 65% methanol/35% water (data
not shown). It is possible that this single peak radioactivity found
in 312.13 CM represents the T supplied earlier. These results
provide direct evidence to confirm that these 312.13 cells are
deficient in converting T to DHT (20). This HPLC profile may
also suggest a deficiency of conversion to estradiol, which will
show up as a distinct peak in the profile at approximately 7.5 min
if it is more than 1% of radioactivity in the extract. This
characteristic makes this cell line valuable for studying the
differential effect of T and DHT on target gene regulation. To
verify the working condition of HPLC analysis, we also examined
an extract from PC3 CM. The results indicate that in addition to
the T supplied, two T metabolites, DHT and androstenedione,
were visualized along with a much more polar compound (re-
tention time = 16.0 min) with an unknown identity. The 312.13
and PC3 cell pellet extracts gave similar profiles with much lower
intensity than their CM counterparts (data not shown).

mRNA Differential Display by PCR. We then used the
DDPCR technique to search for potential target genes that are
regulated differentially by T/DHT. The 312.13 cells were treated
with 10% CDEFBS alone or further supplemented T or DHT at
10 nM. To identify the earlier androgen target genes and also to
minimize the possibility of false-positive results, we harvested
cells 1, 2, and 8 hr after treatment. TDDS, shown in Fig. 2, was
identified from the PCR amplification with anchor primer
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FiG. 1. Characterization of a T cell hybridoma lacking Sa-
reductase activities. The 312.13 T cell hybridoma cells and PC3 human
prostate cancer cells were incubated with 10 nM [*H]T for 48 hr.
Steroid metabolites were extracted sequentially with ether and meth-
anol and then dissolved in HPLC mobile-phase solvent (50% aceto-
nitrile/50% water). Samples were passed through a C1g HPLC column
for separation. HPLC profiles of 312.13- and PC3-CM lipophilic
fractions are shown as a representative of two experiments. [°H]Ste-
roid standard was run prior to and after experimental samples for
calibration and identification. The standards, in order of hydropho-
bicity, are 17B-estradiol (E), T, androstenedione (A), and DHT.
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H-T1;G and arbitrary primer H-AP12. The intensity of TDD5
DDPCR product decreased when cells were treated with T for 2
hr or with DHT for 8 hr. It remained fairly high and consistent
in the control group throughout 8 hr of treatment. To confirm the
differential effect of T versus DHT on TDDS5 expression and also
to rule out the possibility that this T preference may have resulted
from an effect of estradiol, we conducted Northern blot analysis
in parallel experiments with the same 312.13 cells (Fig. 34). The
results, in Fig. 3B, show that although TDD5 mRNA decreased
slightly when cells were treated with 10% CDFBS alone (con-
trols), further supplementation with T (10 nM) or DHT (10 nM)
repressed the TDD5 mRNA level much faster. On the other
hand, estradiol (10 nM) did not alter significantly the quantity of
TDD5 mRNA in 8 hr. More important, the repression in the level
of TDD5 mRNA was more profound and faster in response to T
than to DHT; only 7% and 64% of TDDS5 mRNA remained in
cells 2 hr after the administration of T and DHT, respectively
(Fig. 3B). To investigate whether this T versus DHT preference
on TDDS is also dose-dependent, we performed 2- and 8-hr
incubations with T or DHT in the concentration range from 1 to
100 nM. The results show that 1 nM T suppressed the TDDS
mRNA level to 60% in 2 hr and further to 14% in 8 hr, whereas
1 nM DHT did not have a significant effect until 8 hr (56% of
TDDS5 remained; Fig. 4). These results suggest that by 2 hr T is
more potent than DHT even though the dose-response results of
both T and DHT to TDDS5 appeared to shift to the left by 8 hr.
As expected, this suppression reached its maximum at 10 nM
T/DHT, the same concentration used earlier in DDPCR exper-
iments. As a result of this observation, we decided to isolate the
full-length TDD5 cDNA for further characterization.

Isolation of Full-Length TDD5 ¢cDNA Sequences. When the
3’ most 288 bp (within the box in Fig. 5) of the TDDS5 sequence
was isolated from our DDPCR, we had failed to identify its
homologue among listed sequences with known functions in all
DNA databases we examined. Consequently, we used 5’
RACE to clone the full-length cDNA. With one gene-specific
primer covering the last 26 bp of TDDS5 primer along with a
RACE adapter primer, we succeeded in isolating one 2,916-bp
cDNA fragment from a total RNA preparation from 312.13
cells. The sequence studies show that it contains the putative
first ATG (136 bp) with the longest reading frame until the
stop codon found at 1,279 bp (Fig. 5). The deduced protein size
according to this open reading frame is 42 kDa, which is
confirmed by the size of the in vitro-transcribed and -translated
product (data not shown). After confirming the full-length
TDD5 cDNA, we set forth to characterize its expression
specificity and androgen suppression properties in mice.

Tissue Specificity of TDD5 Expression in Adult Male Mice. To
explore the tissue distribution of TDDS expression, we collected
organs from 2-month-old C57BL/6 male mice for Northern blot
analyses. As shown in Fig. 6, the data indicated that TDDS5 can
be expressed most abundantly in kidney followed by nervous
tissues (hypothalamus, cerebellum, and cerebrum) and preputial
gland. The other tested organs, except duodenum and prostate,
also express TDDS in much smaller quantities.

Treatment C T DHT
Time (hr) 12 8 1 2 8 128

Fic. 2. Differential display profiles of 312.13 mRNA showing a
potential androgen target fragment. The 312.13 cells were treated with
10% CDEFBS (C, control) only or further supplemented with 10 nM T
or 10 nM DHT for 1, 2, and 8 hr. Total RNA preparations were
subjected to DDPCR. A partial differential display profile done with
primers H-T1;G and H-AP12 is shown. Open arrowhead, TDD5 DNA
bands; solid arrowhead, common bands used for normalization in
quantification. Profile shown is representative of three experiments.
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FiG. 3. Northern blot confirmation of differential expression of
TDD5 mRNA. The 312.13 cells were treated parallel to those for
DDPCR. Total RNA (25 ug per sample per lane) was resolved by
electrophoresis in a formaldehyde gel, transferred to a nylon membrane,
and probed with a 288-bp differential display TDD5 DNA fragment. (4)
The 312.13 cells were treated with 10% CDFBS only (C, control) or
further supplemented with 17B-estradiol (E»), T, or DHT for 1, 2, and 8
hr. A representative Northern blot autoradiogram of three experiments
with C, T, and DHT groups and only one for E> group is shown. (B)
Phosphorlmage IMAGEQUANT quantification of Northern blots in A.
Averages of three experiments are shown; bars represent the SD. The
quantification was normalized according to B-actin-hybridized band
intensities (as shown in A). Four different treatments were performed as
described in A4: control, m; E, [J; T, J; DHT, O

Animal Studies of the Repression of TDD5 mRNA Induced
by DHT. We investigated whether the androgen suppression of
TDDS expression in cell culture may also occur in animals.
Because of the complexity of the Sa-reductase system in
animals and the lack of effective tools to block completely the
metabolism of T to DHT in mice, we decided to focus on the
effect of DHT. Kidneys were collected because they express
the highest quantity of TDD5 and thymuses were collected
because of their production of T cells. Northern blot analysis
of kidney RNA showed that TDD5 mRNA level was repressed
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Fic. 4. Effect of T and DHT on the expression level of TDDS5-
dose-dependent and time course studies. The 312.13 cells were treated
with T or DHT at 0 nM (0O), 1 nM (0OJ), 10 nM (OJ), or 100 nM (OJ)
similar to those for differential display for 2 or 8 hr. Total RNA (25
ug per sample per lane) was resolved by electrophoresis in a formal-
dehyde gel, transferred to a nylon membrane, and hybridized with the
288-bp TDD5 differential display DNA fragment. TDDS5- and B-actin-
specific bands are shown and were subjected to Phosphorlmage
IMAGEQUANT quantification. The quantification results were normal-
ized to the intensity of the B-actin bands.
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8 hr after the administration of DHT (Fig. 7B). This quick
repression also happened in the thymus (Fig. 7C). These
animal studies confirmed our previous observation done with
a T cell hybridoma illustrating that TDDS5 is an early androgen-
responsive gene that can be repressed by androgens (Fig. 74).

DISCUSSION

The AR activation mechanism is one distinct feature among
the steroid receptors. Two forms of androgen, T and DHT, are
available in circulation or after intracellular Sa-reduction
before they interact with AR. On one hand DHT is more
potent than T in stimulating the expression of MMTV-CAT
reporter gene in CHO cells (17). Also DHT is approximately
10 times more potent than T in supporting yeast transfectant
proliferation resulting from a specific interaction between an
AR bait and a novel AR-associated activator (ARA7) (26).
On the other hand, T supports the development of most
Wolffian-duct-derived organs when finasteride is adminis-
trated (15). Muscle development in Sa-reductase-deficient
patients is largely unaffected (16). Thus, T itself may be
involved more in anabolic effects (e.g., muscle development)
and DHT may be more potent in androgenic effects (e.g.,
growth of male reproductive tract) (27). A direct T/DHT-
specific target androgen-response element should provide a
potential tool for the development of new drugs that can
support anabolism without any androgenic activity or vice
versa.

Araneo et al. (20) have demonstrated that IL-4 secretion
from T cells is negatively regulated by DHT but not by T.
Expression of the hamster FAR17a gene has also been re-
ported to be induced only by DHT (21, 22). However, due to
the slow response to androgen treatment, in days, it is possible
that these two potential DHT-specific target genes may not be
regulated directly by androgen. Indeed, we have tried without
success to identify any potential DHT-specific cis-acting ele-
ments from both human IL-4 and hamster FAR17a 5’ pro-
moter region (28). Consequently, for the purpose of identifying
potential androgen-response elements that can distinguish
between T-AR and DHT-AR, we started isolating more
differentially regulated androgen target genes.

The T cell hybridoma 312.13 cell was chosen because it
responses differently to T/DHT stimulation by the production of
several lymphokines. More important, this cell line lacks a
significant ability to metabolize T to DHT. By comparing differ-
entially displayed mRNA species among androgen-free, T, and
DHT treatments, we have identified an early androgen-
responsive cDNA fragment, TDDS5, that responds differently to
T and DHT. TDDS responded to T (10 nM) in 2 hr and to DHT
(10 nM) in 8 hr by a similar decrease in the amounts of TDD5
transcript (Fig. 3). In addition, a 2-hr treatment with 1 nM T was
sufficient to cause a significant suppression but same concentra-
tion of DHT failed unless the treatment was extended to 8 hr (Fig.
4). This T preference is not due to the ability of T to be converted
to estradiol, because there is no significant conversion of T to
estradiol in 312.13 cells and also estradiol treatment does to alter
the quantity of TDD5S mRNA in 312.13 cells. The lack of
appropriate tools to block the conversion of T to DHT completely
in animals has hindered our effort to confirm the T versus DHT
preference in animals. Instead, we have shown that the injection
of DHT into 4-day castrated mice can repress TDD5 mRNA
levels in both kidney and thymus by 8 hr. This is in agreement with
our T cell hybridoma studies. Thus, our data demonstrate that
TDDS is a fast-responding androgen target gene that has a
preference to respond more to T than to DHT in 312.13 cells. As
yet, we have not determined the physiological meaning of this
kinetic change between T and DHT, nor can we ignore factors
other than androgens that may be involved in this phenomenon.
Understanding of the physiological cascade of TDDS5 function
may provide a better clue in the near future.
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1: TACCCTCTCGCGTTGC
17: AGGCAGATTGCTCACCCATCTTCGTCTCCCTCTTCACCTCCCGCGGGGCGCTGCACCTCAACCTTGTGGT TGGCTCCTTTCCGTGCTTGCTTGCTCATTAGGTGTGTGATAGCACGGAR
136: ATG TCC CGA GAG CTA CAT GAC GTG GAC CTC GCT GAG GTG AAG CCT CTG GTG GAA AAA GGG GAG AGC ATC ACT GGT CTC CTG CAA GAG TTC
1: met ser arg glu leu his asp val asp leu ala glu val lys pro leu val glu lys gly glu ser ile thr gly leu leu gln glu phe
226: GAT GTT CTG GAG GAG GAT ATT GAG ACC CTA CAT GGC TCC CTG CAT GTC ACC CTG TGT GGG ACC CCC AAG GGC AAC CGT CCT GTC ATC CTC
31: asp val leu glu glu asp ile glu thr leu his gly ser leu his val thr leu cys gly thr pro lys gly asn arg pro val ile leu
316: ACG TAT CAC GAC ATC GGC ATG AAC CAC AAG ACC TGC TAC AAC CCC CTC TTC AAC TCT GAG GAC ATG CAG GAG ATC ACA CAA CAC CCC GCT
61: thr tyr his asp ile gly met asn his lys thr cys tyr asn pro leu phe asn ser glu asp met gln glu ile thr gln his pro ala
406: GTC TGC CAT GTG GAT GCC CCT GGC CAA CAG GAT GGT CCC CTT CCT TCC CAG TGG TAC ATG TAC CCC TCA ATG GAT CAG TTG GCT GAA ATG
91: val cys his val asp ala pro gly gln gln asp gly pro leu pro ser gln trp tyr met tyr pro ser met asp gln leu ala glu met
496: CTT CCT GGA GTC CTT CAC CAG TTT GGG CTC AAG AGT GTC ATT GGC ATG GGN ACA GGA CCG TGG NGC CTA CAT CCT GAC CCG TTC GCA CTC
121: leu pro gly val leu his gln phe gly leu lys ser val ile gly met ??? thr gly pro trp 2?7 leu his pro asp pro phe ala leu
586: AAC AAC CCT GAG ATG GTA GAG GGT CTC GTG CTC ATG AAT GTG AAC CCC TGT GCT GAA GGC TGG ATG GAC TGG GCT GCC TCT AAG ATC TCA
151: asn asn pro glu met val glu gly leu val leu met asn val asn pro cys ala glu gly trp met asp trp ala ala ser lys ile ser
676: GGA TGG ACC CAA GCC CTG CCT GAC ATG TGT GTC CCA CCT CTT CGG NAN GGA GGA GAT ACA CAA CAA CGT GGA GGT ATG CAC ACG TAC CGC
181: gly trp thr gln ala leu pro asp met cys val pro pro leu arg ??? gly gly asp thr gln gln arg gly gly met his thr tyr arg
766: CAG CAC ATC CTC AAC GAC ATG AAC CCG AGC AAC CTA CAC TTA TTC ATC AGC GCC TAC AAC AGC CGG AGA GAC CTG GAG ATT GAG GCG CCa
211: gln his ile leu asn asp met asn pro ser asn leu his leu phe ile ser ala tyr asn ser arg arg asp leu glu ile glu ala pro
856: ATG CCT GGA ACC CAC ACT GTC ACT TTG CAG TGC CCT GCT CTG CTG GTA GTT GGA GAC AAC TCT CCT GCC GTG GAT GCT GTG GTG GAA TGC
241: met pro gly thr his thr val thr leu gln cys pro ala leu leu val val gly asp asn ser pro ala val asp ala val val glu cys
946: AAT TCT AAA TTG GAC CCA ACG AAG ACC ACC CTG CTC AAG ATG GCA GAC TGT GGA GGC CTT CCT CAG ATC TCT CAG CGC CCA AGC TTG CTG
271: asn ser lys leu asp pro thr lys thr thr leu leu lys met ala asp cys gly gly leu pro gln ile ser gln arg pro ser leu leu
1036: AGG CCT TCA AGT ACT TTG TGC AGG CAT GGG ATA CAT GCC TTC TGC CAG CAT GAC TCG CCT GAT CGG GTC CCG CAC CCA GTC TGG CTC CAG
301: arg pro ser ser thr leu cys arg his gly ile his ala phe cys gln his asp ser pro asp arg val pro his pro val trp leu gln
1126: TGT CAC ATC CTG GAG GGC ACC CGT AGC CGC TCC CAT ACC AGC GAG GGG TCC CGT AGC CGC TCC CAT ACC AGT GAG GAT GCC CGT CTC AAC
331: cys his ile leu glu gly thr arg ser arg ser his thr ser glu gly ser arg ser arg ser his thr ser glu asp ala arg leu asn
1216: ATC ACC CCC AAC TCG GGT GCC ACC GGA AAC AAT GCC GGG CCC AAG TCC ATG GAG GTG TCC TGC TAA
361: ile thr pro asn ser gly ala thr gly asn asn ala gly pro lys ser met glu val ser cys STOP
1282: GCAATCTGTGCATCAGTCACCCTGGACTGGTGGCCTCTCCCTTAGCCCCCAACCCTTGCCTGCCACCCTACGCTAATGCGGTATTAATCTAAAGCTGCTTTTGTAAGAATGAACTCTGG
1401: CGGTGGCAGACCCAGGCTGTTCTGACTGCCTCCTGGGACCAGGGTGGGTGGTGGTGGACCAAAGGCAAGAAGCTGTTCAGCGTACTGTTCTGCTAACAAGTGACCTGGTGGACCCTCTC
1520: TCTACCCTCAGACACCAAACTGCCAAAACTAAGAAATAGATAGCTGTAACACTGCCTGGCTCCAAGCCAGGATCTGATCCAGACTTCTGGTTCATAGGGCTTTTGCAACCTGCCTACTT
1639: CCTGTTTCCTCCCACTAACTATTCTGGAACAACTTCTGTTTGAAAGGAGAGAGAGAGGCAGGAAAGT TGGGCGCCTTATTTTAGTAGAGAAACCAAGAAAGGAAGAGAAAAAAAGGCAG
1758: GGTCTAGGGCAGGTAGAGGAAAAACACAACAAGTCTACTAGGCTCACTTGAAGGAATTGATTTTAAAGTTCTGGACGCTGGAAACCCACAACCTGTTTTTCTGGCAACCTTTTAACGTC
1877: GCAAGAAAARACTGGTAACAAACCCCAGGCTTTATAGAGAAAGTGATCCAGCARATGTGGGGCATCAGTGATTTAAGACTCTTTGCCTATGCAGTCTTACCTGTACCCCGTCCCATTCCA
1996: CAGTGAATGAGTGGATGACACTCTGTCCTCAGGGAAGATGTTTGATTGTGTCGATCTTGAGGCAGAGGAGCCAGAAGGCGTATACCGGGAATCCTAGTCTGGATGAAGATCTTAGATGG
2115: AAGGTGGGAATAGAATGGTACCCATGGGAACTTTTGAGGAACTCATGGTAGGGCCAAGTGGACTTAGAAACCTGGTGGGTGTGATTTCATTGATCTGGAATCTTGGTGACTGAGTCACA
2234: CCTTGCCTCCCATAATTGATGTCTGGCATTGATTATGAACAAGTGTGACTCAGTCACACCTTGTCTCCCATAATTGATGTCTGGCATTGATTTGAAACTTGATAGCTGAATGTCTCTTA
2353: ACTGGCCCATCGCTGGTTCTTCAGAGAGAACCGTATGTTCTAGTGGG AGGACT TTTT TTCTGTACATTCCACGGGAACTTGCTTCCCTCTCCTGCCCCTCCTGCTGACTEG
2472 GTTTGTAGCATTGGCCTCTTAAGCAATGCCAGCCTAATGCCCATGCTCCATACTAGCTCCTTTGATTCTTACTGTGGC TAACCTTGAACCTTCCTATAGGAAATGTGATCAGATCRGRG
2591: ACACTTGATCGTTGGGAGTCAGCCCTCAAGGCCTGGCGA CTTGATCGTTGGGAGTCAGCCCTCAAGGCCTGGCGACTTCCAGGATCTTGGAGTTGCTAGAGGAAAAGTAGTTATGCC
2710 CATATAGGCGGCATGAGAGACAAGGGATCAGTTTACCTGCCAACTCCGACCGTGGAGGGGGAGTTCCACTGACCTTGTGTAGAAAGATCAGGAATCCAGGCCAGGGTGATTGAACGCTG
2829 ACAAGAAATCACTGTATATGTCTCTCCAGGGCAGTTTCTTAATAAGATGTTTGTATTTATTTCCAGACCAATAAATTTGTAACTTTGCl

FIG. 5.

cDNA sequences and deduced amino acid sequences of TDDS5. The nucleotide sequences and the deduced amino acid sequences are

numbered on the left. The nucleotide sequence of the eukaryotic polyadenylylation signal AATAAA is underlined. The DNA sequence of isolated
TDD5 fragment from DDPCR is boxed. The 26-bp complementary oligomer, located at the 3’ most end, for RACE/PCR amplification covers

the region shown in boldface type.

Full-length TDDS5 c¢cDNA was isolated as a 2,916-bp se-
quence that corresponds to the mRNA size on Northern blots.
After we obtained the full-length cDNA, our first attempt at
sequence comparison using BLASTN software (29) revealed that
this was a novel gene. The sequence comparisons conducted
recently have revealed that the full-length TDDS5 sequence is
highly homologous to the mouse cytoplasmic protein Ndrl
(more than 95% homology in both ¢cDNA and amino acid
sequences) and the human reducing agents and tunicamycin-
responsive protein (RTP; 80-85% and 90-95% homology in
cDNA and amino acid sequences, respectively). Ndrl was
identified as a gene downstream of N-myc with a GenBank
citation referring to an unpublished reference. Whether Ndrl
may mediate the function of N-myc in stimulating cell prolif-
eration or have other functions is currently under investigation.
RTP was identified as a homocysteine-inducible gene isolated
from human umbilical vein endothelial cells. The expression of
RTP has been proposed to be important to homocysteine-
induced vascular diseases, e.g., arteriosclerosis and thrombosis
(30). Although the physiological function of RTP remains
unclear, whether androgen may prevent the consequences of
homocysteinemia by suppressing the expression of RTP in
endothelial cells should be investigated.

A tissue distribution survey done by Northern blot analyses
indicated that TDDS is expressed almost exclusively in the kidney,
followed by much lower expression in the nervous system and
even less in almost all other tested organs. To date, several

androgen-inducible AR target genes have been identified from
kidney, e.g., ornithine decarboxylase (ODC), kidney androgen-
regulated gene (KAP), alcohol dehydrogenase (ADH), B-glucu-
ronidase (GUS), renal protein 2 gene (RP2), and renal cyto-
chrome P450s (for review, see ref. 31). Almost all of these genes
are expressed in the proximal tubule cells of the renal nephron.
The expression of RP2, ODC, GUS, P450V, and ADH are
induced by T and DHT (32). Due to their slow response, it does
not surprise us that androgen-responsive elements identified
cannot confer complete androgen responsiveness in reporter
gene assays (31, 32). Some other factors may be involved in the
regulation of these renal genes. On the contrary, the fast-
responding TDD5 may be a much better candidate to search for
androgen-responsive elements that can distinguish between T
and DHT. One may also argue that several mechanisms may be
involved in negative regulation of any gene expression. Direct
interaction between trans-acting factors and specific cis-acting
elements or indirect interaction, e.g., cytoplasmic sequestration of
transcription factors, blocking of transcription factor response
elements, direct inhibition of transcriptional factors by protein—
protein interactions, and interference with trans-activation of
DNA-bound transcription factors were proposed (for review, see
ref. 33). As yet, we do not have evidence to support or deny any
of them. However, because of the early response of TDDS5 to
androgens and also the transcriptional regulatory nature of AR,
we propose that some cis-acting DNA elements are responsible
to exert the T over DHT preference in target gene regulation.
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F1G. 6. Tissue specificity of TDDS expression in adult male mice.
C57BL/6 mice were sacrificed and several organs were collected.
Northern blots were performed with the 3’ most 288 bp of TDD5 as
probe. A computer-generated graph by the scanned Northern blot
done with PhosphorImager is shown. (Upper) Relative intensity of
TDD5-positive bands (mean = SD) collected from three blots. The
intensities of TDDS contributed from brown fat pad (as 100) were used
to normalize between blots. It should be noted that the first 17 organs,
followed by hypothalamus, adrenal, and urinary bladder (Upper)
correspond to the three Northern blots below (Lower). The 28S and
18S rRNAs found in total RNA preparation migrated to the positions
indicated. The bands hybridized with B-actin probe for within blot
normalization are shown at the bottom.

With our recent observation of ARA7y, which functions as an
AR-specific coactivator (26), we hypothesize that some AR
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Fic. 7. Expression of TDDS is consistently repressed by DHT
administration both in cells and in animals. (4) Northern blot quantifi-
cation of TDDS5 shown in Fig. 3B is replotted to compare to animal studies
(B and C). Results of TDD5 Northern blots from either kidney (B) or
thymus (C) obtained from 4-day orchiectomized mice are shown. (B and
C Insets) TDD5-specific bands (marked as TDDS5) and B-actin bands
(marked as Actin for normalization). The relative intensities of TDDS5
changes (plotted on the y axis) are calculated against the intensity of
normalized 1-hr point obtained from each group. A representative
experiment of two experiments on TDD5 mRNA changes during the time
course of DHT treatment (1, 2, 4, 8, 24, and 48 hr) is shown.
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coactivators may be involved in determining the T preference for
TDDS gene suppression. TDDS promoter studies should provide
us a better in vitro assay system to clarify different aspects of the
specific functions of T versus DHT. Compounds that can specif-
ically block the function of T or DHT may also be developed with
the help of these studies. With the high level of kidney expression
of TDDS, some kidney-specific androgen response elements for
the purpose of organ-specific targeting may also be identified.
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