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ABSTRACT. An inverted repeat with zero nucleotides in the spacer (IRGGGTCA CGAACT -3)

element was localized in the proximal promoter region of the mdi2-11gene, and characterized as

a functional retinoic acid response element (RARE). In gel mobility shift assays, heterodimers of retinoic
acid receptort (RAR,) and retinoid X receptof (RXRg) bound specifically to this element. Neither
receptor alone was able to bind to this element efficiently. The dissociation corntsgamtiih respect to
RAR—RXR binding was estimated to be 8 nM. The biological activity of this IRO element was assessed

in a heterologous reporter system. The IRO-containing reporter was induced by RA in COS-1 cells in the
presence of exogenously provided RABYd RXR;. In addition, the IR0 oligomers could be bound by
nuclear extracts isolated from COS-1 cells harboring the expression vectors for&HRXR;, but not

by extracts isolated from control COS-1 cells. RA responsiveness of this IRO was further confirmed in
P19 cells that expressed endogenous RARs and RXRs. Collectively, these data demonstrated, for the first
time, the presence of a natural RARE of the IR0 type, and suggested a potential cross-talk between nuclear
orphan receptor TR2-11 and RARXR families.

Nuclear receptors comprise a superfamily of transcription resulted in a drastic decrease in the level of TR2-11
factors, including receptors for steroid hormones (e.g., transcript, suggesting a regulatory role of retinoic acid (RA)
androgen, estrogen, and glucocorticoid) and nonsteroidin the expression of this gen&(, 11). We and others have
hormones (e.qg., retinoids, vitamin D, and thyroidk)3). It shown that homodimeric TR2 repressed promoter activities
is believed that upon binding to their lipophilic ligands, through several potential direct repeat-type response elements
nuclear receptors can regulate the activities of their target (12—15). Interestingly, unlike most nuclear receptors whose
genes through direct interaction with the cis-acting DNA repression activities are attributed to the recruitment of
element, which often consists of two half-sites of the core corepressor SMRT/N-CoR through their hinge regia, (
sequence, AGGTCA3( 4). Recently, a large number of 17), the repression domain of TR2 is localized in the very
putative receptors were cloned using low-stringency homol- C-terminus of this molecule. This C-terminal region is also
ogy screening, with no ligands identified, named orphan responsible for the interaction with its corepressor, RIP140
receptors§). Several potential ligands have been identified (18). Another unique feature of this receptor is its ability to
for some of the orphan receptors. These novel signaling heterodimerize with orphan receptor TRE), but not the
pathways include the biosensor receptor, steroid and xeno-common partner retinoid X receptor (RXRD)( These
biotic-sensing nuclear receptor (SXR9),(and oxysteroid observations suggest that novel ligand-independent actions
receptor LXR 7). In contrast, it has also been shown that of orphan receptors may be physiologically relevant.
some orphan receptors encode constitutive regulatory activi- In an attempt to understand the regulatory mechanisms
ties for transcription in transient transfection assays, and theyunderlying the testis-specific expression of HR2gene and
are categorized as activators such as HNF-4 and CAR, andhe potential role of RA in modulating its expression, we
repressors such as TR2, TR4, and COUP-Hys ( have recently identifie a 3 kb 5 upstream sequence of the

A mouse orphan receptor was isolated and characterizedmouse TR2 gene and characterized the activities of this
in this lab @), which appeared to be the mouse homologue regulatory region (manuscript in preparation). Within the
of full-length human TR2 orphan receptor, TR2-B). (The defined basal promoter, a highly conserved region containing
expression of this gene was most abundant in the adult mousen inverted repeat with zero nucleotides in the spacer (IR0)
testes, particularly in advanced germ cell®)( and was was found. To assess the biological function of this sequence,
affected by vitamin A homeostasis. Vitamin A depletion we carried out this study to dissect this element and
characterize its biological activities and receptor binding
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RAR, and RXR;, and could be bound specifically by 152 = = S111
RAR.—RXR; heterodimers with a high affinity in gel shift =~ Mouse = CCAAGCCGAG  GERG| GGGTCA - CGAACTICTGA  cocceatece
assays. Finally, the function of this IRO element was also ~ —_ o

examined in P19 cells that expressed endogenous RARs andfiGURE 1. Sequence comparison of a conserved IR0 element from

; the proximal promoter region of th&R2-11gene. Conserved
RXRs. It was suggested that this IR0 element could play an sequences are denoted with colons. The sequences of the IRO

important role in the cross-talk between TR2-11 and RA gjement are boxed and labeled with a pair of arrows. The numbers

receptor signaling pathways. (relative to the translation starting site) indicating the position of
this element correspond to the mouse sequence (Genbank accession
MATERIALS AND METHODS number U96095). The shortest &DNA end is labeled with an

asterisk. The position of human IR0-s77 to —88 relative to the
Electrophoretic Mobility Shift Assay and Scatchard Analy- major transcription initiation site2g).

sis. The mobility shift assay was conducted as described o _
previously (L9). Briefly, in vitro translated RA receptors were — reporter gene activity. COS-1 cells were used in cotransfec-
incubated with 1 ng of probe in 20L of binding buffer. tion experiments to determine the effects of exogenously
The probes were prepared by annealing oligonucleotides ancedded nuclear receptors on the reporter gene activity as
labeling the fragments withof-*2P]JdCTP using the Klenow  described previouslyl@). All-trans RA (at-RA) was used
enzyme. For competition experiments, 10 and 50 ng of in all the RA-treated cell culture experiments. Transfection
unlabeled oligomers were included in the reaction mixture. was conducted by using the calcium phosphate precipitation
The sequences used for gel shift are depicted in Figure 2A.method. LacZ and luciferase activities were determined as
The P1 (sequence shown in Construction of Reporter Genesglescribed previouslyl@). The relative luciferase activity has
and Expression Vectors), P2, and P3 oligos were designeddeen normalized to the activity of the internal control.
to be the same length with different residues mutated in P2 Triplicate cultures were used in each transfection experiment,
and P3. The dissected sequences, P4 and P5, are also depicté#d three independent experiments were conducted to obtain
in Figure 2A. For antibody-mediated supershift assayd, 1 ~ the means and standard errors (SEM) for all the transfection
of a 1:100 dilution of RAR. monoclonal antibody (Affinity experiments.
BioReagents, Neshanic Station, NJ) was included in the
reaction mixture. RESULTS

To determine the dissociation constak)( increasing Characterization of the IR0 Elemei@ur previous studies
amounts of labeled fragments containing this IR0 (primer ghowed a dramatic decrease in the level@R-11expression
P4), ranging from 0.0625 to 4 ng in a reaction solution of i the testes of vitamin A deficient micd @), suggesting a
20 uL, were incubated with a fixed amount of receptor yegylatory effect of RA on the expression of this gene.
proteins. The intensities of the bound and the free probesRecenﬂy, we have characterized tHedgulatory region of
were determined using a Phosphorimager. The bound:fregi,e mouseTR2-11gene and observed RA induction of this
ratio a_nd the bound value_ were used_ for the Scatchardgene in P19 cells (manuscript in preparation). By aligning
analysis. As a control, similar experiments were also {he ypstream sequence of the mouse gene with that of the
performed for the RARRXR binding to the DRS element  pman’s p3), we identified a highly conserved IR0 element
derived fromRARS promoter (sequence shown in Construc- jn the proximal promoter region, which could potentially
tion of Reporter Genes and Expression Vectors). function as a retinoic acid response element (RARE) (Figure

Gel shift assays using nuclear extracts were conducted1). Interestingly, the position of this element is adjacent to
similarly. In Figures 5 and 6, oligomer P4 was used in the the shortest 5cDNA end of the mous@R2-11identified
“wild-type” experiments while PS was used in “mutant”. via 5 rapid amplification of the cDNA end (5RACE)
Nuclear extract isolation was performed as described previ- experiment (Figure 1), while the position in the human gene
ously 0). The extract from a 10 cm dish of cells was is 77 bp upstream of the transcriptional initiation si@@)(
resuspended in a volume of &, and 4ulL (about 10ug To determine whether this IR0 could be a response element
of nuclear protein) was used in each gel shift reaction.  for RAR and/or RXR, gel mobility shift assays were first

Construction of Reporter Genes and Expression Vectors. carried out using a DNA fragment containing this IRO and
The heterologous reporter, IRO-tk-luc, was constructed by its flanking sequences. Radioactive DNA oligomers contain-
inserting the annealed oligomers (P1-GGGATCCAAGC- ing this conserved sequence were incubated with in vitro
CGAGGGTGGGGTCACGAACTCTGACCCCCATCCCCA- translated nuclear receptor proteins, separated by polyacryl-
AAACACAAACTCGAG-3') at theBanHl site upstream of ~ amide gel electrophoresis, and examined by autoradiography.
a thymidine kinase promoter that directed a luciferase As shown in Figure 2, RAR alone could not shift this element
reporter (tk-luc). The mIRO-tk-luc was similarly constructed, (lane 1) and RXR alone exhibited only negligible binding
with a mutant primer, P2, derived oligomer inserted into the (lane 2). In contrast, addition of RAR and RXR together
same tk-luc reporter. The DR5-tk-luc (DR5 sequente 5 resulted in obvious retardation of this fragment (lane 3),
AAGGGTTCACCGAAAGTTCACTC-3) was kindly pro- indicating a strong binding of this fragment by heterodimeric
vided by Dr. R. Evansl). The cDNAs for RAR, and RXR; receptors. Furthermore, the specific protedNA complexes

were each cloned into the pSG5 vector at Byl site for could be supershifted by the addition of an antibody against
expression in mammalian cells and in vitro transcription  RAR (lane 4).
translation reactions (for gel mobility shift assay). To further dissect the sequence responsible for RRKRR

Cell Culture and Transfection Techniqudhe P19 cell binding, mutation and deletion analyses of this sequence were

line, maintained as described previous®?), was used to  conducted. Mutation at the sequence corresponding to the
determine the effects of endogenous RA receptors on the5' half-site of IR0 resulted in a dramatic decrease in the level
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A P1:—AGGGTG GGGTCA CGAACT CTGACCC— RAR/RXR/ARD
P2: —-AGGGTE GGGoCc CGAACT CTGACCC-- cold probe
P3: —AGGGTG GGGTCA CGAACT CglglCC--- g
Pd: GTG GEGETCA CGAACT CTG 1 2 3 4
Ps: GTG GGGTCA aGtACa CTG

Ficure 3: Specific binding of RAR-RXR to the IR0 element.
Oligomer P4 (see Figure 2) was used in the competition experi-
ments. Lanes 2 and 3 contained reactions competed with a 10- and
50-fold excess of nonlabeled DNA fragments, respectively. In lane
FiGUReE 2: RAR,—RXR; heterodimers binding to the IR0 element. 4, oligomer P5 was used for competition.

(A) Sequences of the IR0 and its mutants used in the gel mobility

shift assay. The putative IR0 is labeled with a pair of arrows. The 2 and 3, respectively). However, the oligomer with tie 3
mutated residues are shown in lowercase. The complete sequence 5 f_site mutated (P5), even when present in a 50-fold excess,

of P1-P3 is described in Materials and Methods. (B) Gel mobility - -
shift assay showing binding of RARRXR heterodimers to IR0, WaS not able to efficiently compete for receptor binding (lane

The upper panel shows the receptor protein, antibody, and the4). In fact, a 10-fold excess of the wild-type oligomer was
labeled oligomers used in DNA binding reactions. The retarded able to compete as efficiently as a 50-fold excess of the

protein-DNA band is denoted with an arrow on the right, and the  mutated oligomer (comparing lanes 2 and 4) for binding.
supershifted band mediated by an anti-RAR antibody is denoted  g¢qichard analyses were performed to estimate the binding
with an asterisk. affinity of RAR—RXR for this dissected IR0 element.
of receptor DNA binding (lanes 5). In contrast, mutation at Increasing amounts of labeled IRO DNA fragments (fragment
its flanking sequence had no effect on receptor binding (lane P4, from 0.0625 to 4 ng in a total reaction volume of 20
6). Consistently, RARRXR binding was not affected by  uL) were incubated with a fixed amount of receptor proteins,
deleting most of its flanking sequences (lane 7). Moreover, and the reactions were resolved on an acrylamide gel as
the majority of nonspecific binding observed in the assays shown in Figure 4A. The intensities of the bound and the
using the long probe (lanes-B) was abolished when using free probes were quantified using a Phosphorimager. Figure
the smaller probe containing only the IR0 and three nucle- 4D shows the results of a Scatchard plot analysis. The
otides of each flanking region (lane 7). As expected, mutating calculated dissociation constait;f for RAR—RXR binding
the 3 half-site of IR0 also resulted in a drastically decreased to this element was approximately 8 nM, which was
level of RAR—RXR binding (lane 8). These results show comparable to th&y of RAR—RXR binding to the DR5
that the IR0 located in the proximal promoter regiomé¥2- derived from theRARS promoter (about 2 nM) (ref3 and
11 gene can be bound by RARRXR heterodimers. Figure 4C). Consistent with the result depicted in Figure 2,
Specific and High-Affinity Binding of RARRXR to the the Kq for RXR homodimer binding to this element could
IR0 ElementThe data shown above suggested that IR0 could not be determined, since its binding to IR0 did not reach
be a target site for RARRXR heterodimers. We then saturation at the highest concentration of oligomers, sug-
performed competition experiments to confirm the specificity gesting that RXR binds to IR0 with a very low affinity
of receptor binding to this element. Since oligomer P4 (Figure 4B). Collectively, these data show a specific and
exhibited the most specific binding pattern with RARXR high-affinity binding of RAR-RXR to the IR0 element.
(Figure 2, lane 7), this sequence was then used in this cold Biological Actwity of the IR0 ElementTo determine
competition and the following gel shift experiments. As whether the IR0 was a functional RARE in the context of a
shown in Figure 3, the RARRXR-retarded band was heterologous promoter, the dissected IRO was placed up-
competed out, in a dose-dependent manner, by the additiorstream of a tk-luciferase reporter, designated as IRO-tk-luc.
of unlabeled DNA fragments (10- and 50-fold excess in lanes For a control, a reporter carrying the mutated IR0, which
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activities in COS-1 cells. (A) RA induction of heterologous reporters
Ficure 4. High-affinity binding of the RAR—RXR; heterodimer containing IR0 from th&'R2-11gene promoter. The wild-type and
to the IR0 element. (A) Gel mobility shift assay with a fixed amount mutant IRO fragments were each placed at therisl of a tk-luc
of RAR—RXR receptor proteins incubated with increasing amounts reporter. Relative luciferase activities were determined by normal-
of labeled probe as indicated. (B and C) Negative and positive izing the luciferase activity to the lacZ activity (for transfection
controls, respectively, showing low-affinity binding of the RXR  control). White bars depict results from experiments without RA,
homodimer to IR0 and high-affinity binding of RARRXR to the and hatched and black bars depict results from experiments with
DR5 element (sequence in Materials and Methods). (D) ScatchardRA at different concentrations. The doses of the RARR
analysis for RAR-RXR binding to IR0. The intensities of the  expression vectors are listed in the lower panel. The fold induction
specifically retarded band (bound) and the band representing thewas calculated by comparing the relative luciferase activity of RA-
free probes in panel A were quantified using a Phosphorimager. treated cultures to that of control (no RA), and is indicated above
The resulting Scatchard plot is shown. The calculdtgdwas each corresponding bar. (B) Gel mobility shift experiment using
approximately 8 nM. nuclear proteins from COS-1 cells. Nuclear proteins isolated from

COS-1 cells transfected with either control or a mixture of RAR

cannot be bound efficiently by RARRXR (Figure 2B), was and RXR expression vectors were examined for DNA binding. The
' upper panel shows the expression vectors transfected in the cells

also generated, designated as mIRO-tk-luc. COS-1 cells were;ng the oligomer used (wild-type or mutant IR0). RA was added
cotransfected with either one of the two reporters, a control in the culture at a final concentration ofs5 107 M as indicated.
sv40-lacZ vector, together with either the control, or the RAR The retarded DNA band is denoted with an arrow.
and RXR expression vectors. As shown in Figure 5A,
addition of RAR and RXR expression vectors dramatically elements could not be induced by addition of RA and RA
increased the reporter activity in a ligand concentration receptors (Figure 5A, lanes 10 and 11). These results suggest
(columns 3-5)- and receptor dose (columns 5 and 7)- that the IR0 derived from the moudé&2-11promoter is a
dependent manner. An induction of more than 35-fold was functional RARE, and the induction of IRO-containing
observed when RAR and RXR expression vectors were eachreporter activity is mediated by ligand-bound RARXR
added in the amount of 50 ng (column 7). The wild-type heterodimers.
IRO-tk-luc was induced by RA for about 2-fold in the absence  |RO-Mediated RA Induction of Reporter Adty in P19
the exogenously added RARRXR (columns 1 and 2), Cells. RA has been shown to induce differentiation and
possibly due to the presence of some endogenous RARS apoptosis in P19 embryonal carcinoma ceBd-(27). The
RXRs in COS-1 cells. As excepted, the reporter containing expression oRARS is induced by RA in P19 cells through
the mutated IRO was not induced by RA (columnsid). a DR5-type RARE 21, 28) found in the proximal promoter
To examine whether RA induction of the reporter activity region of this gene. To assess the function of this IRO in a
in COS-1 cells was associated with the exogenously providedphysiological situation, i.e., to ask whether this IRO is
RAR—RXR, gel shift experiments were conducted to com- responsive to RA induction in cells that normally respond
pare shifted patterns of IR0 by nuclear extracts isolated from to RA induction and contain reasonable amounts of endog-
control COS-1 cells and cells transfected with RARXR enous retinoid receptors, P19 cells were used as a model
expression vectors. As shown in Figure 5B, nuclear extractssystem. Cells were transfected with either the IRO-tk-luc
from cells transfected with the control (empty) vectors had (wild-type reporter) or the mIRO-tk-luc (mutant reporter),
little DNA binding activity (lanes 1 and 2). However, nuclear together with a lacZ internal control vector, without adding
extract isolated from cells transfected with RARXR exogenous RARRXR. A luciferase reporter containing the
expression vectors exhibited an intense DNA binding signal DR5 derived from theRARS gene was included in the
(lane 3). Addition of RA only slightly increased the amount transfection assay as a positive control for RA response.
of receptors binding to the IR0 element (lane 4). Similar Following the addition of RA, cells were harvested at 12
results were obtained when the DR5 element was used (dataand 24 h and the reporter activities were determined. As
not shown). On the other hand, the extent of binding of shown in Figure 6, the activities of both IRO-tk-luc (columns
nuclear extract from RARRXR transfecting cells to the  1—4) and DR5-tk-luc (columns-912) were induced. Con-
mutated IR0 decreased dramatically (lanes 5 and 6). Thissistent with the results obtained from COS-1 studies, RA
observation was consistent with the transfection data in thatfailed to induce the reporter containing the mutant IRO
the activity of the reporter containing the mutated IRO (mIRO-tk-luc) (columns 58). In a parallel experiment,
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A B 11 minimal promoter are arranged as an imperfect palin-
L m..'#"_ dromic IRO GGGTCA CGAACT). A recent sequence
1 23 48 8 comparison study reveals that a third half-site is preséent 3
to this IR0, with a potential to form an “IR7"GQGGTCA

= . CGAACTC TGACCC; see Figure 1)30). However, no
experimental data were provided in this study. In our studies

presented here, the goal was to examine the biochemical

properties and biological activities of this IRO by using

Faiadi g Lisderass Actin by
g B2 k

FA i reporter and gel shift assays, respectively. By making point
3 mutations and deletion mutations, we have demonstrated that
LU b ey o the sequence corresponding to thénalf-site of the IR7 is
feesen M BE 2414 2810 not required for RAR-RXR binding (Figure 2), whereas both

b o et i s half-sites of the IR0 are essential for receptor binding and
T VAot o Y ettt “ RA responsiveness (Figures 2, 5, and 6). These data clearly

provide the evidence for the function of IR0, but not IR7,

Ficure 6: Activation of IRO-containing reporter by endogenous ,,: ;

RARs—RXRs in P19 cells. (A) The RA inducibility of heterologous V\;Ittf\lNres;]p(T]?t t? RA fr??sf\;rés?' Itis knfcl)wr_lbtlha:r:he ?r:ratngfetrr?ent
promoters containing a wild-type IR0, a mutant IRO (see Figure Or two hafl-sites 0 IS more fiexible than that or the
5A), or a DR5 derived from th®ARB gene were determined in  response element for steroid hormone receptors. While most

P19 cells without introducing exogenous retinoid receptors. White of the natural RAREs consisted of a pair of direct repeats
and black bars represent data from cells without and with RA wjth a spacer ranging from one to five nucleotid@)(
treatment (5x 10"’ M), respectively. RA induction of reporter gy erg| atypical response elements have been identified

activity was determined 12 and 24 h after drug administration. (B) | h f hicken | d
Gel mobility shift experiment using nuclear proteins from P19 cells. "€cently, such as an IR6 from chicken lysozyme gene an

The upper panel shows the oligomer used (wild-type or mutant myelin basic protein gen&{) and an everted repeat (ER) 8
IRO). RA was added to the culture at a final concentration 6f 5  from they F-crystalline gene32). For IR0, it has only been

1077 M as indicated. Lanes 3 and 6 contained free probes of the gemonstrated by using a synthetic DNA fragme8, @3).
wild-type and mutant oligomers, respectively. The retarded band - jyentification of the first natural IRO derived from the
is denoted with an arrow. i

TR2-11gene adds a new category to the polymorphism of
the natural RAREs.

nuclear extracts of P19 cells were isolated 24 h after RA or )
In our other study, we have characterized the 3 kb

vehicle treatment so their DNA binding activities could be . ,
examined in a gel shift experiment. A drastically increased regulatory region Of. t_he mou@Z-_llgene and def'nEd the_
IRO binding activity was observed for the RA-treated nuclear 22Sal promoter activity (manuscript in preparation). In this
extracts (Figure 6B, compare lane 1 to 2), and this DNA GC rich, proximal region, no TATA box was found. By using
binding activity was almost completely abolished when the > RACE approaches, we have identified multiple transcrip-
mutated element was used (lanes 4 and 5). These resultdion initiation sites of the mouseR2-11gene. Intriguingly,
correlated well with the RA responsiveness of reporter genest® Shortest ScDNA end found is located within the IR0

in the transient transfection assays. These data show that IR@!ément (Figure 1). However, the location of IR0 in the
is also a functional RARE in the context of P19 cell human gene is 77 bp upstream from the mapped major
physiology. initiation site, a position similar to that of the DR5 RARE

in the RARS gene proximal promoteBd). This IR0 element
DISCUSSION appears to be the only potential RARE in the 3 kb upstream
sequence of both mouse and human species by computer
An IR0 element was found in both the mouse and the analysesZ3). From promoter deletion studies, our previous
humanTR2-11gene promoters. Gel shift assays demonstratedresults also showed that sequences of TiR2-11 basal
the specific binding of this element by RAFRRXR het- promoter (212 bp upstream from the translation starting site
erodimers, as well as the requirement of both half-sites of and 83 bp upstream from the shortestBNA end), which
this IRO element in retinoid receptor binding. Scatchard contained the IR0, were sufficient for the activation by
analysis revealed that RARRXR bound specifically to IR0 ligand-bound RAR-RXR (manuscript in preparation). While
with a high affinity (estimatedq of 8 nM). The activity of  the precise position of IR0 relative to the transcription
a heterologous promoter containing the wild-type IRO initiation site could not be defined because of the presence
element, but not the mutated element, was induced by RA of multiple transcription initiation sites in this promoter, this
in the presence of exogenous RA receptors in COS-1 cellselement must be close to the binding site for the basal
or endogenous RA receptors in P19 cells. Consistent with transcriptional machinery so that RARXR can physically
these results, only the wild-type IR0 element can be bound interact with the components of transcription machinery, as
by RA receptor-containing nuclear extract from either cell shown in another study3p).
line, suggesting that IR0 is a functional RARE in vivo, and  Although RA can induce the IRO-containing reporter
the induction of reporter activity by RA is mediated through activity in RAR—RXR transfected COS-1 cells, it did not
direct RAR-RXR binding to the IRO element. significantly increase the DNA binding activity of RAR
The conserved (Pu)G(G/T)TCA half-site sequence is found RXR to the IR0 element (Figure 5, lanes 3 and 4). This
in most of the RARES that have been identified. Most of observation agrees with the current model for ligand-
the reported RAREs are in a head-to-tail (direct repeat) dependent transactivation and ligand-independent transre-
orientation such as DR5 frolRARS and DR1 fromCRBP pression by nuclear receptoss( 17, 36—38), in which the
Il (29). Interestingly, the two half-sites located in th&2- ligand binding-induced conformational change facilitates the
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release of corepressors from, and recruitment of coactivators 12.

to, receptors. The RA-induced DNA binding activity of P19

nuclear extract (Figure 6, lanes 1 and 2) is likely due to the

increased level of RA receptor expression, such as the/RAR
gene R1, 28, 34), as a result of RA treatment. Our recent
data have indicated that the endogendR2-11mRNA level

is moderately induced by RA treatment as compared to that

of the RAR3 gene in P19 cells (manuscript in preparation).
Consistent with this observation, the induction level of IRO
containing reporter activity (IRO-tk-luc, 6.5-fold) is weaker
than that of DR5 containing reporter activity (DR5-tk-luc,
11-fold) in P19 cells. With a highly competitivi€y of this
IRO (as compared to DR5) for RARRXR binding, it is

tempting to speculate that other nuclear factors in P19 cells

may be involved in modulating the effects of RA on this
IRO. It is possible that coregulators that interact with holo-
RAR—RXR occupying this IRO can be involved in the
manifestation of RA effects on this element. In the future, it

would be interesting to address how coactivators may

differentially interact with RAR-RXR with respect to

binding to the IR0 and other response elements such as DR5.
The physiological roles of several orphan receptors have

been revealed in gene-knockout mi@&. (Studies in which

various biological systems have been employed suggest that
the biological functions of TR2-11 are most relevant to the 2g,
RA signaling pathways. For instance, TR2-11 regulates
several genes that are also RA-target genes by interacting

with common response elemeni®(13, 15). Furthermore,
TR2-11 utilizes RIP140 as a corepressi#)( while RIP140
is also a coregulator of RAR and ER9 40). In this study,

we

TR2-11promoter. This study extends our current understand-
ing of cross-talk between these two nuclear receptor families,

have identified a functional IRO-type RARE from the

and suggests a potentially important role of TR2-11 in
vitamin A action.
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