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TITLE OF THE INVENTION

Peripbaral-type Benzodiagzepine Receptor Associated
Proteins, Clening, Bepresszion and Methods of Use

Field of the Inventien

The pregent invention relates to nucleic acid
molecules encoading peripheral-type benzodiazepine
redeptey (PBR) assogciated proteins (PAPs}, including
mutants, variante, fragments and derivatives thereof,
and to vectors and hast cells comprising such nucleic
acid molecules; methods of using PAPs; method for
screening for inhibitors and activators of PAPs or
PBR; and kits comprising the compositions or
polypeptides of the invention.

Background of ention

The peripheral-type benzodlazepine receptor (PBER)
was orlginally discovered bhecause it minds the
benzodiazepine diazepam with relatively high affinity
{Papadopoulos, V. 1993, Endocr. Rev. 14:222-240).
Benzodiazepines are amcng the most highly prescribed
drugs due to their pharmacolegical acticns in
relieving anxiety mediated through modulating the
activity of y-aminobutyric acid receptars in the
central nervous system (Costa, B. and Guidotti, A,
1979, Annu. Rev, Pharmacol. Toxicol. 19:531-54%). PBR
is ancther class of binding sites for benzodiazepines
distinct from the aforementicned neurctransmitter
receptors. Further studies demonstrated that in
addition to benzodiazepines, PBR binds other classes
of organic compounds with bigh affinity (Papadeopoulos,
1853, supra). PBR, although present in all tissues
examined. was found to be particularly high in steroid
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producing tissues, where it was primarily localized in
the outer mitochondrial membrane (OMM) {Anholt, R.R.H.
et al. 1886, J. Biol. Chem. 261:576-583]. An 18 kDa
isoguinoline-binding protein was identified as PEBR,
cloned and expressed (Papadopoulos, Vv, 1998, Proc Soc.
Exp. Biol. Med. 217:130-142}). It was then demonstrated
that PBR is a functional component of the
steroidegenic machinery (Fapadopoulos, 1398, supra:
Papadopoulos V. et al. 18%0, J. Biol. Chem. 265:3772-
3779) mediating cholestercl delivery from the outer to
the inner mitochendrial membrane (Krueger, K. E. and
Papadopoulos, V. 1990, J. Biol. Chem. 265:15015-
15022} . Further studies demonstrated that
pharmacologically induced reduction of adrenal PER
levels in wive resulted in decreased circulating
gluceceorticoid levels (Papadopoulos, V. 1998, suopra).
In addition, targeted disruptien of the PER gene in
Leydig cells resulted in the arrest of cholestercl
transport into mitochondria and stercid formation;
transfection of the wmutant cells with a FBR cDNA
rescued stercidogenesis (Papadopoulos, V. et al. 1597,
J. Biol., Chem. 272:32128-3213%).

PER is extremely abundant in steroidegenic cells
and found primarily on outer mitochondrial membranes
{Anholt, R. et al. 1986, J. Bisl. Chem. 261:57€6-583).
PBR is thought to be associated with a multimeric
complex composed of the 18-kDa isocuineline-binding
protein and the 34-kDa pore-forming voltage-dependent
anicn channel protein, preferentially located on the
cuter/inner mitochondrizl membrane centact sites
{McEnery, M. W. et a&l. Froc. Natl. Acad. Sci. U.5.A.
B9:3170-3174; Garnier, M. et al. 1994, Mol. Pharmacol.
d45:201-211; Papadopoulos, V. et al, 1954, Mol. Cel.
Fodecr. 104:R5-RI}. Drug ligands of PER, upen binding
to the receptor, simulate steraild synthesis in

JP 2004-500009 A 2004.1.8
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stercoidogenic cells in vitro (Papadopoulos, V. et al.
193G, J. Biel. Chem. 265:3772-3779% Ritta, M. N. et
af. 1989, Neurcendocrinclogy 49: 262-266; Barnea, E.
R. a2t 21. 1989, Mol. Cell. Endocr. £4:155-153;
Amsterdam, &. and Suh, B. 5. 1991, Endocrinolcoy
128:503-510; vanagibashi, K. et al. 198%, J. Biochem.
{Tokyo) 106: 1026-102%). Likewise, in vive studies
showed that high affinicy PER ligands increase steroid
plasma levels in hypophyzectomized rate (amri, H. et
al. 1996, Dndocrinology 137:3707-5718). Further in
vitre studies on isclated mitochendria provided
evidence that PBR ligands, drug ligands, or the
endogenouz PBR ligand, the polypeptide diazepam-
binding inhibiter {(BDI) (Papadopoulos, V. =t al. 1237,
Stercids 62:21-28), stimulate pregnenolone formation
by increasing the rate of cholesterol transfer from
the outer to the inner mitechondrizl membrane
{Krueger, K. E. znd Papadopoules, V. 1590, J. Biol.
Chem. 265:153015-15022; Yanagibashi, ¥. et al. 1938,
Endocrinelogy 123: 2075-2082; Besman, M. J. =t al.
1889, Proc. Natl, Acad. Sci. U.5.&. 86: 4B97-4%01;
Papadopoulos, V. et ai. 1991, Bndocripology 128: 1481-
1488) .

Based on the amine acid sequence of the 18-kDa
FER, a three dimensional model was developed
(Papadopoulos, V. 1996, In: The Leydig Cell. Payme, A.
H. et al. (eds) Cache River Press, IL, pp 5%6-628).
This model was showm to accomodate a cholesterol
molecule and function as a channel, supporting the
role of PBR in cheolestercl transport. Recently we
demonstrated the role of FBR in steroidegenesis by
generating PER negative cells by homologaus
recombination (Fapadopoulos. V. et al. 1997, J. Biol.
Chem. 272:32129-32135} that failed to produce
steroids. However, addition of the hydroscluble
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analogue of cholesterol, 22R-hydroxycholesterol,
recovered sterolid production by these cells,
indicating that the cholestercl transport mechanism
was impaired. Further cholestercl transport
experiments in bacteria expressing the 18-kDa PER
protein provided definitive evidence for a function as
a cholestercl channel/transporter (Li and
Papadopoulos, 1938, Endocrinclogy 139, 4991-4997)
Studies in a number of bumors such as rat brain
containing glioma tumors (Richfield, E. K. et al.
1988, Neurology 38:1255-1262), colonic adenccarcinoma
and ovarian carcincma (¥atz, Y. et al. 1988, Eur. J.
Pharmacel. 148: 483-484 and Katz, Y. et al. 1890,
Ciinical Sci. 78:155-158) have shown an abundance of
peripheral-type benzodiazepine receptorsz (PBR)
compared to normal tissue. All documents cited herein
infra and supre are hereby incorperated in their
entirety by reference thereto. Moreover, a 12-fold
increase in PER density relative to normal parenchyma,
was found in human brain glioma or astrocytoma (Cornu,
P, et al. 1932, Acta Neurochir. 119:146-152}. The
authors suggested thabt PBR densities may reflect the
proliferative activity of the receptor in these
tissues. Recently, the involvement of FER in cell
proliferation was further shown (Nesry, J. T. et al.
1995, Hrain Research 675:27-30; Miettinen, H. et al.
1995, Cancer Research 55:2631-28335), and its
expression in bwnan astrocytie tumors was found to be
associated with tunor malignancy and proliferative
index [Miettinen, H. ef al. supra; alho, H. 1994, Cell
Growth Different. 5:1005-1014) . Characterizatiomn of
PER in human breast cancer biopsies. led to the
discovery that the invasive and metastatic ability of
numan breast tumor cells is proportional to the leval

of PBR expressed, and correlates with the subcellular
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localization of PBR in these cells in that PER is
found primarily in the nucleus in agyrecsive tumor
cells whereas PBR is found primarily in the cytoplasm
of invasive but non-aggressive cells. These changes
in PBR expression can be used as a tool for detection,
diagnosis, preventicn and treatment in breast cancer
patients, in particular, and in aggressive solid
tumors in general.

Since both PBR and itz endogenous ligand, the
polypeptide diazepam binding inhibitor, are
censtitutively expressad in steroidogenic cellz, the
regulation of PER function by hormomes may be due to
its association with other proteins. Thisg interacticn
may result in the initiation of stercid bilosynthesis.
Thexefore, there is a need to identify proteins which

associate with PBR and may modulate PBR function.
Summary of the Invention

The present invention mests the need described above.
We have identified PBR associated proteins (PAPs) that
interact with PBR using the two-hybrid system. We
used FBER as a bait to screen a mouse testis cDNA
library. Five clenes were isclated by their ability
to interact with PBRE: PAP3, PAP7. PAPE, PRPLS, and
PAP20. Among the nuclectide secuences identified,
PRP3 was identical to the previously isclated megil
pretein (Don, . and Wolgemuth, D. J., 1892, Cell
Crowth Differ. 3, 495; Ever, L. et al., 1399, Cell
Growth Differ. 10, 19-26). FPAP7, PAP3, PAPL:, and
PLP2D are novel secuences accerding te a search in the
Genebank database which did not find a match for these
sequences. PAP7 arnd PAFL7 are different clones of the
same novel protein product. All PAPs have fFabty

acylation (myristoylation} sites and PRC
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phosphorylation sites. 1In addition, PAP20 has a PEA
phosphorylation site. The distributicn and function
of the PAPs, as well as their functional relationship

to PBR is under investigation.

So far, the distribwtion of PAP? in major mouss
tissues such as brain, testis, ovary. adrenal, Kidney
and muscle showed a profile similar to the broader
aexpression pattern of PBR, with an expression level
paralleling the steroidogenic ability of the tissus.
These data imply a role for these PAPs in the
regulation of PBR function, serving as endogenous

ligands or allesteric modulators of the receptor.

Therefora, it ig an object of the present
invention to provide novel DNA fragments encoding PBR
associated proteins, FAPZ (SEQ ID NO:1), PAP7 [SEQ 1D
NO:2) and Genbank accession no. AF022770, PABS {SEQ ID
NO:3}, PAPLS {SEQ ID NO:4}, and PAPZ0 (SEQ ID NO:5}
GenBank accession no. AFJ20338. The DNA fracment is
useful as a diagnestic agent for detection of nucleic
acid secquences encoding PER-associated proteins, as an
agent for preparation of the protein encoded by the
DNA, for the preparation of sequences encoding PAPs,
whether oDNA or genomic, and as therapeutic agents.

It is ancther object of the invention to provide
an amino acid seguence for PAPs encoded by the DNA
sequences described akbove.

It is ancther object of the invention to provide
a recombinant vecter comprising a vector and the abowve
described DNA fragments

It is a further chject of the present invention
to provide a host cell transiormed with the above-
described recombinant DNA ceonstruct.

JP 2004-500009 A 2004.1.8
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It is another object of the present invention to
provide a method for preducing PARPs which comprises
culturing a host cell under conditionse such that the
above-described THNA fragment is expressed and a PAP is
thersby produced, and isolating the PAP for use ag a
reagent, for example for screening drugs and
inhibitors of PBR or the PAP itself, for diagnosis,
and for therapy.

Tt is a further object of the present inventien
to provide an antibody to the above-described
recombinant PAPs,

It is yet ancther object of the present invention
to provide a method for detecting any of PAP3I, PAET7,
FAP8, PAF1S, or PAPID in a sample comprising:

(1) contacting a sample with antibodies which
recognize any ohe of the PAPs menticned abowve; and

(i1) detecting the presence or absence of a
complex formed between the PAP and entibodies specific
therefor.

It is a further cbject of the present invention
to provide a diagnostic kit comprising an antibody
against PAP and ancillary reagents suitable for use in
detecting the presence of PAP in cells, tigsue or
serum from yeast, mammals, animals, birds, fish, and
plants.

Tt is yet another cbject of the present invention
to provide a method for the detection of PAP from a
sample using the polymerase chain reaction.

It ig a further object of the present invention
to provide 2 dimgrostic kit comprising primers or
oligonucleotides specific for PA® RNA or cDNA suitable
for hynridization te PAP RNA or cDNA and/cr
anplification of PRP sequences and ancillary reagents
suitable for use in detecting PAP RNA/cOMA in
mammalian tissue.

JP 2004-500009 A 2004.1.8
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It is yet ancther object of the present invention
to provide a method for the detection of a PAP in a
sample which comprises assaying for the prasence or
absence of PAP RNA or cDNA in a sample by
hybridization aseays.

It is an object of the present invention to
provide a method for the measurement of FBR in a
sample. The method comprises measuring the presence
of a PAP complexed with PER.

It is yet another object of the present invenrciom
to provide a method for modulating the function or
altering the targeting of PBR by increasing or
decreasing interaction of PBR with a BAP. FPBER
funetions which can be modulated include cholesterol
transport into the cell, steroid produetion, cell
proliferaticn, and embryogensais,

It is still another object of the present
invention te provide a methed for increasing or
decreasing FBR function or expression in a cell by
providing into the csll & PAP such that PER function
is increased ox decreased.

It is yet ancother object of the present invention
to provide a method for increasing or reducing
steroidogenesis by altering the level of PAP in said
cell.

It is still another cbject of the invention te
provide a therapeutic method for the treatment or
amelicration of diseases resulting from increased cell
proliferation resulting from aberrant PBR function or
expression or localization, said method comprising
providing to an individual in need of such treatment
an effective amount of a PAP, in a pharmaceutically
acceptable diluent, of =z PaP such that the aberrant
PER expression, function or localizabion, is
corrected.

JP 2004-500009 A 2004.1.8
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It is another object of the present invention to
provide a therapeutic methed for the treatment or
amelioration of diseases resulting from decreased cell
proliferation, said method comprising providing to an
individual in need of such treatment. an effective
amount of PAP or an antibody against PAP or an agent
which inhibits PAP expression or functien in a
pharmaceutically acceptable excipient.

Tt is another ohject of the present invention to
provide a therapeutic method for the treatment or
amelioration of diseases resulting from decreased or
increased steroidogenesis, said merhod comprising
providing te an individual in need of such treatment
an effective amount of a PAP or an antibody against
FAF or an agent which inhibits orxr activates PAP
expression or functicn in a pharmaceutically
acceptable diluent .

It is yet & further aobject of the present
invention to provide a cDNA sequence encoding FAPs and
vectors incorporating all cor & fragment of said
sequence, and cells, prekaryetic and eukarvetic,
cransformed or transfected with said vectors. for use
in screening agents and drugs which inhibit expression
or function of FAPs or PBR in such cells.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other faatures, aspects, and advantages
¢f the present invention will become better understood
with reference to the following description and
appended claims, and accompanying drawings where:

Figurae 1. PAPT piotein expressed in Mall mouse
Leydig tumer cells. (&) Western blot. (B),
Immunocytochemistry .

Figurs 2, PAP? mRNA Tissue distribution
analysiz by Dot blot analysis.  {A), a Master blot

JP 2004-500009 A 2004.1.8
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containing 100-500 ng of poly(A)+ RNA from mouse
tissues were hybridized at high stringency wirh a **p-
labeled PAPT probe as described under "Materials and
Methods. " The avtoradiogram was exposed overnight.
(B), demsitometric analysis of PAPT expression.

Figure 3, PAP7 tissue distribution analysis by
Northern blet analysis. {(A), Morthern blot analysis
was performed using 20 yg of total ENA/lane from
different mouse tissues as indicated. The blot was
hybridized at high stringency with a *P-labeled PAR7
probe &5 described under “Matarials and Methodz". The
autoradiogram was exposed overnight. (B),
Densitometric analysis of PAP7 sypression.

migure 4. PBR tissue distribution analysis by
Noxthern blot analysis. {A), Northern blot analysis
was performed using 22 Hg of total ENA/iane from
different mouse tissues as indicated. The blot was
hybridized at high stringency with a *P-labeled FBR
probe as described under "Materials and Methods". The
autoradiogram was expoesed overnight. (B), For
Northern blot analysis, blots were guantitated by
densitometry.

Figure 5. Immunchistological staining of mouse
tissues wikh anti-PAP7? antibody.

Figure 6. The effect cf PAP7 on Stercid
Piosynthesis. Progesterone formation in MA-10
stimulated by hiG (A), for different time course {(RB).
The results shown represent the means + 5.D. from 2 ke
B independent experiments.

Figure 7. PAP3 nmRWA Tissus distribution
analysis by Dot blot analysis. (A), a Master blot
containing 100-500 ng of poiy(A)+ EMA from mouse
tissues were hybridized at high stringency with a ¥p-
labeled PAF3 probe as described under "Experimental

JP 2004-500009
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Procedures. " The autoradiogram was exposed overnight.
(B), densitometric analysis of PAP2 expression.
Figure 8. PAP20 mRNA Tissue distribution
analysis by Dot hlot analysis. (A), a Master biot
containing 100-500 ng of poly{al+ RNA from mouse
tissues were hybridized at high stringency with a *p-
labeled PAF2Z) probke as described under "Experimental
Procedures." The autoradiogram was exposed overnight.

{B}. densitometric analysis of PaP20 sexpression.

OETAILEDR DESCRIPTIQN
The five PAPs described in this application ware

digcovered using a two-hybrid assay. The two-hybrid
assay iz a yeast-based genstic assay used to detect
protein-protein interactions in vive. A positive
result obtained with the two-hvbrid assay allows rapid
identification of genes encoding proteins that
interact with a target preotein. In additiaon the twa-
hybrid assay is a sensitive method for detecting weak
and transient interackions, which are probably the
norm in large native complexes. Most notably, because
the two-hybrid assay is performed in vive, the
proteins involved are more l1ikely to be in their
native conformations.

The two-hybrid assay is based on the fact that
many sukaryotic transcriptional activators consist of
two physicelly separable modular domains: one acte as
the DMNA-binding domain. while the other functions as
the transcriptional activatior domain. The DNa-
binding domain localizes the transcription factor to
specific DNA sequences present in the upstream region
of genes that are regulated by this factor, while the
activation domain contacts other components of the
trangcription machinery required to initiate

transcripticn. Both domains are required f£or normal
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activation functioning, and normally the two domains
are part of the same proteim.

In our PAPs screening experiment, the MATCHMAKER
Two-Hybrid System from CLONTECE was used. In the
MATCHMAKER System, sequences encoding the two
functional domains of the GALd transcriptional
activator have been cloned into two different
shuttle/expresaion vectors (pGBTS and pGADLO) . The
BGETS hybrid cloning vector is used to generate a
fusion of the GALZ DNA-binding domain with PER
protein,  The pGADIC hybrid clenipng vector is used to
generate a fusion of the GAL4 activation domain with a
collection of random proteins in a fusion mouse testis
library [(CLONTECH). Both hybrid proteins are targeted
to the ysast nucleus by nuclear localization seguences
that either are an intrinsic part of the CGALZ DNa-
binding domain or have been added tu the activation
domain from a hetercologous source. If PER protein and
an unknown protein or proteins interact with each
ather, the DWA-binding domain of GAL4 will be tethered
to 1te transcriphtional activation domain, and the
proper functien of the tranmscripticn of an appropriate
reporcer gene (lacf or HIS3) containing upstream GAL4
binding sites is used to indicate inreraction between
the two proteins. This allows a positive selection for
¢lones that are transformed by two interacting hybrid
constructs and makes library screening more convenient
and practical. After a positive clone has been
identified, the gene corresponding to the interacting
protein was seguenced using the seguencing primers
provided in the kit.

In one embodiment, the present invention relates
to a DNA or ¢ONA seguence encoding PBR associated
proteins [PAPs). Five clones were isolated, PAP3,
comprising 568 bp and identified in SED ID NO:1 {(Don,

JP 2004-500009 A 2004.1.8
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J. and Wolgemuth, D. 3., 1992, Cell Crowth Differ. 3,
483; Ever, L. et al., 1%9%, Cell Growth Differ. 10,
1%-26 ) which encoades a peptide of §3 amine acids
identified in SEQ ID NO:6: PAPY, comprising 577 bp
sxtending from §36 Lo 1164 of the sequence identified
in SEQ ID NG:2, which encodes a polypeptids of 363
amino acids, identified in SEQ ID NG:7: PAPE,
comprising 568 hp identified in SEQ ID NO:3, which
encode a polypeptide of 190 amino acids, identified in
SEQ ID NGQ:8; PAP1S comprising 430 bp ldentified in SEQ
ID NO:d4, which encode a polypeptide of 164 amine
acids, identified in SEQ ID N0:9; and PAP20 comprising
588 bp identified in SEQ ID WO:5, which encode a
rolypeptide of 196 aminec acids, identified im SEQ ID
HO: L0,

PAP3 hags been identified as the previously
isolated meg 1 protein.

PAF7 and PAPL? are different clonec of the same
novel protein product. Additional PAP7? seguence has
keen obtained using the 57, 3'RACE system (CLONTECH}
and the near full-length gene is identified in SEQ ID
NO:2 including the stop coden and sone untranclated
sequence at the 3' end. The polypeptide encoded by
the DNA sequence would have a calculated wolecular
waight of about 50 KD. Using an PAP? antibody
produced from the initial iscolated DNA fragment of 577
bp, a protsin of about 52 kD is immuncprecipitated as
shown in the Examples below. Analysis of the protein
sequence indicates several concensds sequences and
important sites such as: two potentiai myristovlation
sites at positions 282-267 and 271-276 of SED ID NO:7
and five PKC phosphorylation sites at 395-396, 113-
115, 255-237, 280-2382, 331-333, and 339-341 of SEQ ID
NGQ:7,. an Acyl-Ce-A site at position 24-108 of 820 ID
NGQ:7, a nuclear localization domain at position 150-
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1687 of BEQ ID MNO:7, a troponin site at position 28-247
of SEQ ID NO:2 and an HSP90 domain at pesition 126-155
of SEQ ID NO:7. The distribution and expression of
PAF7 were examined in major mousge tisspes such as
brain., testis, ovary, adrenal, and kidney, as well as
in tigsue culture cell lines such as mouse C6 glioma
cells, MA-10 Leydig cells, and Y1 adrenal cortical
cells. The PAP7 expressicn pattern is similar to the
broader expression profile of PBER in both tissues and
cell linee involved in stercid biosynthesis.
2dditionally, both PBR and PAP7 expression level in
the cell lines correlated with their steroidogenic
biosynthesis ability, which suggests that PAF? may be
involved in stercid biosyntheszsis through FPER.

PAP 8, PAPL15, and PAP2Q, are novel genes. The
polypeptide encoded by FAPZ0 has two potential
myristoylation sites, one PEC phesphorylation site and
one PRA phosphorvlation site. Protein myristoylation
enables the protein to attach Lo the callular membrane
and thus take part in cell signaling (Casey, P.J.
1995, SBcience 268, 221-225; Boutin, J. A. 11997, cell
Sigumal 9, 15-35). PAP2D is predominantly expressed in
the testis. Interaction of PER with PAP20 increased
the affinity of ligand binding using PK11185 asz a
ligand. Therefore, it is likely that PAPZ0 serves to
inerease or decrease PERR function by madulating PBR's
affinity to its endogenous ligand, DBI. The tissue
distribution of PAP3 and PAPI0 is showm in Figure 7
and Figure 8§, respectiwvely.

Thus., one aspect of the invention provides an
isolated nucleic acid molecule comprising a
polynucleotide having a nucleotide sequence selected
from SEQ ID NO:1-9 encoding PAFs polypeptides. It is
within the skill of a person with erdimary skill in

the art to use the sequences provided herein for the
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puzpose of cloning cDNA or genomic seguences which
encode other parts or complete portions of the Fap
genes described herein and thersfore, these related
sequences are encompassed within the present
invention.

In addition, isolated nucleic acid molecules of
the invention include DNA molecules which comprise s
sequence subatantially different from those described
ahove but which, dus to the degeneracy of the genetic
cods, still encede PAPs. Of course, the genetic code
and species-specific codon preferences are well known
ir the art. Thus, it would be routine fer one skillsd
in the art to generate the degenerate variants
described above, for instance, to optimize codon
expression for a particular hest {e.g., change codons
in the human mRNA to those preferred by a bacterial
hest such ag E.celi or plant host).

Nucleic acid molecules of the present invention
may ke in the form of ENA, such as mRNA, or in the
form of DN&, including, for instance, cDNA and genomic
DHA obtained by cloning or produced synthetically.

The DWA nay be double-stranded or single-stranded.
Single-stranded DNA or RNA may ke the coding strand,
also known a&s the sense strand, or it may be the non-
coding strand, also reterrad to as the anticense
strand.

By "isclated” mucleic acid molecule(s) is
incended a nucleic acid molecule, DNA or RNA, which
has been removed from its native environment. For
example, recombinant DNA molecules contained in a
vector are considered isolated for the purposes of the
present invention. Further examples of isolated DNA
molecules include recombinant DNA molecules maintained
in heterclogous host cells or purified (partially or

substantially) DNA molecules in solution. Isclated
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RMA molecules inclode in vivo or in vitro RNA
transcripts of the DNA molecules of the present
invention. Iseclated nucleie acid molecules according
to the present invention further include such
molecules preduced synthetically.

The present invention is further directed to
nucleic acid molecules encoding portions or fragments
of the nucleotide sequences described herein.
Fragments include porticns of the nucleotide sequences
of at least L0 contiguous nuclectides in length
selected from any two integers, one of which
representing a 5' nucleotide position and a second of
which representing a 3’ nucleotide position, where the
first nuclectide for each nucleotide seguence is
pogition 1. That is, every combination of a S’ and 3¢
nucleotide position that a fragment at least 10
contiguous nucleoctide bases in length or any integer
between 10 and the length of an entire nucleotide
sequence minus 1.

Furthexr, the invention incliudes polynuclectides
comprising fragments specified by size, in
nuclectides, rather than by nucleotide posivions. The
invention includes any fragment size, in contiguocus
miglectides, selected from integers between 1- and the
enktire length of an entire nuclectide sequence minus
1. Preferred sizes include 20-50 nuclectides, 50-300
nucleatides useful as primers and probes. TRegions
from which typical seguences may be derived lnclude
but are not limited te, for example, regions enceding
specific epitopes or domaing within said sequence, for
example, the PER binding domain extending in SEQ ID
NO:1, 2, 3, 4, and 5, potential myristoylation sites
at positions 262-267 and 271-276 of SEQ TD NO:7 and
five PEC phosphorylatican sites at 395-3%96, 113-115,
255-257, 2B0-282, 331-332, and 339-341 of SEQ ID NO:7,
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an Acyl-Co-3 s5ite at position 24-108 of SEQ ID NO:7, a
nuclear localization domain at position 150-167 of SEQ
ID NO:7, a troponin site at position 98-247 of SEQ ID
N0:7 and an HSPI) domain at position 126-155 of SEQ ID
No:7, among others.

In another aspect, the invention provides
isolated nuclelc acid molecules comprising
polyrucleotides which hybridize under stringent
hybridization conditions to a polynucleotide sequence
of the present invention deseribed above, or a
specified fragment thereof. By "stringent
hybridization conditions” is intended overnight
incubarion ac 42°C in a soluticn comprising: S0%
formamide, 5X S5C {150 mM NacCl, 15 mM trisodium
citrate), 50 mM sedium phosphace (pH 7.6), 35X
Dephardt’'s solutien, 10% dextran sulfate, and 20 g/ml
denatured sheared salmon sperm DNa, followed by
washing the filters in 0.1X 58C at about 65°C.

The sequences encoding the polypeptides of the
present inventilon or portions therecf may bs fused to
other seguences which provide additional functions
knowm in the art such as a marker sequence, or a
sequence encoding a pepbide which facilitates
purificarion of the fused polypeptide. peptides having
antigenic determinants known to provide helper T-cell
stimunlation, peptides encoding sites for post-
translational medifications, or aminc acid sequences
which target the fusiocn protein to a desired lecation,
&.g. a heterclegous leader seguence.

The present invention further relates to variants
cf the nucleic acid melecules of the present
invention, which encode portions, analogs or
derivatives of the PAPs of the present inventianm. 32
variant may occur naturally, such as a natural allelie
variant. By an “allelie variant® is intended one of
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several alternate forms of a gene occupying a given
locus aof a chromasome of an organism. Neon-naturally
occurlng variants may be produced by known mutagenesis
technigues. Such variants include those produced by
nucleotide substitution, deletion, or addition of one
or more nucleotides in the coding or noncoding regions
or both. BAlterations in the coding regions may
produce congervative or nonconservative amino acid
substituticons, deletions, or additions. Especially
preferred among these are silent substitutions,
additiens, and deletions which do not alter the
properties and activities of PAPs polypeptidas
disclosed herein or portiens therecf. 2lso preferred
in this regard are comservative substitubtions.

Fucleic acid moleculss with at least 90-39%
identity to a nucleic acid ldentified abeove i1s another
aspect of the present inventlon. These nuclelc acids
are included irrespectiwve of whether they encode a
polypeptide having PAP activity. By “a polypeptide
having PAP activity” is intended polypeptides
exhibiting activity similar, but pot identiczl, to an
activity of the PAER of the lnveation, as measured in
the assays described below. The biological acitivity
or function of the polypeptides of the present
invention are expected to ke similar or identical to
polypeptides from other organisms that share a high
degree of structural identity/similarity.

In ancther embodiment, the present inventicn
relates to a recombinant DNA melecule that includes a
vector and a DNA segquence as described sbove. The
vector can take Lhe form of a plasmid, phage, cosmid,
YAC, eukaryobic expressicn vector such as a DNA
vectoxr, Pichia pasteoris, or a virus vector such as for
example, baculoviruns vectors, retroviral vecters or
adenoviral vectors, and others known: in the art. The
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clened gene may optionally be placed under the control
of {i.e.., operably linked to) certain control
aaquences surh as promoter sequences, or seguences
which may be inducible and/or cell type-specific.
Suiteble promoters will be known to & person with
ordinary £kill in the art. The expression construct
will further ¢entain sites for transeription
initiation, terminatien and, in the transcribed
region, a ribosome binding site for translation.
Among the vectors preferred fox use include pGBETS,
PGADLO (Clonetech], PSVzec (Invitrogen)], pBlueScript
{Stratagene}, pCMVS (Invitrogen), pCRII (Invitrogen)
tc name a few.

Introduction of the construct intoe the host cell
can be effected by calelum phosphate transfectiaon,
electroporation, infection, and other methods known in
the art and described in standard laboratory manuals
such as gurrent Protoecols in Molecular Bisloory,
Ausubel, F. M. et al. (Eds)., Wiley & Scns, Tne. All
documents cited herein supra and infra are hershy
incorporaced in their entirety by referece theretc.

In & further embodiment, the present invention
relates to host cells stakly transformed or
transfected with the above-described recombinant DHA
constructs. The host cell can be prokaryetic (for
example, bacterial), lower eukaryotic {for example,
veast or insect} or higher eukaryotic (for example,
all mammals, including but not limited to rat and
human} . Both prekaryotic and eukaryotic host cells
may be used for expression of desired coding sequences
when appropriate control sequences which are
compatible with the designated hest are used. Among
prokaryetic hosts, E. coli is most freguently used.
Expression control sequences for prokaryotes include

promoters, coptionally containing operator pertions,
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and rikosome binding sites. Transfer vectors
compatible with prekaryctic hosts are commonly derived
from, for example, pBR322, a plasmid containing
operens conferring ampicillin and tetracyeline
resistance, and the varicus pUC vectors, which also
contain sequences conferring antibiotic resistance
markers. These markers may be used to obtain
successful transformants by selection. Please see
2.g., Maniatis, Fitsch and Sambraook, Molecular
Cloning; A baboyatory Mapual (1982) or DNA Clontng,
Volumes I and I [D. N. Glover =d. 1985) for general
cloning metheds. The DNA sequence can be present in
the vector operably linked te a sequence encoding an
TgGz molecule, an adjuvant, a carrier, or an agent for
aid in purification of Pabs, such as glotathione §-
transferase, or a series of histidine residues aiso
known as a nistidine tag. The recombinant molecule
can be suitakble for transfecting plant cells or
enkaryotic cells, for example, mammalian cells and
yeast cells in culture systems. Saccharomyces
cerevisiag, Saccharomyces carlshbergensiz, and Pichia
pastoris are the most commonly used yeast hosts, and
are convenient fungal hests. Control zecuences for
yeast vectors ars known in the art. Mamwalian cell
lines available as hests for expression are known in
the art and include many immertalized cell lines
available from the American Type Culture Collection
{ATCC) , such as HEK293 cells , and NIH 373 cells, MAlO
Leydig cells, mouse C& glioma cells, ¥1 adrenal cells,
and breast cancer cell lines such as MoA-231, MCF-7.
ta name a few  Suitable promoters are also known in
the art and include viral promoters such as that from
SV¥40, Rous sarcoma virus (REV), adenovirus (aDV),
bovine papilloma virus (BPV), and cytomegalovirus
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(CMV) . Mammalian cells may also reguire terminator
sequences and poly A additicon seguences; enhancer
saquences which increase expression may alsoc be
included, and sequences which cause amplification of
the gene may also be desirable. These seoquences are
known in the art. The transformed or transfected host
cells can be used as a source of DNA seguences
dezcribed above. When the recombinent molecule takes
the form of an expression system, the transformed or
transfected cells can be used 38 a gource of the
protein described below.

In another embhodiment, the present inventien
relates to the PAP polypeptides described above or any
allelic variation thereof which is immunologically
identifiable with the polypeptides.

A polypeptide or amino acid sequence derived from
the amine acid@ sequences nentiened ahbove, refers to a
polypeptide having an amino ascid sequence identical to
that of a polypeptide encoded in the seguence, or a
portion thereof wherein the portion consists of at
least 2-5 aminc acids, and more prefexably at least 8-
10 aminc acids, and even mors preferably at least 11—
15 amino acids, or which is immunologically
identifiable with a polypeptide encoded in the
Sequence.

2 recombinant or derived polypeptide is not
necessarily translated from a designated pucleic acid
sequence; it mey be generated in any mamner, including
for example, chemiccl synthesis, or expression of a
recombinant expression system. In addition the
polypeptide can be fused to other protsing or
polypeptides which increase its aatigenicity, such as
adjuvants for example.

Az noted above. the methods of the prasent

invention are sultable [or production of any
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polypeptide of any length. via insertion of the ahove-
described nucleic acid melecules or vectors into a
host cell and expression of the nucleotide seguence
encoding the polypeptide of interest by the host cell.
Introducktisn ¢f the nucleic acid molecules or wectors
inta a host cell to produce a transformed host cell
can be effected by calcium phosphate transfection,
DEAE-dextran mediated transfection, cationic lipid-
mediated transfectien, electroporation, transduction,
infection or other methods. Such methods are
described in many standard laboratory manuals, such as
Davis =t al., Basic Methods In Molgcular Biclogy
{1986) . Once transformed hosL cells have heen
obtained, the cells may be cultivared under any
physiclegically compatible conditions of pH and
temperature, in any suitable nutrient medium
containing assimilable sources of carbon, nitrogen and
essential minerals that support host cell growth.
Recombinant polypeptide-producing cultivatien
conditions will vary according to the type of vector
used to transform the host c¢ells. For example,
certain expression vectors comprise regulatory regions
which require cell growth at certzin temperatures, or
addition of certain chemicals or inducing agents to
the cell growkh medium, to initiate the gene
expression resulting in the production of the
recombinant polypeptide. Thus, the term "recombinant
polypeptide-producing conditions," as usg=d herein, is
not meant to be limited to any one set of cultivation
conditions. Appropriate culture media and conditions
for the above-described host cells and vectors are
well-known in the art. Following its production in
the host cells, the polypeptide of interest may be
isolated by sevaral technigues. To liberate the

polypeptide of interest from the hest cells, the cells
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are lysed or ruptured. This lysis may be accomplished
by contacting the cells with a hypotonic solution, by
treatment with a cell wall-disrupting enzyme such as
lysozyme, by sonication, by treatment with high
pressure, aor by a combination of the above methods.
Other methods of bacterial cell disruption and lysis
that are known to one of ordinary skill may =zlsc be
used.

rollowing disrupticn, the polypeptide may be
separated from thne cellular debris by any technigue
suitable for separation of particles in complex
mixtures. The pelypeptide may then be purified by
well known isolation techniques. Suitable techniques
for purification include, but are not limited to,
ammonium suifate or ethancl precipitation, acid
extraction, slectrophoresis, immuncadsorption, anion
or cation exchange chromatodraphy, phosphocellulose
chromatography, hydrophobie interaction
chromatography, affinity chromatography,
immuneaffinity chromatography, size exclusion
chromatography. liquid chromatography (LC), high
performance LC (HPLC), fast performance LC {(FPLC),
hydrozylapatite chrometography and lectin
chromatography .

The recombinant polypeptide or fusion protein can
be uzed. detectably labeled and unlabeled, as a
diagnostic tool for the detection of PAPs or for the
detection and measurement of PBR. additienally, these
polypeptides can be used in a merthod for modulating
FBER expression. In additien, the recombinant protein
can be used as a therapeutic agent to reduce cell
death and/or increase celil prolifexation via its
effect on PBR funciicn. The transformed host cells
can be uged to analyze the effectiveness of drugs and

agents which madulate PBR function, expression or
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targeting via their effect on the expression or
function of PAPs, such as host proteins or chemically
derived agente or othar proteins which may interact
with the cell to alter the PAP function or expression,
thereby modulating PBR function, expressicn or
localizakion.

In another embodiment, the present invention
relates ko monoclaonal or polyclonal antihodies
specific for the above-described recombinant proteins
{or polypeptides). For instance, an antibody can be
raised against a peptide described above, or against a
poxtion therecf of at least 10 amino acids,
perfarrably, 11-15 amino acids. Persons with ordinary
skill in the art using standard methodelogy can raise
monoclonal and polyclonal antibodies to the protein
{or polypeptide) of the present invention, or a unigque
portion therecf., Material and metheds for producing
antibodies are well known in the art (see for example
Goding, in, M o Antibodies: B
Practice, Chapter 4, 1986).

The amount of PAP expression can be detected at
several levels. Using standard methodology well ¥nown
in the art, assays for the detection and gquantitation
of PAP RNA can be designed, and include northern
hybridization assays, in situ hybridization assays,
and PCR assays, among others. Please see e.g.,
Maniatis, Fitsch and Sambrock, Moleculayr Cloning: &
Laboratory Manual (1982) or DMA Cloning, Volumes I and
II (B. W. Clewver ed. 1985), or Cuxrept Protocols in
Moleculox Biclogv, Ausubel, F. M. et af. (Eds), Wiley
& Sons, Ine. for general description of methods for
nucleic acid nybridization. Polynuclectide probes for
the detection of BAP RWA can be designed from the
sequences described in SEQ ID NO: 1-9. For example,
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RMA isolated from samples can he coated vnto a surface
such as a nitrocellulose membrane and prapared for
nerthern hybridization. In the case of inm situ
hybridization of kiopsy samples for example, the
tissue sample can be prepared for hybridization by
standard methods known in the art and hybridized with
polynucleotide sequences which specifically recognize
PAP RNA. The presence of a hybrid formed between the
sample RMA and the polynuclecotide can be detected by
any method known in the art such as radicchemistry, or
immunochenistry, to name a few.

dne of skill in the art may find it desirable to
prepare probes that are fairly leng and/er encompass
reglons of the amino acid@ sequanee which would bave a
high degree of redundancy in the cerresponding nucleie
acid sequences. In other cases, it may be desirable
to use Lwo sets of probes simultanecusly, each to a
different region of the gene. While the exact length
of any probe employed is not criticel, typical probe
seguences are no greater than 500 nucleotides, even
more typically they are no greater than 250
nucleotides; they may be no greater than 100
nucleotides, and alsc may be no greater than 75
nuclentides in length. Longer probe sequences may be
necessary to encompass unigque polynuclestide regioms
with differences sufficient teo allow related target
sequences to be distinguished. For this reason,
prebes are prefersbly from about 10 te abauzt 100
nuclectides in length and more preferably from about
20 to about 50 nucleotides.

The DNA sequence of PAPs can be used Lo design
primers for use in the detection of PAP: using the
poiymerase chain reaction [PCR} or reverse
transciption PCR (RT-PCRI. The primers can
specifically birnd to the PAP cDNA produced by reverse
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transcription of PAP RNR, for the purpose cf detecting
the presence, abseance, or guantifying the amount of
PAP by comparison to a standard. The primers can be
any length ranging from 7-40 nuclectides, preferably
10-15 nucleotides, most preferably 18-25 nuclectkides
homologous or complementary te & region of the BAP
secuence. Reagents and controls necessary for PCR or
RT-PCR reactions are well known in the art. The
amplified products can then be analyzed for the
presence or absence of PAP sequences, for example by
gel fractionation, by radicchemistry, and
fmmanochenical techniques. This method is
advantageous since it requires a small number of
c2lls. Once PAP is detected, a determination whether
the cell is overexpressing or underexpressin PAP can
be made by comparisen to the results obtained from a
normal cell using the same method. For example,
increased PAF7 RMA levels correlate with PBR
expression levels, especially in steroidegenic cells.
wherein, an increase in stercidogenic capability of
the cells correlates with an increase in PBR and PAP7
BIA .

In anothery embodiment, the present invention
relates to a diagnostic kit for the debection of PAP
RN2Z in cells, said kit comprising & package unit
having one or more containers of PAP oligonucleotide
primers for detection of PAP by PCR or RUI-PCR or PAP
polynuclectides for the detection of PAF RNA in cells
by in sicu hybridizacion or nerthern analysis. and in
some kits including containers of varicus reagents
used for the method desired. 7The kit may also centain
one or mere of the following items: polymerization
enzymes, buffers, instructions, controls, detection
labels. Kits may include containers of reagents mixed

together in suitable proportions for performing the
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methods in accordance with the invention. Reagent
containers preferably contain reagentg in unit
guantities that obviate measuring steps when
performing the subject methods.

In a furrher emcodiment, the present invention
providaes a method for identifying and quantifying the
level of PAP present in a particular kblolegical
sample. Any of a varlety of methods which are capable
of identifying (ov quantiiying) the level of PAP in a
sample can be used for this purpose.

Diagnostic assays to detect PAPS may comprise a
biopsy or in gitu assay of cells from an organ or
ticcue sectlons, as well as an aspirate of cells from
a tumor or normal tissue. In addition, assays may be
conducted upon cellular extracts from crgans, tissues,
calls, uripme, or serum or blood or any other body
fluid or excract.

When assaying a biopsy, the assay will comprise,
contacting the sample to be assayed with a PAP ligand,
natural or svathetic, or an antibody, polyclonal or
monoclonal, which recognizes PAP, or antiserum capable
of detecting PAP, and detecting the complex formed
hetween PAP presect in the sample and the PAP ligand
or antibody added.

PAP ligands or substrates include for example,
FRR, in addition to natural and synthetic classes of
ligands and their derivatives which can be derived
from narural sources such as animal or plant extracts.

PAP ligands or anti-PAF antibodies, or fragments
of ligand and antibodies capable of detecting PAP may
be lebeled using any of a variety of labels and
methods of labeling for use in diagnosis and prognosis
of disease associated with increased cell
proliteration, such as cancer. or reduced cell death.

Examples of tvpes of labels which can be used in the
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present invention include, but are not limited to,
enzyme lapels, radiciseotopic labels, non-radicactive
iscotoplic labels, and chemiluminescent labels.

Examples of suiltable enzyme labels include malate
dehydrogenase, staphylcecoccal nuclease, delta-5-
steroid isomerase, yeast-alechol dehydrogenass, alpha—
glycerol phosphate dehydregenase, triose phosphate
iscmerase, peroxidase, slkaline phosphatase,
asparaginase, gluceose oxldase, beta-galactosidase,
ribonuclease, urease, catalase, glucose-6-phosphate
dehydrogenase, gluccamylase, acetylcheline esterase,
etc.

Examples of suitable radicisotopic labels irclude
‘B, Man, 1, ¥p, ¥5, Yo, Tpo, Moo, YPe, ®Se, *PEu,
Py, fcu, Tci, Mar, pb, Yse, M'pd, Yo, YF, I, ete.

Examples of suitable non-radiocactive isotopic
labeles inciude “Gd, “Mn, '“ny, “Tr, “Fe, etc.

Erxamples of suitabie fluorescent labels include a
Yy label, a fluorescein label, an isothiocyanate
label, a rhodamine label, a phycoarythrin label, a
phycodyanin lakel, an allophycacyanin label, a
fluorescamine label, ete.

Examples of chemiluminescent labels include a
luminal label, an isoluminal label. an aromatic
acridinium ester label, an imidazole label, an
acridinium salt label, an oxalate ester label, a
luciferin label, a luciferase lahel,etc.

Those of ordinary skill in the art will know of
other suitable labels which may be emnloved in
accordance with the prezent invention. The binding of
these lakels to ligands and to antibodies or fragments
therecf can be accomplished uging standsrd techniqgues
commonly known to those of ordinary skill in the art.
Typical technigues are deseribed by Fennedy, J. H., ef
al., 1876 (Clin. chim. Acta 70:1-31), and Schurs, A. H.
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W. M, et al_ 1877 {Clin. Chim Acta 8l:1-40).
Coupling technigues mentioned in the latter are rhe
glutaraldehyde methed, the periodate method, the
dimaleimide method, and others, all of which are
incorperaked by reference herein.

The detecticn of antibedies (or fragments of
antibodies) of the present inventicn can be improved
through the use of carriers. Well-known carriers
include glass, polystyrene, polypropylene,
polysthylene, dextran, nylon, amyliases, natural and
modified celluloses, polyacrylamides, agarcses, and
magnetite. The nature of the carrier can be either
soluble to some extent or inscluble for the purposes
of the present invention. The support material may
have wirtually any poessible structural configuration
=20 long as the coupled melscule is capable of hinding
to PAF. Thus, the support configuration may be
spherical, as in a bead, or cylindrical. as in the
inside surface of a test tube, or the external surface
of & rod. Alterpatively, the surface may be flat such
as a sheet, test strip, etc. Those =killed in the art
will note many other suitable carriers for binding
monoclonal antibody, or will ke able to ascertain the
same by unge of routine experimentaticon.

The ligands or antibodiss, oxr fragments of
antibedies or ligands of PAPs diecussed above may be
used to quantitatively or qualitativelv detect the
presence of PAP.  Such detection may be accomplished
using any of a variety of immuncassays known to
persons of ordinary skill in the art such as
radioimmuncassays, immanometic assays, etc. Using
standard methodology well known inm the art, a
dlagnostic assay can be constructed by coating oo a
surface (i.e. a so0lid support) for example, a
microtitration plate or a membrane (e.g.
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nitrocelluclose membrane), antibodies specific for BAP
or a portion of PAF, and contacting it with a sample
from a person suspected of having a PAP related
disease. The presence of a resulting complex formed
ketween PAF in the sample and antibedies specific
therefor can bz detected by any of the known detection
methods commen in the art such as fluorescent antibody
gpectroscopy or colorimetry. A good description of a
radicinmune assay way be found in Laboratory

echnjgues and Bigchemistry in Malecular Biology. by
Work, T.£.. et al. Morth Helland Publishing Company,
N.Y. (1978), incorporated by reference herein.

Sandwich assays are described by wWide at pages 13%-206
of Radicimmupe assay Method, edited by Kirkham and
Hunter, E. & §. Livingstone, Edinburgh, 1570.

The diagnostic methods of this inventicn can be
predictive of diseases involving PER including
gallstones, atherosclercsis, Niemann-Pick C,
Sitosterclemia, Dystrophy, Tumor proliferation
(tumorigenesis), Schnyder's cornea? crystalline
dystrophy. Brain disorders include cholesterol
metabolisn and Alzhelimer ‘s disease, Tellurium
texiciby, Smith-Lemli-Opitz syndroms, myelinization,
developmental abhnormalities and demyelization
Charcot-Marie-Tooth disease; Pelizasus-Merzbacher
disease, Multiple sclerosis, SLA, to name a few.
Alternatively, the msthods and compositions may be
useful as prophylactic treatment, or in screening for
compounds effective in prophylactic traatments.

The recombinant protein can be used to identify
inhikitors or activators of a PA® activity which
allows the identification of drugs or agents which
medulate PEBR activity. Using an assay as described
below in the Examples, or for example, introducing a
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drug ar agent to a cell expressing a PAP and detecting
a increase or decrease in the level of PAP RNA or
protein, patural and synthetic agents and drugs can be
discovered which result in a reduction or elimination,
or increase in a PAP acktivity. Xnowledge of the
mechanism of action of the inhibitor or activator is
not necessary as long as a decrease or increase in the
activity of a PAP is detected. Inhibitors may inciude
agents or drugs which either bind or sequester the
PAP‘s substratels), such asz PBR, or cofactex(s), or
inhibit PAP itself. directly, for example by
irreversible binding of the agent or drug to the PaF,
or indirectly, for example by introducing an agent
which binds the competes with PAF binding te its
substrate. Activators may include cofactors necessary
for proper PAP function or agents which allow & higher
turnover rate of binding or releage of the PAP to/from
FER or the particular PAP substrate. Agents or drugs
related to this invention may reswlt in partial or
complete inhibition or various degrees of actiwvation
of PAP which may or may not result in modulation of
EER functicn. Iobdbitors or activators of PAP
activity may ke used ip the treatment or amelioration
of conditions such as stresgs, cancer,
neurcdegenerative discrders, i.e. stroke, Alzheimer's,
developmental disorders, infertility, and immune
disorders.

Agents which decrease the level of PAP {i.e. in a
human or an animal] or reduce or inhibil PAP activity
may be used in the therapy of any diseaze associated
with the slevated levels of PAP. Similarly, agents
which increase the lewel of PAP or activale PAP
activity may be used in the therapy of any disease
associated with reduced levels of PAP. An increase or
decrease in the level of PAP is determined when the
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change in the level of PAP is about 2-3 fold higher or
lower than the level of PAP in the normal cell, up to
about 10-100 fold higher or lower than the amount of
PAP in a normal cell. bAgents which decrease PAP ENA
include, but are not limited to, one or more ribozymes
capable of digeeting PAP RNA, or antizense
aligonuclectides capable of hybridizing to PFAP RNA
such that the translation of PAP is inhibited or
reduced resulting in a decrease in the level of PAP.
These agents can be administered as DNA, as INR
entrapped in protecliposomes centaining viral envelope
receptor proteins (Kanoda, ¥. et al., 1982, Science
243, 375) or ag part of a vector which can be
expressed in the target cell such that the DNA or RNA
is made. Vectors which are ewpressed in particular
well types are known in the art, for example, for the
mammary gland, please see Furth, (1557) (J. Mommary
@land Biol. Neopl. 2, 373} for examples of conditional
control of gene expression in the mammary gland.
Alternatively, the DNA can be injected along with a
carrier. A carrier can be a protein such as a
eytokine, for example interleukin 2, or polylysine-
glycoprotein carrier. Such carrier protelins and
vectors and methods of using same are known in the
art. In additiom, the DM2 could be coated onto tiny
gold beads and =aid peads introduced inte the skin
with, for example, & gene gun (Ulmsr, J. B. et al.,
1953, Science 25%, 1745)

Alternatively, antibodies, or compounds capable
of reducing or inhibiting EAP activity. that is
reducing or inhibiting either the expressicn,
production or activity of PAP. such as antagonists,
can be provided ass an isolated and substantially
purifisd protein, ar as part of an expressien vector

capable of belng expressed in the target cell such
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that the PAP-reducing or inhibiting agent is produced.
Similarly, compounds capable of increasing ar
activating PAP activity, that is increasing or
activating either the expression, production, or
activity of PAP, such as agonists, can bs provided as
an isclated and substaially purified protein, or as
part of an =upression vector capable of bheing
expressed in the target c¢ell such that the PAP-
elevating or activating agent is produced. In
addition, factoxrs whickh affect the stability of the
protein, and co-factors such as various ieone, i.e.
Caz+ (Calve, D. J. and Medina, J. H., 1993, J. Recept.
Res. 13:375-937), or anions, such as halides or anion
channel blockers such as DIDE

{4, 4'diisothiocyvancstilbene-2, 2’ -disulfonic acid), an
ion transport blocker (Skolnick, F., 1987, Eur. J.
Fharmacol. 133:205-214), or factors which affect the
stability of PBR such as lipids, for example. the
phospholipids pheosphatigdyleerine and
phosphatidylinositel whereby the presence of the
phospholipids is required for receptor activity
(Moymagh, F. N. and Williams, D.C., 1992, Biochem.
Fharmacol. 43:19389-1945) can be adminiztered to
modulate the expressicn and function of the PAPs and
PBR. These formulations can be administered by
standard routes. In general, the combinations may be
administered by the topical, transdermal,
intraperitoneal, coral, rectal, or parenteral (e.d.
intravenous, subcutanecug, or intramuscular) route.
In addition. PRP-inhibiting or PAP-activating
compounds may be incorporated into hiodegradable
polymers baing implanted in the vicinity of where drug
delivery ls desired, for example, at the site of &
tumor or implanted so that the PAP-inhibiting or PAP-

activating compound is slowly released svstemically.
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The biodegradable polymers and their use are
described, for example, in detail in Brem et =1.(1891)
J. NMeurosurg. 74, 441-446. These compounds are
intended to be provided to recipient subjects in an
amount sufficient to effect the inhikition of FAP.
Similarly, agents which are capable of negatiwely or
positively effecting the expression, production,
stability or function of PAP, are intended to be
provided to recipient subjects in an amount sufficient
tc result in the desired =ffect. An amount is said to
e sufficient te "effec:i” the inhibition or induction
of PAP if the dosage, route of adminisztration, etc. of
the agent are sufficient to influence such a response.
The PAPs identified in this application were
discovered due to their ability to associate with PER,
and may play a role in the propsr targeting, function,
expression, or stability of FBR. Therefore, a method
for irhibiting or reducing PER function, or altering
the localization of PBR, would include = wethod for
dissociating PAPs from the receptor. This is possible
using agents which block the site on PBR at which
these PAPs associate with PER, or alternatively,
klocking the site on the PAPs which is inwvolved in
PBR-asscciation. Such agents would include antibodies
or antogonists which recognize such sites or which
alter the conformation of these sites such that PAP
and PBR association is inndbited or eliminated.
Agents which Gecreagse the level of PEBR (i1.e. Iin a
human or an animal; or reduce cor inhibit PBR activicy
may be used in the therapy of any diseasze associated
with the elevated levels of PER such as metastatic
cancer, for example breast cancer, or dizeases
associated with increased cell proliferation or
increasad cholestercl transport inte the cell. An

increase irn the level of PBR is determined when the
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level of PBR in a tumcr cell is about 2-3 times the
level of PBR in the nermal cell, up to about 10-100
times the amount of PER in a narmal cell.

Antibodies or compounds capable of reducing or
inhibiting the associaklon between FER and PAPs can be
provided as an isolated and substantially purified
protein, or as part of an expression vector capable of
being expressed in the target c2ll such that the PER-
PAP-association reducing or inhibkiting agent is
procduced. These formulations can be administered by
standard routes. In general, the combinations may be
administered by the topical, transdermal,
incraperitoneal, oral, rectal, or parenteral (e.g.
intravencus, subcutaneous, or intramuscular) route.

In addition, these compounds may be incorporated inte
bicdegradable peolymars being implanted in the vicinity
of where drug delivery is dezired, for example, at the
site of a tumor or implanted so that the compound is
slowly released systemically. The bicdegradable
polymers and their use are described, for exampie, in
detail in Brem et al.(1%91) J. Neurcsurg. 74, 441-446.

These compounds are intended to oe provided to
reciplent subjects in an amount sufficient to effect
the inhibition oF PER/PAP association.

In line with the function of FBR in cell
proliferaticn, agents which stimulate the function of
PBR by increasing the assocliation of PAPs to PER, may
be used in the therapy of any digeage associated with
a decrease of PBR, or a decrease in cell
proliferation, wherein PBR ies capable of increasing
such proliferation, e.g. developmental retardation.
PER has also been shown to be invelved in cholestercd
transport, therefore, an agent or drug which results
in an increase in function or stability of PER and its
associated EAPs can be used to increase cholestercl
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transport inta cells. Disgeases where cholesterol
transport is defficient include lipoidal adrenal
hyperplasia, and diseases where there is a regquirsment
for increased production of compounds regquiring
cholesterol such as myelin snd myelination including
mlzheimer's disease, spinal chord injury, and brain
development neurcpathy [Snipes, @, and Suter, U.

(1997) cholestercl and Myelin. In: Subcellular
Riochemistyy, Robert Bittman {ed.), wol. 28, pp,i73-
204, Plenum Press, New Yoxk], to nmame a few,

In providing a patient with any agent which
modulates the expression, function, targeting, or
association of PAP or PER as discussed above, the
dogage of administered agent will vary depending upon
such factors 2z the patient s age, weight, height,
sex, general medical conditiom, previous medical
history, ete. 1In general, it is desirable to provide
the recipient with a dosage of agent which ic in the
range of from about 1 pg/kg to 10 ma/kg (hody weight
of patient}, although a lower or higher dosage may be
administered.

& compeosition is sald te be "pharmacclogically
acceptable” if its administration can be tolerated by
a recipient patient. Such an agent is said to he
adminiszered in a "therapeutically effective amount”
if the amount administered is physiologically
significant. BAn agent iz phyeiclogically significant
if its presence resulte In a detectable change in the
physiclogy of a recipient patient.

The compounds of the present invention can be
formulared according to known methods to prepare
pharmaceutically useful compositions, whereby these
materials, or their functional derivatives, are

combined in adwixture with a pharmeceutically
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acceptable carrier vehicle. Suitable vehicles and
their formmlation, inclusive of other human proteing,

e.g., human serum albumin, are described, for example,

in Remington's Pharmaceutical Sciences [16th ed.,
Osol, A. ed., Mack Easton PA. (1550)]. In order to

form a pharmaceutically acceptable composition
suitable for effective administration, =uch
compositions will contain an effective amount of the
sbove-described compounds together with a suitable
amount ©f carrier wehicle.

Additicnal pharmaceutical metheds may be emploved
to contrel the duration of actlon. Control release
preparabicns may be achieved through the use of
polymers te complex or absorb the compounds. The
contrelled delivary may be exercised by selecting
appropriate macromelecules (for example polyesters,
polvamino acids, peolyvinyl, pyrrolidone,
ethylenevinylacetate, methylcellulose,
carboxymethylcellulose, or protemine sulfate) and the
concentration of macromelecules as well as the method
of incorporation in order to contrel release. Another
possible msthed to control the duration of action by
controlled release preparaticns is te incorporate the
compounds of the present invention into particles of a
palymeric material such as polyesters, polyamine
acids, hyvdrogels, pelyflactic acid) or ethylens
rinylacetate copolymers. Alternatively, instead of
incorporating these agents into polymeric particles,
it is posszible ton entrap these materials in
microcapsules prepared. for example, interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-microcapsules and
poly imethylmethacrylateimicrecapsules, respectively,
or in celloidal drug delivery systems, for example,
liposcomes, albumin microspheres, microsmulsicns.

JP 2004-500009 A 2004.1.8
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nancparticles, and nacocapsules or in macroemulsions.
Zuch techniques are disclosed in_Remington’s
Pharmaceutical Sciences {1880} .

The present inventicn alse provides kirts for use
in the diagnestic or therapeutic methods described
above. Xits according to this aspect of the invention
may comprise one or more gontainers, such as vials,
tubes, ampules, bottles and the like, which may
comprise one or more of the compositions of the
invention.

The kits of the invention may comprise one or
more of the following components, one or more
compounds or compesitiens of the invention, and cne or
more excipient, diluvent. or adjuvant.

It will ke readily apparent to one of ordinary
gkill in the relevant arts that other suitable
nedifications and adaptations toc the methods and
applications described herein are obwvious and may be
wade without departing from the scope of the invention
or any enbodiment thereof. Having now degcribed the
present invention in detail, the same will be more
clearly understood by reference to the following
examples, which are included herewith for purposes of
illustration enly and are not intended to be limiting
of the inventien.

The following Mzterials and Methods were used in
the Examples desribed helow,

Material and Nethods

Materisis

[u-¥P)ACTY (specific actifiry, 3000 Ci/mmol},
{1,2,6,7-W-"Hlprogesterone {specific activity, 24.1
Ci/mmol) and *H-1-({2-chlorophenyl) -N-methyl-N-{1-
methyl-propyl)-3-igoquinolinecarboxamide (PK 11195)
(specific activity, 86.9 Qi/mmol) were ebtained from
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NEN Life Science Products {Bostor, MA). PE111%% was
obtained from Research Biochemicals, Inc. (WNatick,
MA} . Nitrocellulose {0.45 pm} was from Hoeffer
Scientlific {San Francisco, Ta). 22R
Hydroxycholestercl was purchased from Sigma.
Restriction encymes were from Sktratagene (La Jolla,
Ch) and New England Biolabs (Beverly, Ma). Cell
culture supplies were purchased from from Life
Technolegies, Inc. (Grand Tsland, N¥}. Tizsue culture
plasticware was from Corning (Corning, N¥).
Electrophoresis reagents and materials were supplied
from BioRad. All other chenicals used were of
analyvtical grade and were obtained from various
commercial sources.

Straine and media

The genctype of the Saccharomyces cerevisiae
reporter strain HF7c is MATa, ura3-52, his3-200, Ilys2-
861, adezZ-101, trpl-801, leu2-3, i1z, gald-542, galdi-
538, LYSZ::GAL-HISX, URAZ::(GAL4 17-mers),-C¥C1-lacZ
{CLONTECI, Palo Blto, CA). Yeast strains were grown
at 30°C in standard liguid ¥PD medium or minimal 3D
synthevic medivm with appropriate supplement amine
acids (CLOMTECH, Pale Alto, Ca).

Plasmids ard construckion

The mouse PBR CDNA coding seguence was subclonad
into pGETY {CLONTECH, Pale Alto, CaAl at BeoR I and
Bami I sites [pGBT-PBER]. The fusion site was werified
by sequencing. Functional fusien FER protein,
expressed in yeast cells, was verified by PBR ligand
binding assay. Mouse testis cDNA library was
constructed in pGADRLG {LEU2Z, GAL4 (76B-RB1}]

{CLONTECH, Falo Alto, CA). hmplificaticn of premade
libraries was performed by growing the transformants
on LB-agar-ampicillin and purifying the plasmids DNA

JP 2004-500009 A 2004.1.8
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with QTAGEN Plasmid Giga kit (QIAGEM, Valencia, CA).
In the transfection experiments, PAF7 partial sequence
{including 192 Amine acids C-terminal sequence) was
inzerted inte pSVzeo vector (Invitrogen, Carlsbad
CA) at EFwoRI and Bamll sites.

Yeast two- ! eenin

The Clontech MATCHMAXER two-hybrid system was
applied in this study (detailed in manufacturer-‘s
instruction bock]. Briefly, the yeast reporter host
gtrain HF7¢ was simultanecusly cotransformed with both
DGBET-PBR and the mouse testis ¢DNA library in pGADIQ
plasmid by using lithium acetate high-efficiency
methed (Gietz, D. st al.. 1992, Mucleic Acids Res, 20,
1425). HIS positive clones were further selected by
colony 1ift filter assay for B-galactosidase activity.
Plasmid DN2 was rescued in Escherichia coli DH5T from
yeast cells. Plasmids were retransformed into yeast
EF7c cells with plasmid pGBT-PBR to test for histidine
prototraphy and p-dalactosidase activity (Clontech
manual] . The ¢INA inserts from the positive clones
were sequenced. The full length PAP7 cONA was
obtained by using 5' and 3’ RACE kit from kit
(CLONTECE, PFalo zlto, CA).

Seguen v

The ABY PRISMIM dyes terminator cycle sequencing

ready reaction kit (PE Biosystems, Foster City , Cal
and an Applied Bicsystems seguencer were used for
seguencing [Applied Biveystems, Foster City . CA} at

the Lombardl Cancer Center Secuencing Core Facility
[Georgetown Unviersity). DNA seguences were analyzed
by using BEntrez and BLAST program against GenebankTM
Database.
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Cell cuiture transient transfoction

MA-10 cells were grown in modified Waymouth's
MBE752/1 medium containimg 15% horse serum, as
described previocusly (Papadopoulos, V. ot al., 1990,
J. Biol. Chem. 265, 31772-377%). Mouse Cé glioma and
mouse Y1l adrenal cortical cells were cultured in DMEM
and DMEM F12 repectively, with 10% fetal bovine serum.
MAl0 cells were transiently transfected by
electroporation (El Befnawy, T. et al., 1996, Mol.
Cell Erdocrinol. 119, 207-217}. Each Genepulzer
cuvette (0.4 cm-gap, BioRad, Hercules, CA} contained
Bx10° cells in 350 pl antibiotic-free complete
Waymouth's growbh medium {see above), plus 20pg
plasmids DNA in 50 pl of 0.1 % TE. Cells in
electroporation cuvettes were electro-shocked at 2330 v
and at & capacitance of 950 pFd geperated from
Genepulser (BioRad, Hercules, CA). The cells were
kept immediately on ice for 10 win before plated imto
94 well plates.

Radicligand binding assavs

’H—l—(Z—Chlorophenyl)—N—methylka(lfmethylf
propyl) -3-isoquinclinecarboxamide (PX 11155} (NEN,
Bogton, MA) binding studies were performed a=s we
previcusly described (Papadepoulos, V. et al., 1530,
supra; Garnier, M. et al., 1994, Molecular
Pharmacology 45, 201-211}. The disscciation constant
{Kd) and the nunber of binding sites (Bmax) were
determined by Scatchard plot snalysis of the data
using the LIGAND program (Munson, P. J. and Rodbard,
D., 1980, Anpal. Biochem. 107, 220-239).

RNA, _{Northern] blot analvgi

Total tissue and cellular RMA was isolated by the

acid guanidinium thiscyanate-phencl-chloroform
extraction method using RENA STATE0 reagent (Tel-Test
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Inc., Friendswood, TX). RNA was separated by denature
electrophoresis and transfered to Nytran membrane
{schleicher & Schuell Inc., Keene, NH). The FNA blots
were hybridized with **P labeled PAP7 cDNA probe
generated from random priming (Beshringer Mammheim,
Indianapclis, IN). Autoradicgraphy was performed by
exposing Kodak X-Omat AR films (Eastman Kodak,
Rachester, NY} to the hlots at -80°C overnight.

Steroid bicsynthesis

MA-10 cells were plated into 26-well plate at the
density of 2.5x10'/well for overnight. The cells were
stimulated with 50 ng/ml hCG in 0.2 ml/well serum-free
medium for 2 hours. The culture medium was collected
and tested for progestercne produgtion by RIA. The
assay was carried out by using anti-progesterons
antisera (ICN, Costa Mesa, CA), following the
conditions recopmended by the manufacturer. The
progesterone producticn was normalized by the amount
of protein in sach well., ERadicimmwncassay data wae
analyzed using the software provided by Wallac (EGAG
Wallac, Gaithersburg, MO}.

i ion and Western anal:
Rabbit anti-PAP7 antibody was prepared hy

sequential immunization with a peptide
SSDEEEEREENVTCEREAKENANKEP (SEQ ID NO:11) of PAPTY
protein, which was coupled to XLH. PAP7 antibodias
were purified by an affinity rezin containing the same
peptide immobilized cnto agarvse (Bethyl Laboratories,
Moncgomery, TX). MALO cells were solubilized in
sample buffer (25 mM Tris-HC1 (pHE.8), 1% SDI., 5% p-
mercaptoethanol, 1 mM EDRTA, 4% glycerol, and 0.01%
bromophenol bluel, boiled for 5 min, arnd loaded onto a
15% SDS-FAGE minigel {MiniProtein II System, BioRad,
Richmond, Ca). Electrophoresis was performed at 25

JP 2004-500009 A 2004.1.8
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mA/gel using a standard SDS-PAGE running buffer (25 mM
Tris, 192 mM glycine, and 0.1% 5DE). The proteins
were electrophoretically transferred to nitrocellulose
membrane (Schieicher & Schusll Inc., Keene. NH). The
menbrane was incubated in blocking buffer (TTBS buffer
{20 mM Tris/HCL, pH 7.5, 0.5M NaCl, and 0.05% Tween—
20} containing 10% Carmaticon nenfat milk) at room
temperature for 1 hour, fellowed by incubation with a
primary antibody against BAP7 (1:2000) for 2 hours.
The menbrane was washed with TTBES three times for 10
min each time. After one-hour incubation with the
secondary antibody, goat anti-rabbit IgG canjugated
with HRF (Signal Transduction}, the membrane was
washed with TTES three times for 10 min each time.
Specific protein bands were detected by
chemiluminescence using the Renaissance Rit {DuPont-
New England Nuclear, Wilmington, DE} according to
maiifacturer s directions,

MA-19Q cells were cultured on four-chambered
SuperCell Culture Slides (Fisher Scientifie,
Pittepurgh, PA) and fixed with methanol at 4°C for 15
min. The fixed cells were incubatcd with PAPT
antibody (1:250 dilution] with ox without PAP7 peptide
for 1 hour. After washing, the cells were incubated
with HRP cenjugated goat anti-rakbit sscondary
antibody (Transduction Lab, Lexington, KY) for 1 hour.
PAP7 stalning was visualized with peroxidase using AEC
(3-amino-9-ethyl carbazole) as a chromogen to yield a
red reaction product. After counterstaining with
hematoxylin, slides were dehydrated and permanently
mountad.

Imnunoblistocheml sty
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Mousge tissuas were freshly snapped in liguid
nitrogen. Specimens were f[ixed in ceold methancl right
after sectioning for 5 min. The slides were then
placed in a chamber containing 0.3% H0, solution in
methanel for 20 min at room temperature to inhibit the
endagenous peroxidase activity and then incubated in
klocking solutien (10% goat serum) (Zymed, South San
Francisco, CA) for 15 min. Subseguently, the slides
were incubated with anti-PAP7 antibody (1:250) for 2 h
at room temperature, washed with water and PBS.
incubated with ERP conjugated goat anti-rabbit
secondary antibody for 1 hour at room temperaturs, and
then washed with PB2. After treatment with AEC
reagent for 1 hr at 27°C for celor staining, the
sections were counterstained with hematoxylin,
dehydrated and permanently mounted.

Exotein cuantificarion ans Statistical analvsi

Proteins were quantified by dye-binding assay of
Bradford (Bradford, M. M., 1976, Anal. Bicchem. 2,
248-254] with bovine serum albumin as the standard.
Statistical apalysis was performed by ANOVA followed
by the sStudent-Newman-Keuls test or the Dunnett
multiple comparisons test using the Instat (v.2.04)
package from GraphPad, Inc. (San Diego, Ca).

Example 1
Isolation of PBR hkssociated Froteins

We have used the MATCHMAKER Two-Hybrid Svotem
from CLONTECE in order to clone genes whose products
interact with PBR protein. G3L4 (1-147)-PBR fusion
{plasmid pGETS + PBR) was used as a pall to screen a
mouse MATCHMAKER testis cDNA Jibrary consiructed into
the pGADLID two-hybrid vector. About 3x10°
transformants were tested, and five positive clones

were chtained for their abiliky to interact with PER.
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Library plasmids from these transformants were rescued
in E. coli strain DHSa. Both the His+ phenotype and
the expression of f-galactosidase were confirmed by a
second-round transformation of strain HF7c carrving
pGBTS-FER {Table 1).

Table 1: summery of yeast two hybrid screen of mousze
testis library by PBR

Clone His3 p-Galactosidase
activity

PAP3 + ,

PAPT + .

PBR20 + “
positive conrrol + s

Flasmids from these positive clones were first
analyzed by restriction snzyme digestion and followed
by sequence analysis. Two clones were shown to be
coded by single gene, which was an unknown gene and
was named as PBR asscciated protein 7 {PAP7). The
other three clones encoded different producta. After
5 RACE and 3' RACE, PAP7 cDNA clone was completely
sequenced on both strands (S5EQ ID NO:2) and it encoded
a 463-amino acid protein with a calculated molecular
weight of about 32 kDa. A homclogy search in the
Genepank databage using the BLAST program showed that

this is a new seguence. previously unidentified.

Example 2
PAPT proteipn expressien. in MA-10 Leydig tumor

INE

The total MA-10 cell protein extracts were
analyzed by western blot using PaP7? antibedy. This
antibody specifically recognizes a 50 kDa-protein band
{Fig. 1A}. The PAP7 protein ewpression im MA-10 cell

JP 2004-500009 A 2004.1.8
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was also checked by immunocytochemistry. PAPT
antibody gpecifically stained MA-10 cell, with the
signal mostly localized in the coytoplasm (Figure 1B).
This signal can be neutralized by PAP7 peptide, which
was used Lo generate and purify this antibody.
Example 3

PAPT cells and tissue expression by Dot and
Horthern Blot

By dot bot analysis, PAP7 was observed to be
highly expressed in brain, eye, submax gland, testis,
and ovary. Interestingly, PAP7 expression was at its
highest level at eaxly embryonic stage, and decreased
before birth (Fig.2A and 2B} . Consistently, PAP7 mRENA
was expressed in adrenal, brain, heart, liver, testis
and ovarian tissues by Northern blot analysis. PAP7
had a 1 kb tramscript which was only expressed in
testis and & 3 Eb major mRNA transcript in the other
tissues (Fig. 3a and 3B). EAPY7 was also highly
expressed in three cell limes, ©6 glioma, MA-10 Leydig
cells and V1 adrenal cells, which have been widely
used for studying sterold blesynthestis. 21l three
cell lines expressed PAP7 transcript of the same
molecunlar weight size as in normal tissues. The PAPT
expression level in these cell lines was
proportionally correlated with their steroidogentc
capability (Fig. 32 and 3B}). The PBR mENA expression
level was also checked in these same tissues and cell
lines. The PBR expressien level was parallel with
PAP7 MENA expressicn pattern, especially in those
three cell lines {Fig. 42 and 4B} .

Examnl,

FAP7 Cellular distribution
PAP7 protein expression in different tissues was
checked by immunohistochemistry (Fig 5). PAP7 was

JP 2004-500009 A 2004.1.8
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present in both Leydig and germ ceslls in testis
{Figure 5C and 5D), in hypocampusz and neurcnal cells
in brain (Figure 5E and 5F}, in fasciculata cells in
adrenal gland (Figure 5G and SH}, and in granulosa
cells in ovary (Figure 5& and 5B). Liver and kidney
expressed low level of PAP? protein l(data not shown) .
Each specimen was stained with BAP7 peptide
neutralized antibedy ag a negative control.
Subsequent in situ hybridization studies showed that
BAP7 mRNA followed PAP-7 protein expression.
Daonple 5

The effect of PAPT on stercid biosvnthesis in Ma-

10 _gell

PAP7 partial sequence including PER binding
domain was subcloned inte pSvzee mammalian expression
vector. This pSvzeoPAP? vector was transiently
transfected into MA-10 cells. pSVzeo empty vector was
also transfected into cells as control. The
capability cof stercid biocsynthesis of both empty
vector pSVzec transfectants and pSvzeoBAP7
transfectants was checked by monitoring the
progaesterone producticn in response to hormonal {(hOG)
stimulation. PARP7 transfectante had significantly
reduced the level of progesterons production in MA-10
cells as compared with pSVzeo vecter transfectant at
a dose and time dependent manner (Fig §).

Diggussion

In order to better understand the mechanism of
how PBR regulates chelesterol transpert activity in
gteroid biosynthesis, we performed yeast two-hybrid
aggay to ldentify the PBR associated pratein(s].
Mouse PBR cDNA was ilngerted into the pGBETY vector to
generate a GAL4 DNA-binding domain and PBR fusion

JP 2004-500009 A 2004.1.8
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protain as bait., The recaptor ligand kinding activity
of the fusicn protein with PBR ligand, PK111%5, was
tested. Our result indicated that the fusion PER
protein expressed in yeast possessed the similar
kinding affinity as the native PBR protein (data not
ghown) . FPER has been identified in various peripheral
biseues (Gavish, M. and Weizman, R., 1997, clin.
Neuropharmacol. 20, 473-4B1) including testis. Testis
is one of the important and very well studied tissuesz
for steroidogenesis (Huhtaniemi{, I, and Toppari, dJ.,
1995, Adv. Exp. Med. Biol. 377, 33-54). The steroid
biosynthesis in the mouse testicular Leydig cell and
the role ¢f FPBR in this process are also well
documented [Papadopoulos, V. et al., 18937, Stercids 62,
21-28; Papadopoules, V. et al., 1993, Endocr. Res. 24,
479-487). Therefcre, we applied mouse testis cDWA
library inr this two-bybrid screen study. The pGADIO
vector was used to generate a fusion protein of the
GAL4 activation domain with a collection of random
proteins in the fusion Balb/c mouse testis library.
Through the yeast two hybrid screen, PAP7 was
identified az one of the positive clones, which
demonstrated its ability to interact with PER (Table
1). Thus, we c¢loned the PAF7 cDNA coding for a mouse
protein that interacted with PBR. Baced on the
databage search, PAPT7 1s a novel gene product.
Recently, PRAX-1 wag reported as a new protein that
specifically interates with PBR (Galiegue, S. et al.,
1899, J. Biol. Chem. 274,2938-2%52). The only
similarity is that both proteins contain glutamic-acid
streches. FPart of PAP? shares quice high homology
with a €. elegans gene that has an unknown function
(Wilson, R. et al., 1994, Nature 368, 32-38). 1In
fact, cholestercl 1ls reguired for C. elegans cell
culture {Brenner, 5., 1974, Genetics 77, 71i-94).

JP 2004-500009 A 2004.1.8
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Considering that FBR is invelved in cholestercl
transport and PBR gene is highly conservative in all
type of organisms, this data suggests that PAFT
expression may be needed to mest basic reguirements
for cell svrvival and growth. PAP7 alse shares some
homologies with RALBP., a hydrophobic ligand-binding
protein that functions in intracellular retincid
transpert (Czaki, K. et al., 1%3%4, J. Biel. Chem. 269,
3838-3845).

By sequence motif analysis using Swiss-Port
Prosite profile scan, PAPT has fatty acylation
(myristoylation) sites, Acyl-Cod-binding protein
signature and PKC phosphorylation sites. Protein
myristoylation enables protein to attach to the
callular membrane and thus take part in cell signaling
{Casey, P.J., 1895, Science 368, 221-225; Boutin, J.
., 1897, Cell Signal 9, 15-35). PBR is a hydrophobic
protein and tightly associated with the ocuter
mitochondrial membrane. This property could enable
FAPT passing hormona stimulatien signal to and
interacting with PBR thus regulating FER activity in
cholestercl transport. Interestingly, Acyl-Col-
binding protein is the other name of PBR endogenous
ligand, diazepam binding inhibitor (DRT) {(Ro=e, T. M.
et al., 1982, Proc. Natl. Acad. Sei. U.5.a. 8%, 11287-
11291; Costa., E. and Guidetti, 2., 1991, Life Sci. 49,
325-344; 3Zuk, K. et al., 1999, Biochim. Biophys. Acta
1454, 126-131). This informaticn suggests that PAP7
may cocrdinate with other PBR endogencus ligands to
fulfill its function. 7The fact that PAP7? has the
potential pretein kinase phosphorylation sites raises
another peossibility that PBR could be regulated by
hormone stimulation through the interaction with PAD7
protein.

JP 2004-500009 A 2004.1.8
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The distribution and expression of PAP? were
examined in major mouse tissues such as brain, testis,
ovary, adrenal. and kidney, as well as some cell
lines. The PAP7 expressing pattern is similar to the
breader expression profile of PBR. According to the
previous studies (Papadopoulos, V. et al., 1938,
supra} . glucocorticoids are produced by zona
fasciculata cells in adrenal. In the ovary. coupus
Juteum, whare the granulosa cells are located,
searetes progesterone. In addition, the testicular
Leydig cells are able to produce Lestosterone. Since
PAP7 is highly expressed in major stercidogenic
tissues and is mores concentrated in these steroid
producing cells, PAP7 may be invelved in steroid
biosynthesis or the regulation of stercid formation by
changing the formation or the conformation of the PBR
complex. Mouge C6 glioma cells, MA-10 Leydig cells
and Y1 adrenal cortical cells are popular cell models
selected for studyving stercid biccynthesis. Pap7?
expression is proporticnally correlated to the PER
expression in these cell lines. Additionally, both
PER and PAP? expression level in these cell lines are
rarallel with their steroidogenic capability, which
also suggests that PAP7 may be involved in stercid
biosynthesis through a PBR pathway. A small FPAPR7
trangcript was expressed only in testis, a phenomenon
vheerved for other genes expressed in testis (Zhang,
F. P. et al., 1997, Endocrinology 13%, 2481-2490:
Mauduit, €. et al., 18%%, J. Biol. Chan. 274, 770-
775). The ilmnunostaining in the testis other than in
Leydig cells could represent the cxpressicn of the
amaller transcript.

The PAP7 protesin ls expresszed in MA-10 cells and
most of the staining is localized in the cytoplasm.

The study of PAP7 subcellular distribution is ongoing,
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the resultz of which may provide more detailed
information about the interacticn between PER and
PAP7. Since PBR knockout mice die in uterus indicates
an essential rele for PER essential in nouse embryonic
development. Interestingly, PAPT7 mRNA is highly
expressed during mousge early embryonic development.
This result may suggest that PAF7, associated with
PER, could play an important role during early mouse
development. This further implies that PER may havs
new functions keyond stercidegenesis. Overexpression
of FAP? fragment including its PER binding domain
significantly inhibited the progesterone formation
stimulated by saturating concentrations of heg (50
ng/ml} in MA-10 cells. According te previous studies,
progesterong production of these cells represented the
index of stercid bicsynthesis {FPreeman., D. A., 1987,
Endocrinology 120, 12¢-132; Garnier, M. ot al., 1994,
J. Biol. Chem. 269, 22105-22112). Eased on the
irhibitery manner, we assume that the overexpressed
FAP7? fragment might act as a competitor of the native
PAF? in MA-10 cells and competitively bind to FER. We
believe that the tranfected PAP7 fragment having only
the PER binding domain and is not fully functional as
& hative FAP}, however, it competitively prevents FER
from interacting with the endegencus PAP? and thereby
blocks the normal function of PBER.

In conclusicn. the results presented herein
suggest that the identified PAP7 is invalved in the
regulaticn of the PER function, serving as an
endoganous ligand or allesteric modulator of the
receptor.

Considering the findings tha i) PBR is a
channel /transporter of choleatercl, ii) PBRR is the
target of envircmmental antistercidogenic hazards, and
{iii) PBR is involved in breast cancer aggression and
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tumor cell preliferation (Hardwick, M. et al., 1999,
Cancer Res. 5%, 811-842), we believe that the
identification and characterization of PAP7 will
greatly contribute to the understanding of the rele of

FER in steroildogenesis and even in more general areas.
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What is claimed is:

1. An isolated PER-associated protein (PAP) DNA
fragment or any portion therecf.

2. An isclated and purified DN2 fragment which
encodes a PBR-associated preotein,

3. Bn isolated and purified DNR fragment which
encodes a peptide of PBER-amgcciated protein, said DNA
fragment comprising a sequence specified in any of SEQ
ID NG:1, SEQ ID MNO:2, SEQ ID NG:3, SBEQ ID NO:4, and
SEQ ID NO:5, ox polynucleotide fragment of said
sequence comprising at least 30 nucleotides.

4. An isolzated and purified DNA fragment which
encodes a peptide of PBR-associated protein, said DNA
fragment comprising a seguence specified in Genbank
hccession no. AF0ZZ770, or GenBank Accession no.
AFD20338, ar z polvnuclectide fragment of said
sequence comprising at least 30 nucleotides.

5. BAn isolated and purified PAP7 DNA fragment
according to claim 2 which encodez 463 amine acids of
EAF7 or a natural wvariant or synthetic variant therect
encocding PAP7, or a peptide fragment therecf
comprising at least 10 amino acids.

6. An isplated and purified FAPS DNA fragment
acoording to claim 2 which encodes 130 amine acids of
PAPB or a natural wariant or synthetic variant thereof
encoding PRPB, or a peptide fragment thereof
comprising at least 10 amine acids,

7. An isalated and purified PAP1S DWA fragment
according to claim 2 which encodes 164 amino acids of
PAPLS or a natural variant or syptbetic variant
thereof encoding PAPL1S. or a peptide Lragment thereof
comprising at least 1C amino acids.

8. An isolated and purified PAPI0 DNA fragment
according te claim 2 which encodes 196 amino acids of

PAFPZD or a matural variant or synthetic variant

JP 2004-500009 A 2004.1.8
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thereof encoding PAPZ0D, or a peptide f{ragment thereof
comprising at least 10 amino acids.

9. A recombinant DNA construct comprising:

(i) a wector, and

(ii} the PAP DNA fragment of claim 1.
10. A recombinant DNA construct comprising:

(i} a vector, and

{ii) the PAP DNA [ragment of claim 3.

11. A recombinant [NA copstruct according to
claim 10, wherein szid vector is an expression vector.

12. The recombinant DNA construct according to
claim 10, wherein sald vector is a prokaryotic vector.

13. The recombinant ONA COnsStrict according to
<laim 10, wherein said vecter is a eukaryotic vector.

ld. A host cetl transformed with a recombinant
DHA construct according to claim 10.

15. A host cell according to claim 14, wherein
said cell is prokaryotic.

16. A host cell according te claim 14, wherein
said cell is eukaryotic.

17. A method for producing PAP peptide which
comprises culturing the cells according to either
olaim 15 ox 16, under conditions such that said DNA
fragment is expressed and said PAF peptide is thereby
produced.

15. 2n isclated recombinant PaP produced by the
method of claim 17.

18. A PAPT polypepiide comprising the amine acid
sequence specified in SEQ ID NO:7 or a portion thereof
of at least 5 aminc acids.

40, A PAPY polypeptiide comprising the amino acid
seguence specified in SEQ ID NO:8 or a portion thereof
of at least 5 amino acids.

JP 2004-500009 A 2004.1.8
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21. A PAP1S polypeptide comprising the amine
acid sequence specified in SEQ ID NDO:9 or a portion
thereof of at least 5 amino acids.

22. A PAFP20 polypeptide comprising the amino acid
sequence specified in SEQ ID NO:i0 or a portion
thereof of at least 5 amine acids.

23. A method for detecting a FAP in a sample
chosen from the group consisting of: PAP7 . PAPB,
PAF1S, PAP20, said methed comprising

[i) contacting said sample with antibodies
which recognize said PAP: and

(ii} detecting the presence or absence of a
complex formed bhetween PAP and antibodies gpecific
therefor.

24. A method for detacting a PBR-associated
proteln, said method comprising the twe hybrid zssay.

25, An antibody to a peptide having the amino
acid sequence specified in SEQ ID NO:6, 7, 8 and 9, or
amy portion thereof.

26, A PAF7 antibody to a peptide comprising the
amino acid sequence specified in SEQ ID NMO:11.

27. A method for detecting agents or drugs which
reduce or eliminate PRP activity, said method
comprising:

(i) delivering a recombinant DNA constroct
according to claim 10 into a cell such that EARP is
produced in said cell;

tii) adding at lLeast one Jdrug or agent to
sald cell alone or in combination; and,

{ii1) detecting FAP activity in =aid cell in
the presence of said agent or drug and comparing it to
a contrel which did not receive said drug or agent
wherein a decrease in PAP activity as compared to
control} indicates an drug or agent which reduces or

eliminates PAP activity.

JP 2004-500009 A 2004.1.8
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28. A method for detecting agents or drugs which
promote FAP activity, said method comprising:

(i) delivering a recombinant DNA construct
according to claim 10 inte a cell such that PAP is
produced in said cell;

{ii) adding at least one drug or agent to said
cell alone or in combination; and,

{iii} detecting whether or not said drug or agent
stimulates PAP activity by measuring PAP acitivity in
said cell and comparing it to a contrel which 4id not
recaive gaid drug or agent wherein an increase in thea
activity of said FAP in said cell as compared to
contrel indicates a stimulatory drug or agent.

29. An agent or druy capable of inhibiting PAP
activity.

30. 2n agent or drug capable of promoting PAP
activity.

31. A therapeutic compound comprising said agent
or drug according to claim 23 for use in a discase
wherain a decreass or elimination of PAP activity is
beneficial.

32. A therapeutie compound comprising said agent
or drug according to c¢laim 30 for use in a disease
wherein an increase o PAP activity is beneficial.

33. A method for detecting at least ons PAP
szlected from the group consisting of PAP7, PAPS,
PAPLS, and PAPZ0 in a sample using the polymerase
chain reacticn.

34. A diagnostic kit for detecting RNA/CDNA of at
least one PAF chosen from the group consisting of
PAP7, PAPR, PAP1S and PAFZ0, in a sample ceomprising
primers or oligonucleotides specific for said PAP RNA
or cDMA snitable for hybridization to FAP EWA or cDNA
and/or amplification of PAP sacuences and suitable
ancillary reagents.

JP 2004-500009 A 2004.1.8
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35. A method for increasing a PAP selected from
the group consisting of PAP3, PAP7, PAFS, PAPLS and
PAFP2Z0 in a cell by introducing into said cell a PARP
nucleic acid encoding said PAP such that said nucleic
acid is expressed and PAP is produced in said cell.

36. A therapeutic method for the treatment or
amelioration of diseases resulting from an increase in
cell proliferation, sald methed comprising providing
to an individual in need of such treatment an
effective amount of an agent or drug which reduces or
zliminates PAP expression or function in a
pharmaceutically acceptable diluent,

37. The method of claim 36 wherein said Jdiseass
is cancer.

3B. A therapeutic method for the treatment or
amelioraticn of conditions resulting from abnormal
cholesterol level, said method comprising providing to
an individual in need of such treatment an effective
amount of an agent or drug which reduces or eliminates
PAP expression or functien in a pharmaceutically
acceptable diluent.

39, The method of claim 38 wherein said condition
is selected from the group censisting of: cancer,
neurodegenerative disorders, develcpmental disorders,
stress, and stroke.

40. A methed for modulating PBR activity,
function or targeting in a cell, said methed
comprising increasing or decreasing level of PAP in
said cell.

JP
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SEg ID Ho:1

FAP3 nucleic acid
GAATTOGCGGULGCGTCGACCACCGCTGOGCCCTCCTGRGAGGCCGTCTGAACGAGGAAATA
ATTGCTAATAAGGCCTCTGTAGCCATGGCTACTTCTGACGTGAAACCAAAATCAATAAGTCGTG
CCAAGAAATGCTCACGAGCAANTAGAAAATCTGTACACA TTTCAACAAGCAGGATATCGGGATO
AAATTCAATATAAACAAGTOAAACAAGTIGCCATGGTUGACTUGATGGCCAGAGACAGUGGTACG
TOAAGAAARCTTCAGCGCAGEGACAATACTTTC TTC TACTACAACA AL GAGA GEGAGTGCGA
GGACAAGGAGETCCACARAGTGARGGTTTACGTCTACTGACCTTTTCCTTTCTTCGGOTTS
GCAATGC TCCT T TAAGAATTCCTTGTTTACATTC TTCCATC GTGTARL TGTCATTTTACAR
ARCAATTCACAATIUTGTCTITRATTCATGETG TCT TAC ACAACATAARCACCLACCTTGA
ARCCCAAMNAN

SEQ D OWO:Z
PRP7 seguence:
GAATTOOCGGCCGEGTCGACCTAAMAGTICAG TG TTCACTGTAGTUACCCGTGTGAAGGTAGTT
TTATTTTTAANTCAACTTTCATTG TCCAAACTACTAAAAGATCOCAAAGCCTTTCATCCAACTTA,
TGAAGAAAAACTGA AGTTCGTGGCACTGCATAAGCAAGTTCTTTTGGGCCCATATAACUCAGA
CACGTCOCCTGAGOTTGGATTCTITGATGTGTTGOGCAATGATAGGAGGASAGAATGOOCAGCT
CTGGGAAACATUTOCAAGCAGGATUCCATOGTAGAGTITGTGAAGCTTCTAAATAAGTGTTGTC
CTCTCCTCTCGGCATATGTTGCUTCCCACAGAATAGAGAAGGAAGAAGAAGAGAAAAGAAGASL
AGGCOCAGGACGGAGCGAAGGCAGOGTOAAGALGAAGAACCAGAGUGOUTOCAAALGUAAGAA
GAGAACCOCAAGCGAGAGGAGSAAGACCGGCTUAGACOOUAGGAGGAACAGAGGOGOCGCAT
AGAGOAAGAGAGOCTTCOGCTOGAACATCAAAMGCAGCAGATAATGGCAGCTTTAAACTCGC A
GACTOCCGTUCAATICCACGCACTATCGCAGCCCAGUACGTATCCAGCGGAACTACGAACAATCAGCA
GATTCTCAITCCLUCAGCTGCAGGAGCAGCACTATCAGCAGTATAAACACCAGGUAGAGTAAAC
CCAACCTOCACAACAACAGUC AUCATIACAGAAAUAGCAAGAAGTAGTOATGGCTGUUGCAT
CATTGOCTGCATCATCAAAGOTGAACACAGCTOOAGCAAGTGATACACTGTCAGTTAATOAC
AGOCCAAAACCCACACTGAAAATTCCGAAAMAGTCUTTGAGCCAGAAGC TGCAGAAUAAGCT
TTGGAAAATGGACCAAAAGACTCTCITCCAGTGATTGCAGCTCCATCCATSGTGGACAAGACCA
CAAATCAAAGACTTTAANGAGANGATTCAGGUAGGATGCAGATTCTGTGATTACAGTACGTCGA
GOAGAAGTCGTCACCGTCCGAGTCCCGACTCATGAGGAAGGATCATACCTATTTTGGGAATTTG
CCACAGACAGTTATCACATTIGGGTTICGGGTITATTTIGAATGGACAGACTCTOCAAATOCTCC
TGTCAGTGTGCATGTCAGTGACSTCCAGTOACCGAGGAGGAGGAGGAGGAAGAAAATCTCACTTG
TGAAGAAAAAGCAANAANGAACGLCAACAAGCCTCTOCTGOATGAGA TTGTACCTGTCTACCG
GOGOGACTATCACGAGGARGTATATCCAGGCAGCCACCAGTATCCAGGCGACGEERGTCTATC
TCCTCAAGTTTEATAATTCCTACTC TCTCTRGAGETCCARGTCCETC TAC TACAGAGTC TR
TTATACTAGATAGAGC TEGC TG TTCCARGGTCCGEAGTCCAGGETTGAGCACAACATGACST
TTAATTTCCTTT

SEQ ID HO;:3

PAPE nuclaic acid
GAATTCGCGGCCGCGTCGACGCTGGACACAAGUGTGGAGCHAAGAGCUCT TGGAGAGATTCAG
AATGTAGGTGAACGCTC TICAACATCACAGGGCATUCT CAGTCTTCAGAGTCCTCACAGTEA
AACCTCGGHGAGUAGACGCAGAGCGUGACTCCAGOGAGUAAGGTGTCAGUGETTGOGAGAGGC A
TAACCGAATHRAACGAGATAGGAGGOGCAGAATOCGCATTTAC TOTOATGAGCTOAATCTTTTA
GTTCCATTCTGCAATGCCGAGACAGATAAAGCAACAACCCTTCAGTGOACCACAGCATTCCTG
AAGTACATTCAGGAAAGACATOGGGACTCTCTTAAANAGGAATTTGAGAGCGTGTTTIGCGGTA
ANCTGGCAGANGCCTAAAGCTGACTAGACCCGANTCCCTGGTCACCTCCQOTGEACAGGGCA
GCCTGCAGAGCAGOCCTGCCATSGAGATCAAGTGACTGGACTGACCCAGGACCTGGOAGAGA

JP 2004-500009 A 2004.1.8
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ACUGCCGTTCCTGCGGCATCATGCACATSCCTGCCATCCCCGGARTTCAGCTCTEAATCCT
CTC

SED ID NO:4

PRP15 nucleic acid
GAATTCCCGOCCCCGTOGACCTOGGOUUTAACCCTIGGGATCATTATOATGTCACCTCTTCAAT
CTCTTGAGACCAGTGATTTATOAACT TGACATTTIUG TGUCTGOTOTGOUCTTIOGAAAGTAGAG
GOCACCTTTGTCTGTAGAGUATACTOAGCOGCTEGATGGCAGGAATCUAAAGAGAAGUCAGCT
TCTCGTACTCGUCCTGGGACAGTCURAAGAGACGGAGGACOGGCAS AGOGGAATCTGTCTTTCT
COTAGGCCCGAGCATETCCCCTETGGGACATGCTC TG TGACAGCTCAGCCTGECCAGOOTG
CCTTTCTGAAGT IGEGETETCTCOTECCCACAACCARGLCAGIARTCGGTC TET M TTCCCAL
ARCCTCAGAGICAGACCTCACAAGCCTATTTTGE TGO TTCCCAAAATTTCTCTCAGATCTC
CATGTCTATCCCTCCACTCCCTCCARAAGAGARAGAR M AGAATTCGRGAAAGARD

SEQ ID ND:5&

PAPZ0 nucleic acid
GAATTCGCGGOCGCOTCUACCTCAGAAGATGAAAAGACOTGCAGAAGTGCTGGCGGCACAAA
TTGTACACAAAACCAGACTAGAGAGAAAAAAACAAGAAGCGTCTGTATCTAAAGATGUTOCAG
TGCCTACAAATACTAAMAGGGCAAAGAAACAAGAGAAGTCTCCAGGTAGAATTGCCTCACAGT
CTAAGCCACCCATGAAAAAGTCTCCACAAAAACGHAAGGTABATGTAGCAAGAGGCCGTCGG
AATACCAGAMAAGTAGCTCCAACCTGCCGAAAAAGAAATTGCTTTACATCTTCAATCAGAAATT
TCATCAGATGICCAAAAAGATGGACTTAACCTAAGTACATITCAACAAGAAAGTATTICAATG
ATTCCTAAAGGTOCTCCTGAAAACTCAGTTATCAGC TG TGACTCCCAGGUCCTAAATATGTTAG
CTGATCTGGCATTAAGTTCTGCTGCTGCTTCTATACCATCTTGTAAGCCCAGGAACCTTCCCTG
CGTCTCTGATTTGCCACGARACI ATCTCTTAC TCACTAAAGARARTCCATTGCTTGGTCCCT
CTGACCATGAATATCATAAGGE

SEZ ID NO:€

PAF3 amino acid seguence

Mer Ala Thr Ser Asp Val Lys Pro Lys Ser Xle Ser Arg Ala Lys
Lys Trp Ser Glu Glu Ile Glu Asn Leu Tyr Arg Phe Gln Gln Ala
Gly Tyr Arg Asp Glu Ile Glu Tyr Lys Gln Val Lys Gln Val aAla
Met Val asp Arg Trp Pro Glu Thr Gly Tyr Val Lys Lys Leu Gln
Arg Ary Asp Asn Thr Phe Phe Tvr Tyr Asn Lys Glu Arg Glu COvs
@lu Asp Lys Glu Val Bis Lys Val Lys Vel Tyr Vel Tyr

SEQ ID NO:7

PAFT amino acid sequence

arg Pro Arg Arg Pro Lys Val Glu Leu Phe Thr val val Thr arg
val Lys Val Val Leu Phe Leu &sn Gln Leu Ser Leu Cys Lys Leu
Val Lys Asp Gly Lys &la Phe His Pro Thr Tyr Glu Glu Lys Lesu
Lys Phe Val Rla Leu Bis Lys Glo Val Leu Leu Gly Pro Tyr Asn
Pro Asp Thr Ser Pro Glu Val Gly Phe Phe Asp Val Leu Gly Asn
RAsp Arg Arg Arg Glu Trp &la Ala Leu Gly Asn Met Ser Lys Glu
Agp Ala Met Val Glu Phe Val Lys Leu Leu Asn Lvs Cys Cys Pro

JP 2004-500009 A 2004.1.8
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Leu Leu Ser Ala Tyr Val Rla Ser His Arg Ile Glu Lys Glu Glu
Glu Glu Lys Arg Axg Lys Ala Giu Glu Glu Arg Arg Gln Arg Glu
Glu Glu Glu Arg Glu Avg Leu Gln Lys Glu Glu Glu Lys Arg Lys
Arg Glu Glu Glu Asp Arg Leu Arg Arg Glu Glu Giu Glu Arg Arg
arg Tle Glu Glu Glu Arg Leu Arg Leu Glu Gln Gln Lys Gln Gln
Ile Met Ala Ala Leu Asn $er Gln Thr Ala Val Gln Phe Gln Gln
Tyr Ala Ala Gin Gln Tyr Pra Gly Asn Tyr Glu Gln Gln Gln Ile
Leu Ile arg Gln Lew Gln Glu Glon His Tyr Gln Gln Tyr Lys His
Gln Ala Glu Gln Thr Gin Pra Ala Gln Gln Gln Ala Ala Leuy Gln
Lys &ln ¢1n 6lu val Vel Met Ala Gly ala Ser Leu Pro ARla Ser
Sexr Lys Val Asn Thr Ala Gly Ala Ser Asp Thr Leu Ser Val Asn
Gly Gln Ala Lys Thr His Thr Glu Asn Ser Glu Lys Val Leu Glu
Pro Glu Ala Ala Giu Glu Ala Leu Glu Asn Gly Pre Lys Bep Ser
Leu Pro Val Ile Ala Ala Pro Ser Met Trp Thr Arg Pro Gln Tle
Lys Asp Phe Lys Glu Lys Ile Arg Gln Asp Ala Asp Ser Val Iie
Thr Val Arg Arg Gly Glu Val Val Thr Val arg Val Pro Thr His
Glu Glu Gly Ser Tyr Leu Fhe Trp Glu Phe Ala Thr Asp Ser Tyr
Asp Ile Gly Phe Gly Val Tyr Phe Glu Trp Thr Aep Ser Pro Asn
Ala Ala Val Ser Val Eis val Ser Glu Ser Ser aAsp Glu Glu Glu
Glu Glu Glu Glu Asn Val Thr Cye Glu Glu Lys Ala Lys Lys Asn
Ala Asn Lys Pro Leu Leu Asp Glu Ile Val Pra Val Tyr Arg Arg
Asp Cys His Glu Glu val Tyr Ala Gly Ser His Gln Tyr Pro Gly
Arg Gly val Tyr Leu Leu Lys Phe Asp Asn Ser Tyr Ser Leu Trp
Arg Ser Lys Sexr Val Tyr Tyr Arg Val Tyr Tyr Thr arg

SEQ ID NO:8

PAPS amino acid seguence

Gl Fhe Ala Ala Ala Ser Thr Leu Asp Thr Ser Val Glu Arg Arg
Ala Leu Gly 3lu Ile Gln Asn Val Gly Slu Gly Ser Ser Thr Ser
Gln Gly Thr Trp Gln Ser Ser Glu Ser Ser Gln Ser Asn Leu Gly
Glu GIn Thr Gln Ser Gly Pro Gln Gly Gly Arg Cys Gln Arg Arg
Glu Arg His Asn Arg Met Glu Arg Asp Arg Arg Arg Arg Ile Arg
Tle Cys Cys Asp Glu Lew Asn Leu Leu Val Pro Phe Cys Asn Ala
Glu Thr 2Agp Lys Ala Thr Thr Leu Glm Trp Thr Thr Ala Phe Leu
Lys Tyr Ile Gin Glu Arg His Gly AsSp Ser Leu Lys Lys Glu Phe
Giu Ser Val Phe Cys Gly Lys Thr Gly Arg Arg Leu Lys Leu Thr
Arg Pro Glu Zer Len Val Thr Cys Pra RBla Gln Gly Ser Len Gln
Sey Ser Pro Ala Met Glu Tle Lys

SEQ ID NO:8

PAP1S aminc acid seguence

Ala Ala Gly Trp Gln Glu Ser Lys Glu Lys Pro Ala Ser Arg Ser
Arg Pro Gly Thr Val Glu Glu Arg Glu Asp Arg Gln Arg Gly Ile
Cyg Leu Ser Pro Arg Pro Glu His Wal Pro Cys Gly Thr Cys Ser
Val Thr Ala Glu Pro ala Gln Pro Ala Fhe Leu Lys Leu Gly Val
Ser Cvs Pro Gln Pro Sexr Gln Glu Ser Val Cys Phe Pro Thr Thr
Ser Glu Pro Asp Leu Thy Ser Ley Phe Trp Trp Pke Pro Lys FPhe
Leu Ser Asp Leu Bis Val Tyr Pro Ser Thr Pro Ser Lyz Ary Glu
Arg Lys Glu Leu Arg Lys Lys
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SEQ ID NO:10

PAPZ0 amino acid sequence

Asn Ser Arg Pro Axg Arg Pro Glon Lys Arg Lys Arg Gly Ala Glu
Val Leu Ala Ala Gln Ile Val Glu Lye Thr Arg Leu Glu Arg Lys
Lys Gln Gilu Ala Ser Val Ser Lys Asp Ala Pro Val Pro Thr Asn
Thr Lvs Arg Ala Lys Lys Gln Glu Lys Ser Pro Gly Arg Iie Ala
Ser Glm Ser Lys Pro Pro Met Lys Lys Ser Pro Gln Lys Arg Lys
val Asn val ala &rg Gly Aryg Arg Asn Thy Arg Lys Gln Leu Gln
Fro Ala Glu Lys Glu Ile Ala Leu His Lewn Gln Ser Glu Ile Ser
Ser A=p Gly Gln Lys Asp Gly Leu Asn Leu Ser Thr Ser Gln Glo
Glu Ser Ile Ser Met Ile Pro Lys Gly Pro Pro Glu Asn Ser Val
Ile Ser Cys Asp Ser CGln ala Leu Asn Met Leu Ala Asp Leuw Rla
Leu Ser Ser Ala Ala Ala Ser Ile Pro Ser Cys Lys Pro Arg Asn
Leuz Pro Cys Val Ser Asp Leu Pro Arg Asp Asn Val Leu Leu Thr
Lys Glu Asn Fro Leu Leu Gly Ala Ser Asp His Giun Tyr His Lys
Gly

SEQ ID NO:11
Ber Ser Asp Glu Glu Glu Glu Glu Glu Glu Aszn Val Thr Cys Glu
Glu Lys Ala Lys Lys Asn Ala Asn Lys Pro
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TITLE OF THE INVENTTION

Peripheral-type Benzodiazepine Receptor Asscciated
Frotej i T iopn and Meth of Use

Piald of the Inpvention

The present invention relates toc nucleic acid
molecules encoding peripheral-type benzeodiazepine
receptor {PBR) agsoclated proteins (PAPs), including
mutants, variants, fragments and derivatives thereof,
and to vectors and host cells comprising such nucleic
acid molecules; methods of vusing PAPs; metrhod for
sereening for inhibitors and activators of FAPs or
PBR; and kits comprising the compositiens or

polvpeptides of the invention.

Bagkground of h'd

The peripheral-type benzodiazepine raceptor (FPRR)
was originally discovered because it binds the
benzodiazepine diazepam with relatively high affinity
(Papadopoulos, V. 1923, Endocr. Rev. 14:222-240).
Benzodiazepines are among the most highly prescribed
drugs due teo thelr pharmacelegical acticns im
relieving anxiety mediated through medulating the
activity of y-aminobutyric acid receptore in the
central nervous system (Costa, E. and Guidotti, A.
1879, Annu. Reav, Pharmacel, Toxicel. 19:531-545}. PER
is another class of binding sites for benzodiazepines
distinct from the aforementionad neurotransmitter
receptors. Further studies demonstrated that in
addition to bhenzodiazepines, PBR binds other classes
of arganic compounds with high affinity (Papadopoules,
1583, oupra). PBRR, although presernt in all tissues
examined, was found to he particularly high in steroid

JP 2004-500009

A 2004.1.8
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producing tissues, where it was primarily localized in
the outer mitochondrial membrane (OMM) {Anholt, R.E.H.
et al, 1986, J. Bicl. Chem. 261:576-583). an 18 kDa
isoquinoline-binding protein was identified as PER,
cloned and expressed (Papadopoulos, V. 1898, Froc Soc.
Exp. Biol. Med. 217:130-142). It was then demongtrated
that PBR iz a functicnal component of the
steroidogenic machinery (Papadopoulos, 1888, supra;
Papadopoulos V. et al. 1990, J. Biol. Chem. 265:3772-
3779) mediating cholesterol delivery from the outer to
the inner mitochondrial membrane (Krueger, K. E. and
Papadopoulos, V. 1990, J. Bisl. Chem. 265:15015-
15022). Further studiesz demonstrated that
pharmacalogically induced reduccion of adrenal PER
levels in vivo resulted in decreased c¢irculating
glucocorticoid levels {Papadopoules, V. 1928, supra).
In addition, targeted disruption of the PBR gene in
Leydig cells resulted in the arrest of cheolestercl
transport into mitochendria and steroid formation;
transfection o the mutant cells with & PBER cDNA
rascued steroidegenesis (Papadeopoules, V. et al. 1997,
J. Biol. Chem., 272:32129-32135).

PER is extremely aebundant in stercidogenic cells
and found primarily on outer mitochendrial membranes
(Anholt, R. et al. 1286, J. Biol. Chem. 261:576-583).
PBR is thought to be associated with a multimeric
complex composed of the 18-kDa isoguincline-hinding
protein and the 24-kDa pore-formipg voltage-dependent
anion chamnel protein, preferentially lecated on the
outer/inner mitochondrial membrane contach sites
{McEnery. M. W. et &l. Proc. Netl. Acad. Sci. I1.S. 4.
B%:3170-3174; Garnier, M. et al!. 1%%4, Mol. Pharmacol.
45:201-211;: Papadopoulos, V. et ol. 1884, Mol Cel.
Endocr. L04:R5-R9). Drug ligands of PBR, upen binding
to the receptor, simulate steroid synthesis in
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stercidogenic cells in vitro (Papadopoulos, V. ef zl.
1980, J. Bioi. Chem. 265:3772-3779%; Ritta, M. N, er
al. 198%, Neuroendocrinology 49: 262-266; Barnea, E.
R. et al. 1889, Mol. Cell. Endocr. 64:155-139;
Amsterdam, A. and Suh, B. 5. 1991, Endocrinelogy
128:503-51D; Yanagibashi, K. et al. 1989, .T. Biochem_
{Tokyo) 106: 1026-1029). Likewlse, in vive studies
showed that high affinity PBR ligands increase steroid
plasma levels in hypophysectomlzed rats {(Amri, H. et
al. 1296, Endocrinology 137:5707-5718). Further in
vitre studies on isolated mitochondriz provided
evidence that PBR ligands, drug ligands, or the
endogencus PBR ligand, the polypeptide diazepam-
kinding inbibitor (BDL) {Papadopoulos, V. &£ al. 1597,
Steroids 62:21-28), stimulate pregnenclone formaticon
by increasing the rate of cholesterol tranasfer from
the outer to the inmer mitochondrial membrans
(Krueger, K. E. and Papadopoulos, V. 1590, J, Biol.
Chem. 265:15015-15022; Yanagibashi, ®. et al. 1888,
Bndocrinology 123: 2075-2082; Besman, M. J. et al.
1988, Proc. NWatl. Acad. Sci. U.5.a, 86: 4B357-4901;
Papadopoules, V. @t al. 1991, Epdocrinclegy 129: 1481-
1488).

Based on the amino acid seguence of the 18-kDa
PBR, a three dimensional model was developed
{Papadopoulos, V. 1986, In: The Levdiqa Cell. Payme, A.
H. et al. (eds) Cache River Press, IL., pp 5%6-628).
Thiz model was shown co accomodate a cholestercl
motecule and function as a channel, supporting the
role of PBR in cholestercl transpori. Recently we
demonstrated the role of PBR in stercidegenesis by
generating PBER negative celle by homolagous
recombination (Papadopoulos. V. ot al. 1887, J. Biol.
Chem. 272:3212%-32135) that foiled to produce
stercids. However, adcdition of tke hydrwosoluble

JP 2004-500009 A 2004.1.8
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analoque of chelesterel, 22R-hydroxmycholesterol,
recovered stercid production by these cells,
indicating that the cholesterol transport mechanism
wag impaired. Further cholestercl tranzport
experiments in bacteria expressing the 1B-kDa PER
protein provided definitive evidence for a function as
& cholestercl channel/transporter (Li and
Papadopoulos. 1998, Endocrinmology 139, 4351-49%7).
Studies in a number of tumors surh as rat brain
containing glioma tumors (Richfield, E. K. et al.
1988, Neurology 38:1255-1262), colonic adenccarcincoma
and ovarian carcinoma (Katz, Y. et al. 1988, EBur. J.
Pharmacol. 14%: 483-484 and FKatz, Y. et al. 1990,
Clinical Sci. 78:155-15R) have shown an abupndance of
peripherzl-type benzodiazepine receptors (FPBR}
compared to normal tissue. All documents cited herein
infra and supra are hereby incorporated in theix
entirety by reference thereto. Moreover, a 12-fald
increase in PBR densiby relative to normal parenchnyma,
was found in human brain glioma or astrocytoma (Cornu,
D, et al. 1992, Acta Neurcchir. 119:145-152}). The
authors suggested that PER demsities may reflect the
proiliferative activity of the receptor in these
tissuss. Recently, the involvement of PER in cell
preliferabion was further shown (Neary, J. T. et al.
1995, Brain Regearch £75:27-30; Miettinen, H. et al.
1995, Cancer Research 55:26%1-26595), and its
expression in human astirocytic tumors was found Lo be
associated with tumer malignancy and proliferative
index (Miettinen, H. et al. supra; Alho, II. 1994, Cell
Growth Different. 5:1005-1014). Characterization of
FPER in human breast cancer biopsiesz, led to the
digeovery thar the invasive and metastatic ability of
human breast tumor cells is proportionzl to the level

of PBR expressed, and correlates wiil: Lhe subcellular
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localization of PBR in these cells in that PER is
found primarily in the nucleus in aggreszive tumor
cellas whereas FBR is found primarily in the cytoplasm
of invasive but non-aggressive cells. These changes
in PBR expression can be used ag a tool for detection,
diagnosis, prevention and treatment in breast cancer
patients, in particular, and in aggressive solid
tumors in general.

8ince both PBER and its endegenons ligand, the
polypeptide dizzepam binding inhibitor, are
constitutively expressed in steroldogenic cells, the
regulation of PBR functicn by hormones may be dua to
its association wlith other preteins. This interaction
may result in the initiation of sterold bilosynthesis.
Thersfore, there is 2 need te identify proteins which

assogiate with PER and may modulate PBR function.
Sumnary of the Invention

The present invention mestg the need described above.
We have identified PBR assoclated proteins (PAPs) that
interact with PBR using the two-hybrid system. We
used PER as a bailt bto screen a mouse testis oD
library. Five clomes were isolated by their albility
to interact with PBR: PAP3, PAFT7, PAPS, PAPLS, and
PAPZO. Among the nucleotide seguences identified.
PAP3 was ldentical to the previously jsolated megl
protein (Don, J. and Wolgemuth, D. J., 1992, Cell
Growth Differ. 3., 49%; Ever, L. et al., 19%%, Cell
Growth Differ. 10. 19-26). PAP7. PAPR, PAP15, and
PAP20 are novel sequences according to a search in the
Genebank database which did not fird a match for these
sequences. PAP7 and PAP17 are different clones <f the
game novel protein product. All PAPs have fakbty

acylation {myristoylation) sites and PRC
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phosphorylation sites. In addition, PAP20D has a FEA
phosphorylation site. The distributicen and function
of the PAPs, as well as their functional relationship

to PBR i1s under investigation.

geo far, the distribution of PAPT in major mouse
tissues such ag brain, testis, owvary, adrenal, kidney
and muscle showed a prefile similar to the broader
expression pattern of PBX, with an expression level
paralleling the steroidocgenic akbility of the tissue.
These data imply 2 role for these PAPs in the
regulation of PER functicon, serving as endogencus
ligands or allosteric modulators of the receptor.

Therefore, it is an object of the present
invention to provide novel DNA fragmwments encoding PER
zssociated proteins, PAPI (SEQ IT NO:1), PAP7 (SEQ ID
NO:Z) and Genbank accession ne. AFQ22770, PAPS (SEQ ID
NO:3), PAP1S (SEQ ID NG:4), and PAP20 {SEQ ID NO:5J
Genkank accession no. AFD20338. The DHNA fragment is
usaful as a Glagnostic agent Zor detection of nucleic
acid sequences encoding PER-associated proteins, as an
agent for preparation of the protein encoded by th=
DNA, for the preparation of secuences encoding FAPs,
whether cDNA or genomic, and as therapeutic agents.

It is anether cobject of the invention to provide
an amino acid sequence for PAPs encodsd by the DNA
sequences described above.

It iz another object of the invention to provide
a recombinant vector comprisirng a vechor and the above
Qascribed DNA frasmentes.

It is a further object of the present invention
to provide a host cell transformed with the above-

described recombinant DNA cerstruct.
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It is another object of the present invention to
provide a method for producing PAPs which comprises
culturing a2 host cell under conditions such that the
above-described DNA fragment is expressed and a PAP Is
thersby produced. and isolating the PAP for use as a
reagent, for example for screening drugs and
inhikitors of PBR or the PAP itself, for diagnosis,
and for tharapy.

It is a further cbject of the present invention
to provide an antibody to the above-described
recombinant PAFS.

It is yet another object of the present invention
to provide a method for detecting any of PAP3, FAPTY,
PAPE, PAP15, or PAPZD in a sample comprising:

(i} contacting a sample with antibodies which
recognize any one of rhe PAES menticned above; and

(ii} detecting the presence or absence of a
complex formed between the PAP and antibodies specific
therefor.

It is a further object of the present invention
to provide a diagnostic kit comprising an antibody
against PAP and ancillary reagents suitable for use in
detecting the presence of PAP in cells, tissus oY
serum from yeast, mammals, enimals, birds, fish, and
plants.

It iz yet ancther object of the pregent invention
to provide a metheod for the detection of FAP from a
sample using the polymerase chain reaction.

It is a further object of tho present inveantion
o provide a diagnostic kit comprising primers or
oligonucleotides specific for PAP ENA or cDNR suitabie
for hybridizacion te PAP RNA or cDNA and/or
amplification of PAF seguences and ancillary reagents
suitable for use in detecting PAF RNA/CDNA in

mammalian tissue.
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Tt is yet another cbject of the present invention
to provide a method for the detection of a FAP in a
sample which comprises assaying far the presence or
absence of PAP RMA or <DNA in a sample by
hybridization assays.

It is an object of the present invention to
provide a method for the measurement of FBR in &
sample. The method comprises measuring the presence
of a PAP complexed with EBR.

It is yet another object of the present invention
te provide a methed for modulating the function or
altering the targeting of PBR by increasing ox
decreasing interaction of PBR with a PAP. PBR
funcrions which can be modulated include cholestexcl
trangport inte the cell, steroid producticn, cell
preliferation, and embryagenesis.

Tt is still another object of the present
invention to provide a method for increasing or
decreasing PER function or expression in a cell by
providing inte the cell a PAP such that PBR function
is increased or decreased.

It is yet another object of the present invention
te provide a method for increasing or reducing
steroidogenesic by altering the level of PAP in said
cell.

It is skill ancther objact of the inwvention to
provide a therapeutic method for the treatment or
amelioration of diseases resulting from increased cell
proliferation resulting from sberrant PER function or
expression or localization, said method comprising
providing to an individual in need of such treatment
an effective amcunt of a PAP, in & pharmaceutically
acceptable diluent, of a PAP such that the aberrant
PBR expression., function or locallzation, is

corrected.
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It is ancther object of the present invention to
provide a therapeutic method for the treatment or
amelioration of diseases resulting from decreased ce=l11
proliferaticn, said method comprising providing to an
individual in need of such treatment an effective
amount of PAP or an antibody agsinst PAP or an agent
which inhibits PAP expression or function in a
pharnaceutically acceptable excipient.

It is another object of the present invention to
provide a therapeutic method for the treatment or
amelioration of diseases resulting from decreased or
increased steroidogenesis, said method comprising
providing to an individual in need of such treatment
an effective amount of a FAP or an antibedy against
PAP or an agent which inhibits or activates PAP
expression or funciion in & pharmaceutically
acceptable diluent.

It is yet a further object of the present
invention te provide a ¢DNA seguence encading PAPs and
wvectors incorporating all or a fragment of said
sequence, and cells, prokaryotic and evkaryotic,
transformed or transfected with said vectors, for use
in screening agents and drugs which inhibit expression
or functicn of PAPs or PBR in such cells.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages
of the present invention will become better understood
with reference to the following description and
appended claims, and accompanying drawings where:

Figure 1. PAP7 protein expressed in MAID mouse
Leydiyg tumor cells. (A} Western klot. (B),
Immunocytochemistry.

Figure 2. PADP7 mR¥A Tissue distribution
anglysis by Dot blot analysis. (A}, a Master hlot

JP 2004-500009 A 2004.1.8
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containing 100-500 ng of poly(A)+ RNA from mouse
tissues were hybridized at high stringency with a **p-
labeled PAP7 probe as described under “Materials and
Methods. * The autoradiogram was exposed overnight.
(B}, densltometric analysis of PAP7? expression.

Figure 3. PAP7 tissue distribution analysis by
Northern bleot analysis. (A}, Northern blok analysis
was performed using 20 pg of total RNA/lane from
different mouse tissues as indicated. The blot was
hybridized at high stringency with a *P-labeled PAD7
prebe as described under “Materials and Methods®. The
auteradicgram was exposed overnight. (B},
Densitometric analysis of PAP7 expresszion.

Figure 4. FBR tigsue distribution analysis by
Northern blot asnalysis. (4), Northern blot analysis
was performed using 20 pg of total RMA/lane from
different mouse tissues as indicated. The blot was
hybridized at high stringency with a *P-labeled PBR
probe as degeribed undex "Materials and Methods®. The
autoradicgram was exposed overnight. (I3, For
Northern blot analysis, blots were quanticated by
densitometiy.

Figure 5. Imminchistological staining of mouse
tissues with anti-PAPT7 antibody.

Figure &. The effect of PAP7 on Steroid
Biosynthesls. FProgesterone formation in MA-10
stimilated by bCG (A}, for different time course {(B).
The results shown represent the means + §.D. from 2 to
6 independent experiments.

Figure 7. PAP3 mRNA Tissue diztribution
analysis by Dot blot analysis. (A}, a Master bklot
containing 100-500 ng of poly{a)+ RMA from mouse
tissues were hybridized at high stringency with a “p-
labeled PAPZ probe as described under "Experimental

JP 2004-500009 A 2004.1.8
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Frocedures. " The autoradiogram was exposed overnight.
(B), densitometric analysis of PAP3 expressicm.
Figure 8. PAPZQ mENA Tissue distrxibution
analysis by Dot blot analysis. {(A), a Master blot
containing 100-500 ng of poly(A)+ ENMA from mouse
tissues were hybridized at high stringency with a *p-
labeled PAP20 probe as described under "Experimental
Procedures.” The autoradiogram was exposed overnight.

{B), densirometric analysis of PAP20 expression.

DETAILED DREYCRIPTION
The five FAPs described in this application were

discovered using a two-hybrid assay. The two-hybrid
assay Ls a yeast-based genetic assay used te detect
protein-protein interactions in vive. A positive
result optained with the two-hybrid assay allows rapid
identification of genes encoding proteins that
interact with a target protein. In addition the two-
hybrid assay is a sensitive method for detecting weak
and transient interactions, walch are probably the
norm in large native complexes. Most motably. bhecause
the two-hybrid assay is performed in vive, the
proteins invelved are morc likely to he irn their
native conformations.

The two-hybrid assay is based on the fact that
many eukaryobic transcriptional activators consist of
two physically separable modular domains: one acts as
the DNA-hinding domain, while the other functicns as
the transeripticnal activation domain. The DRA-
binding domain localizes the transcription factor to
specific DNA sequences present in the upstream region
of genes that are regulated oy this factor, while the
activation domain contacts other components of the
transcription machinery reguired to initiate

transcription. Both domains are required for normal
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(117)

WO QUA09549 PCTAUSH18507

10

15

20

30

35

12

activation functioning, and normally the two domains
are part of the same protein.

In cur PAPs screening experiment, the MATCHMAKER
Two-Hybrid System from CLONTECH was used. In the
MATCHMAKER System, seguences encoding the two
funetional domains of the GALY transcriptional
activator have been cloned intc twe different
shuttle/expression vectors (pGBTY and pEAD1N) .  The
PGETY hybrid cloning wector is used to generate a
fusion of the GAL4 DNA-binding domain with PBR
protein. The pGADLD hybrid cloning vector ig used te
generate a fusion of the GAL4 activation domain with a
collection of random proteins in a fusion mouge btastls
library (CLONTECH). Both hybrid proteins are targeted
to the yeast nucleus by nuclear localization sequences
that either are an intrinsic part of the GAL4 DNa-
binding domain or have been added to the activation
domain from a heterclogous =source. If PBR protein and
an unknown protein or proteins interact with each
other, the DNA-binding domain of GAL4 will be tethered
to ite krancscripticnal activation domain, and the
proper function of the transcripticon of an appropriate
reporter gene (lacz or HIS3) containing upstream GALJ
binding sites is used to indicate interaction hetween
the two proteins. This allows a pesitive selection for
clones that are transformed by two interacting aybrid
constructs and makes library screening more convenient
and practical. After a positive clone has been
identified, the gene corresponding to the interacting
protein was sequenced using the seguencing primers
provided in the kit.

In one embodiment, the present invention relates
Eoc a DNA or cONR segquence encoding PBR associated
rroteins (PAPs) . Five clones were isolated, PAP3,
comprising 568 bp and identified in SEQ ID NQ:1 (Don,

JP 2004-500009 A 2004.1.8
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J. and Welgemuth, D. J., 18%2, Cell Growth Differ. 3,
485; Ever, L. et al., 1583, Cell Growth Differ. 10,
19-2& ) which encodes a peptide of 83 amino acids
identified in SEQ ID NO:&; PAFT, comprising 577 bp
extending from 638 tec 1164 of ths sequence ldentified
in SEQ ID NO:2, which encodes a polypeptide of 363
amine acids, identified in SEQ ID NO:7; PAPS,
comprising 568 bp identified in SEQ ID NC:3, which
encode a polypeptide of 190 amino acids, identified in
SEQ T NO:8; PAP1S comprising 4350 bp identified in SEQ
ID NG:4, which encode a polypeptide of 164 amino
acids, identified in SEQ ID NO:9; and PAP20 comprising
588 bp identified in SEQ ID NO:5, which euncode a
polypeptide of 1%§ amine acids, identified in SEQ ID
NO:10.

PAP2? has been jidentified as the previously
isolated meg 1 protein.

PAP? and PAPLT are different clones of the same
novel protein product. Additicnal PAP7 segquence has
been obtained using the %', 3°RACE system (CLONTECH)
and the near full-length gene is identified im SEQ ID
ND:2 including the stop codon and some untranslated
sequence at the 3' end. The npolypeptide encoded by
the DMA seguence would have a calculated molecular
weight of about 50 kD. Using an PAP7 antibody
produced from the initial isolated DNA fragment of 577
bp, a protein of about 52 kD is immunoprecipitated as
shown in the Examples below. Analysis of the protein
sequence indicates several concensus seguences and
impertant sites such as: two potential myristoylation
sites at positions 262-267 and 271-276 of SEQ 1D NO:7
and five PKC phosphorvlation sibtes at 395-396, 113-
115, 2585-257%, 280-282, 331-333, and 339-341 of SEQ ID
Ro:7, an Acyl-Co-2A site at position 24-108 of SEQ ID
NO:7, a nuclear localizatlion domain at pesition 150-
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167 of 5EQ ID WO:7, a troponin site at position 98-247
of SEQ ID NO:2 and an H3FI0 domain at position 126-155
of SEQ ID NO:7. The distribution and expression of
PAPT7 were examined in major mouss tissues such as
brain, testis, ovary, adrenal, and kidney, as well as
in tissue culture cell lines such as mouse C6 glicma
cells, MA-10 Leydig cells, and Yi adrensl cortical
cells. The PAP7 expression pattern is similar te the
broader expression profile of PBR in both tlssues and
cell lines involved in steroid biosynthesis.
Additionally, both PBR and FAP7 expressicn level in
tne cell lines correlated with their stercidoganic
biosynthesis ability, which suggests that PAP? may he
involved in stexoid bicsynthesis through PER.

PAP 8, PAPLS, and PAP2D, are novel genes. The
polypeptide enceded Ly PAP20 has two potential
myristoylation sites, one PEC phosphorylation site and
one PEA phosphorvlation site. FProtein myristoylation
enables the protein to attach to the cellular membrane
and thus take part in cell signaling (Caszey, P.J.

1995, Science 268, 221-225; Boutin, J. &. 11997, cell
Zigmal 9, 13-35). PAP20 iy predominantly expressed in
the testis. Interaction of PBR with PAPZ0 increased
the affinity of ligand binding using PE111%S as a
ligand. Therefere, it is likely that PAP20 serves to
incresse or decrease PER function by modulating PBR &
affinity to its endogencus ligand, DBI. The tlssue
dizeribution of FAPI and PAP20 is shown in Figure 7
and Figure B. respectively.

Thus, one aspect of the invention provides an
izolated nucleic acid molecule comprising a
polynucleotide baving a nucleotide sequence selocted
from SEQ ID NO:1-2 encoding PAPs polypeptides. It is
within the skill of & person with ordinary skill in

the art to use the seguences provided herein for the

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(120)

WO 00/H9549 PCT/USS 18507

10

15

25

30

15

purpose of cloning ¢DRA or genomic seguenceas which
encode other parts or complete portions of the FAP
genes described herein and therefore, these related
cequences are encompassed within the present
invention.

In additicn, isclated nucleic acid molecules of
the invention include DNA molecules which comprise a
sequence substantially different from thoge described
above but which, dues to the degeneracy of the genetic
code, =2till encode PAPs. Of course, the genetic code
and species-specific codon preferences are well known
in the art. Thus, it would ke rcutine for one skilled
in the art to generate the degenerate wvariants
described asbove, for instance, to optimize codon
expression for a particvlar hest {e.g.. change codons
in the human mREN& to those preferred by a bacterial
host such as E.coli or gplant host).

Nucleic acid malecules of the present invention
may be in the form of RWA, such as mRNA., or in the
form of DNA, including, for instance, cDNMNAa and genomic
DNA obtained by cloning or produced synthetically.

The DNA may be double-stranded or single-stranded.
Single-stranded DNA or RNA may be the coding strand,
alse known as the sense strand, or it may ke rthe non-
coding strand, also referred toe as the antisense
strand.

By “isolated” nucleic acld molecule(s) is
intended a nucleic acid molecuie, DNA or RWA, which
has been removed from its native environment. For
example, recombinant DNA molecules contained in a
vector are considercd isolated for the purposes of the
present invention. Forther examples of isolated DNA
molecules include recombinant DNA molecules maintained
in heteroleogous host cells or purified (partially or
substantially} DEA molecules in scelution. Isclated
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ENA molecules include in viva or inm vitro RNA
transcripts of the DMA molecules of the present
invention., Isclated nucleic acid molecules according
to the present invention further include such
molecules produced synthetically.

The present invention is further directed to
nucletc acid molecules encoding portions or fragments
of the nuclentide seguences described herein.
Fragments include portions of the nuclecgtide sequences
of at least 10 contiguous nucleotides in length
selected from any two integers, aone of which
representing & 5° nucleotide pogition and a secend of
which representing a 3’ nucleotide position, where the
first nucleatide for esach nucleotide seguence iz
posgition 1. That is, every combination of & 5° and 3/
noclestide position that a fragment at least 10
contiguous nucleotide bases in length or any integer
between 10 and the length of an entire nucleotide
sequence minus 1.

Further, the invenltion includes polynuciectides
comprising fracments specified by sgize, in
nuclectides, rather than lw nucleotide positions. The
invention includes any fragment size, in contiguous
nucleotides, selected from integers between 1- and the
entire length of an entire nucleotide secuence mimus
1. FPreferred sizes include 20-50 nucleotides, 50-300
nucleotides useful as primers and probes. Regions
from which typical sequences may be derived includs
but are not limited to, for example, regions encoding
specific epitopes or domains within said sequence, for
example, the PER binding domain extending in SEQ 1D
NG:1, 2, 3, 4, and 5, potential wyristoylation sites
at positions 262-267 and 271-276 of SEQ ID NO:7 and
fiva PKC phosphorylation sites at 395-396, 113-11%,
255-257, 280-282, 331-333, and 33%-341 of SEQ ID NG:7,
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an Acyl-Co-A site at position 24-108 of SEQ ID NO:7, a
nuclear localization domain at position 150-167 of SEQ
ID NO:7, @ troponin site at position 98-247 of SEQ ID
NO:7 and an HSP30 domain at position 126-155 of SEQ ID
KQ:7, among others.

In ancther aspact, the invention provides
igolated nucleic acid molecules comprising
peolynucleotides which hybridize under stringent
hypridization conditions to a polynucleotbide seguence
of the present invention described above, or a
specified fragment therecf. By "stringent
hybridization cenditions® is intended cvernight
incubation at 42°C in a solution comprising: 50%
formamide, 5X 33C (190 oM WaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6). 5X
Denhardt’s solution, 10% dextran sulfate, and 20 g/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 0.1X 55C at about B5°C.

The sequences encoding the polypeptides of the
present invention or portions thereof may be fused to
other seguences which provide additional functions
known in the art such as & marker seguence, or a
sequence encoding a peptide which facilitates
purification of the tused polypeptide, peptides having
antigenic determinants knowm to provide helper T-cell
stimnlation, peptides encoding sites for post-
translational modifications, or amino acid =egquences
which target the fusiom protein to a desired location,
e.g. a heterclogous leader sequence.

The present inventicn further relates to variants
of the nucleic acid melecules of the present
inventicn, which encode portions, analogs or
derivatives of the PAPs of rthe present invention. &
variant may cccur naturally, such as a natural allelic

variant. By an “alielic variant” is intended one of
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several alternate forms of a gene occupying a given
locus of a chromosome of an organism. MNon-naturally
occuring variants may be produced by known mutagenasis
techniques. Such variants include these produced by
nuclectide substitution, deletion, or addition of one
or more nucleotides in the coding or noncoding regions
or both. BAlterations in the coding regions mey
produce conservative or nonconservative amine acid
substitutions, deletions, or additionz. Especially
preferred among these aras silent substitutions,
additioneg, and deletions which do net alter the
properties and activities of PAPs polypeptides
dizclosed herein or portions thereof. Alse preferred
in this regard are conservative substitutions.

Mucleic acid molecules with at least 90-29%
identity to a nucleic acid identified above is another
aspect of the present invention. These nmucleic acids
are includad irrespective of whether thev enccde a
polypeptide having PAP activity. By “a polypeptide
having BAF activity” ic intended polypeoptides
exhibiting activity similar, but not identical, to an
activity of the PAP of the invention, as measured in
the assays described bhelow. The biolegical acitivity
or function of the polypeptides of the present
invention are expected to be similar or identical to
polypeptides from other organisms that share a high
degree of structural identity/similarity.

In another embodiment. the present invention
relates to a recombimank DNA molecule that inecludes a
vector and a DNA secquence as described above. The
vector can take the form of a plasmid, phage. cosmid,
YAC, eukarvotic expression vector such as a DNA
vector, Pichia pastoris, or & virus vector such as for
example, baculovirus vectors, retroviral vectors or

adencviral vectors, and others known in the art. The
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cloned gene may optionally be placed under the control
of {i.e., operably linked to) certain control
sequences such as promoter sequences, oY Seguences
which may be inducible and/or cell type-specific.
Suitable promoters will be known to a person with
ordinary skill in the art. The expression construct
will further contain sites for transcription
initiaticn., termination and, in the transcribed
region, a ribosome binding site for transiatiom.
Among the vectors preferred for use include pGBTY,
PGADL) (Clonetech), PSVzeo (Invitrogen), p3lueScript
[Stratagene) ., pCMVS (Invitrogen)., pCRIL (Invitrogen)
o name a Eew.

Introduction of the construct intc the host cell
can be effected by calecium phosphate transfection,
electroporation, infection, and other metheds known in
the art and desgscribed in standard laboratory manvals
such as Current Protocols jip Molecular Bioloory,
Ausubel, F. M. et gl. (Eds), Wiley & Sons, Inc. All
documents cited herein supra and infra are hereby
incorporated in their entirety v referece thereto.

In a further embeodiment, the presert invention
relates to host cells stably transformed or
transfected with the ahove-described recombinant DNA
constructs. The host cell can be prokaryotic (for
example, bacterial), lower eukaryotic {for example,
yeast or insect) or higher eukaryotic {for example.
all mammals, including but not limited to rat and
human). Both prokaryotic and euvkaryotic host cells
may be used for expression of desired coding seguences
when appropriate contrel seguences which are
compatible with the designated host are used. Anong
prokaryotic hosts., E. coli ls most frequently used.
Expression control sequences far prokarvotes include

promaters, opticnally containing eperator portions,
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and ribosome binding sitez. Transfer vectors
compatible with prokaryotic hosts are commonly derived
from, for example, pBR3Z2Z, a plasmid containing
cperong conferring ampicillin and tetracycline
regigtance, and the various pUC wvectors, which also
contain seguences conferring antibiotic resistance
markers. These markers may be used to obtain
successful transformants by selection. Please sse
e.g., Maniatis, Fitsch and Sambrook, Maolecular

Cloning; A Laboratorv Mapual {1982) or DNA Cloning,
Volumes I and II {D. N. Glover ed. 1985) for general
cloning methods. The DNA seguence <an be present in
the wector operably linked to a sequence enceding an
IgG molecule, an adjuvant, a carrier, or an agent for
ald in purificaticn of PAPs, such as glutathicne 5-
transferase, or a series of histidine residues alsoc
known as a histidine tag. The recombinant molecule
can be suitable for transfecting plant cells ar
eukaryotic cells, for examples, mammalian cells and
yeast cells in culture systems. Saccharemyces
cerevisiae, Saccharvomyces carisbergensig, and Pichia
pactoris are the most commonly used yeast hogts. and
are convenient fungal hosts. Control sequences for
yeast vectors are knowm in the art. Mawmalian cell
lines available as hosts for expression are knowa in
the art and include many immortalized cell lines
avallable from the American Type Culture Collectiocmn
(ATCC), such as HERZZ3 cells , and NIH 3T3 cells, MALD
Leydig cells, mouse CB glioma cells, Y1 adrenal cells,
and breast cancer cell lines such as MDA-231, MCF-7,
to name o few. Sultable promoters are also known in
the art and include viral prometers such ag that from
SVaD, Rous sarcoema virues {R5V), adanovirus [ADV),

bovine papilloma virus (BPV), and cytomegalovirus
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{CMV) . Mammalian cells may also require terminator
sequences and poly A additicn sequences; enhancer
sequences which increase expression may also he
included, and seguences which cause amplification of
the gene may alsc be desirable. These sequences are
known in the art. The transformed or transfected host
¢ells can be used as a scurce of DNA sequences
described above. When the recombinant molecule takes
the form of an expression system, the transfcrmed or
transfected cells can be used ag a source of the
protein described below.

In another embodiment, the present invention
relates to the PAP polypeptides described zbove or any
allelic variation therecf which is immunclogically
identifiakle with the polypeptides.

A polypeptide cr amino acid sequence derived from
the amine acid sequences mentioned above, refers to a
polypeptide having an amino acid seguence identical to
that of a pelvpeptide encoded in the sequence, or a
portion therecf wherein the porticn consists of at
least 2-5 amine acids, and more preferably aft least 8-
1-

10 aminao acids, and =ven more preferably st least
15 amino acids, or which iz immunclegically
identifiable with a polypeptide encoded in the
sequence.

A racombinant or derived polypeptide is not
necegsarily translated Ivom a designated nucledic acid
sequence; it may be generated in any manner, including
for example, chemical synthesls, or expression cf a
recombinant expressicn system. In addition the
polypeptide can be fused to other profeins or
polypeptides which increase its antigenicity, such as
adjuvante for example.

Az noted above, the methods of the present

invention are suitable for production of any
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polypeptide of any length, via insertion of the above-
describked nucleic acid molecules or vectors inte a
host cell and expression of the nucleotide seguence
encoding the polypeptide of interest by the host cell.
Introduction of the nucleic acid molecules or vegtors
into & host cell to produce a transformed host cell
can be effected by calcium phosphate transfection,
DEAR-dextran mediated transfection, cationic lipid-
mediated transfection, electroporation, transduction,
infection or other methods. Such methods are
described in many standard labeoratory manuals, such as
Davis et al.. Basic Methods In Molecular Biclogy
(1886} . Once transformed host celis have been
obtained, the cells may be cultivated under any
physiologically compatible conditions of pH and
temperature, in any sultable nutrient medium
containing assimilable sources of carbon, nitrogen and
essential minerals that support host c¢ell growth.
Recombinant polypeptide-predoucing cultivation
conditions will vary acceording to the type of wvactor
used to transform the hozt cellsg. For sxample,
certaln expression vectorsz cvomprise regulatory reglons
which require cell growtn ab certain temperatures, or
addition of certain chemicals or inducing agents Lo
the cell growth medivm, £o initiate the gene
expression resulting in the production of the
recombinant polypeptide. Thus, the term “reccrmbinant
polypeptide-producing copdictions, " as used herein, is
not meant te be limited te any one set of cultivation
condirions. Appropriate culture media and conditions
for the above-described host cells and vectors arxe
well-¥nown in the art. Following its production in
the host cells, the polypeptide of interest may be
isolared by several techniques. To liberate the

polypeptide of interest from the host cells, the cells
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are lysed or ruptured. This lysis may be accomplished
by contacting the cells with a hypotonie sclution, by
treatment with a eell wall-disrupting enzyme such as
lysozyme, Dy sonication, by treatment with high
pressure, or by a combinaticn of the above methods.
Other methods of bacterial cell disrupticn and lyeis
that are known to one of ordinary skill may also be
used.

Following disruption, the polypeptide may be
separated from the cellular debrisg by any technigue
sultahle for separation of particles in complex
nixtures. The polypeptide may then he purified by
well knowm isolation techniques. Suitable techniques
for purification include, but are mot limited ro.
ammonium sulfate or cthanel precipitation, acid
extraction, slectrophoresis, immunoadsorpticon, anicon
or cation exchange chromatography, phosphocellulose
chromatography, hydrophobie interaction
chromatography, affinity chromatograplny,
immunoaffinity chromatography, size exclusion
chromatography, ligquid chromatography (LC), high
performanca LC (HPLC), fast performance LC (FPLC),
hydroxylapatite chromatography and lectin
chromatography .

The recombinant polypeptide or fusion protein can
be used, detectably labeled and unlakeled, as a
diagnostic tool for the detection of PAPs or for the
detection and measurement of PBR. Additionally, these
polypeptides can be nged in a method for wodulating
PER expression. In addition, the recombinant protein
can be used 285 a therapeutic agent o reduce cell
Geath and/or increase cell proliferation via its
affect on PBR function. The transformed host cells
can be used to analyze the effectiveness of drugs and

agents which medulate FP3R functiom, expression or
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targeting via their effect on the axpression or
function of PAPs, such as host preteins or chemically
derived agents or other proteins which may interact
with the cell to alter the PAP function or expressiom,
thereby modulating FER function, expression or
localization.

Ir ancther embodiment, the present invention
relates to monoclonal or polyclonal antibodies
specific for the above-described recombinant proteins
for polypeptides). For instance, an antibody can be
raised againet a peptide described above, or against a
portion thereof of at least 10 amino acids.
perferrably, 11-15 amine acids. Persons with ordinary
skill in the art using standard methodology ¢an ralse
menoclonal and polyclonal antibodies to the protein
(or polypeptide) of the present invention, or a unique
portion therecf. Material and mechods for producing
antibodies are well known in the art (see for example
Goding, in, Mopoclonal antibodies: Princinles and
Practice, Chapter 4. 1886).

The amount of PAP expression can be detected at
geveral levels. Uging standard methodology well known
in the art, assays for the detection and quantitation
of PAP RNA can be designed, and include northern
hybridization assays, in situ hybridization assays,
and PCR asgays, among others. Please gee e.y.,
Maniatis, Fltach and Sambrook, Moleculay Clening; A

Laboratory Manual {1982) or DNA Cleoning, Volumes I and

TT (D. ¥. Glover ed. 1985), ar Corrent Protocols in

Molecular Biology, Ausubel, F. M. et al. (Eds}, Wiley
& Sons, Inc. for gereral description eof methods for
nucleic acid hybridization. Polynucleotide probes for
the detection of PAF RNA can pe designed from the
sequences described in BEQ ID NG: 1~9. For example,
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RMA isolated from samples can be cocated onte a surface
such as a nitrocellulose membrane and prepared for
nerthern hybridization. 1In the case of im situ
hybridization of biopsy samples for example, the
tissue sample can be prepared for hybridization by
standard methods knowm in the art and hybridized with
polynucleotide seguences which specifically recognize
BAF RNA. ‘The presence of a hybrid formed ketween the
sample RNA and the polymuclectide can be detected by
any methad known in the art such ag radiochemistry, or
immunochemistry, to oame a few.

One of skill in the art may find it desirabls to
prepare probes that are fairly long and/or encompass
regions of the aminc acid seguence which would have a
high degree of redundancy in the corresponding nucleic
acid sequences. In cther cases, it may be desirable
to use two zets of probes simultapeously, each to a
different region of the gene. While the exact length
of any probe employed is not <ritical, typical probe
sequences are no greater than 500 nucleotides, even
moxe typically they are ne greater than 250
nucleotides; thay may be no greater than 100
auclecotides, and alse may be no greater than 75
nucleotides in length. Longer probe seguences may be
necessary to encowpass unigue polynucleotide regions
with differences sufficient to allow related target
sequences to be diztinguished. For this reason,
probes are preferably from about 10 to about 100
nucleotides in length and more preferably from aboub
20 to about 50 nuclectides.

The DNR sequence ol PAPs can be used to design
primers for use in the detection of PAPs using the
polymerase chain reaction (PCR} or raverse
transciption PCR {RT-PCR). The primers can
specifically bind to the FA® cDNA produced by reverce

JP 2004-500009 A 2004.1.8
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transcription of PAP RWA, for the purpose of detecting
the presence, absence, or quantifying the amount of
PAP lry comparison to a standard. The primers can be
any length ranging from 7-40 nucleotides, preferably
10-15 nucleotides, most preferably 18-25 nucleotides
homologous or complementary to a region of the PAP
sequence. Reagents and controls necessary for PCR or
RT-PCE reactionsg are well known in the art. The
amplified products can then be analyzed for the
presence ox abgence of PAF seqguences, for example by
gel fracticnation, by radiochemistry, and
immunechemical techniques. is method iz
advantagecus since it reguires a small number of
cells. oOnce PAP is detected, a determinacicn whather
the cell is overexpressing or underexpressin PAP can
be made by comparison to the results obtained from a
normal cell using the same method. For example,
increased PAP7? RMA levels correlate with PBR
expression lewvels, especially In sterecidogenic cells,
wherein, an increase in steroldogenic capability of
the <ells correlates with an increase in PBR and PAP7
ENA.

In another embodiment, the present invention
ralates to a diagnostic kit for the detection of PAPR
RWE in ¢ells, sald kit comprising a package unit
having one or more containers of PAP cligonuclestide
primers for detectien of PAF by PCR or RT-PCR or PAP
polynucleotides for the detaction of PAP ENA in celle
by in situ hybridization oy northern analysis, and in
some kits including containers of various reagents
nsed for the method desired. The kit may alse contain
one or more of the following items: polymerization
enzymes, buffers, instructions, contrals, detection
labels. Kits may include containers of resgents mixed
together in suitable prepartions for performing the
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methods in accordance with the invention. Reagent
containers preferably contain reagents in unit
quantities that cobviate measzuring szteps when
performing the subject methods.

In a further embodiment, the present inventicn
provides a method for identifying and gquantifying the
lavel of PAP present in a particular kiclogical
sample. 4ny of a variety of methods which are capable
of identifying {(or quantifying) the level of PAP in o
sample can ke used for this purpose.

Diagnostic assays to detect PAPS may comprise a
blopsy or in situ assay of celle from an organ or
tigsue zections, as well as an aspirate of cells from
a tumor or normal tissuve. 1o addition., assays may be
conducted upon cellnlar extracts from organs, tiszsuss,
cells, urine, or serum or blood or any other body
fluid or extract.

When assaying a biopsy, the assay will conprise,
contacting the sample to be assayed with a PAP ligand,
natural or syathetic, or an antibody, polyclonal or
monoclonal, which recognizes PAF, or antiserum capable
of detecting PAF, and detecting the complex formed
between PAP preseni in the sample and the PAP ligand
or ankibody added.

FAP ligands or substrates include for example,
PBR, in addition to natural and synthetic classes of
ligands and their derivatives which can be Jerived
frem natural seources such as animal or plant extracts.

PAP ligands or antl-PAP antibodies, or fragments
of ligand and antibodies capable of detecting PAP may
be labeled using any of a variety of lahels and
methods of labeling for use i diagnosis and prognosis
of disease assoriated with Iincreased cell
proliferation, such as cancer, or reduced cell death.

Examples of types of labels which can be used in the
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present invention include, but are not limited to,
enzyme labels, radioisctopic labels, mon-radicactive
isotopic labels, and chemiluminescent labels.

Examples of suitable enzyme labels include malate
dehydrogenase, staphylococcal nuclease, Jdelta-5-
stercid isomerase, yeast-alcohcl dehydrogenase. alpha-
glycerol phosphate dehydrogenase, triose phosphate
isomerass, peroxidase, alkaline phosphatase,
asparaginase, gluccse oxidase, bera-galactosidase,
ribonuclease, urease. catalase, glucose-6-phosphate
delydrogenase, gluccamylase, acetylcheline esterase,
atc.

Examples of switable radioisotopic labels include
‘B, "Io, 'z, Yp, Mg, YC, Yro, Yco, “Fe, "se, ™mu,
Py, Fop, Moy, Mar, MPb, Yse, Y0pd, Yo, YR, PI, etc.

Examplez of suitable non-radicactive isotopic
labels include '7Gd, “Mn, '"Dv, ¥Tr, *Fe, ete.

Examples of suitable fluorescent labeis include a
gy label, a fluorescein label, an isothiocyanate
label, a rheodamire label, a phycoerythrin iabel, a
vhycodyanin label, an allcophycocyvanin label, a
flucrescamine label, etc.

Examples of chemiluninescent labels inciude a
luminal label, an isoluminal lak<l, an aromatic
acridinium ester label, an imidazoles lakel, an
acridinium galt label, an aralate ester lahel, &
luciferin label, a luciferase label, etc.

Those of ordinary skill in the art will know of
other suitable labels which may be emplayed in
accordance with the presernt inwvention. The binding of
these labels to ligands and tc antibodies or fragments
thereof can be accomplished using standard technigues
commonly known to those of crdinary skill in the art.
Typical fechniques are described by Kennedy, J. H., et
&l.,1976 (Clinz. Chim. Acta 70:1-31), and Schurs, A. H.
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W. M., et al. 1877 (Clin. Chim Acta 81:1-40).
Coupling technigues mentioned in the latter are the
glutaraldehyde method, the pericdate method, the
dimaieimide method, and others. all of which are
incorporated by reference herein.

The detection of antibodies {or fragments of
antibodies) of the present invention can be improved
throuvgh the use of carriers. Well-known carriers
include glass, polystyrene, polypropylene,
polyethylene, dextran, nylon, amylases, natural and
modified cellulo=es, polyacrylamides, agaroses, and
magnetive. The nature of the carrier can be sither
soluble to some extent or inscluble for the purposes
of the present invention. The support material may
have virtually any possible structural configuration
so long as the coupled molecnle is capable of binding
to PA¥. ‘Thus, the support configuration may be
spherical, as in a bead, or cylindrical, as in the
inside surface of a test tube, or the external surface
of & rod. Alternatively. the surface may be flat such
as @ sheet, test strip, etc. Those skilled in the art
will nhote many other sultable carriers for binding
moneclonal antibody, or will be able to ascertair the
same by use of routine experimentation.

The ligands or antibodies, or fragments of
antibodies or ligands of PAPs discussed above may he
used to guantitatively or gualitatively detect the
presence of PAF. Such detection may be accomplished
using any of a variety <f lmmuncassays known Lo
persons of ordinary skill ip the art such as
radiolmmuncassays, imminometic assays, etc. Using
standard methodology well known in the art, a
diagnestic assay can be constructed by codting on a
aurface (i.e. a solid support) for example, a

microtitration plate or a membrane {e.g.
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nitrocelluclose membrane), antibodies specific for PAF
or a portion of PAP, and contacting it with a sample
from a person suspected of having a PEP related
dizease. The presence of a resulting complex formed
between PAP in the sample and antibodies specific
therefor can be detected by any of the known detection
methods commen in the art such as fluorescent antibody
spectroscopy or colorimetry. A good description of a
radicimmine assay may be found 1n Loberatory
Technigues and Bipchemistiy in Molecular Eiolaooay. by
Work, T.5., et al. North Holland Publishing Company,
MN.Y. (1973), incorporated by reference hersin.
Sandwich assaye are described by Wide at pages 125-206
of Badicimmune Asday Method, edited by Kirkham and
Hunter, E. & &. Livingstone, Edinburgh, 1%70.

The diagnostic methods of this invention can be
predictive of diseases invelving PER including
gallstones, atherosclerosis, Niemann-Fick C,
Sitosterolemia, Dyvstrophy, Tumcr proliferation
(tumorigenesis), Schuyder’s corneal crystalline
dystrophy. Brain disorders include cholestercl
metabolism and Alzhneimer's dicease, Tellurium
toxicity, Smith-Lemli-Opitz eyndroms, myelinization,
developmental abnormalities and demyelization
Charcot-Marie-Tooth disease; Pelizasus-Merzbacher
disease, Multiple sclerosis, SLA, Zo name a few.
Alternatively, the methods and compositions may be
useful as prophylactic treatment, or in screening for
compounds effective in prophylactic treatments.

The recombinant protein can he used to identify
inhibitors or activators of a PAP activity which
allows the identification of drugs or agents which
modulate PBRE actlvity. Using 2n assay as described
below in the Examples=, or for example, introducing a

JP 2004-500009 A 2004.1.8
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drug or agent Lo a cell epressing a PAP and detecting
a ilncrease or decrease in the level of PAP RNA or
protein, natural and synthetic agents and drugs <an be
discovered which result in a reduction or elimination,
er increase in a FAP actlvity. xnowledgs of the
mechanism of action of the inhibitor or activator is
not necessary as long as a decrease or increase in the
activity of a PAF is detected. Inhibitors may include
agents or drugs which either bind or sequester the
PAF's suhstrate(s), such as PBR, or cofactor{s). or
inhibit PAP itself, directly, for example by
irreversible binding of the agent or drug to the FAP,
cr indirectly, for example by introducing an agent
which binds the competes with PAP binding to irs
substrate. Activators may include cofactors necessary
for proper PAP funcblon or agents which allow a higher
turnover rate of binding or releasze of the PAP to/from
PER or the particular PAP substrate. Agents or drugs
related to this ‘nvention may result in partial or
complete inhikition or wvarious degrees of activation
of PAP which may or may nobt result in modulatien of
PER function. Inhikitors or activators of PAP
activity may be vsed in the treatment or amelioration
of conditions such as stress, cancer,
neuradegenerative discrdezrs, i.e. strokes, Alzheimer’s,
developmental disorders, infertility, and immune
disorders.

Agents which decrease the level of PAF (i.e. in a
human or an animal} or reduce or inhibit PAF activity
may be used in the therapy of any disease associated
with the elevated lewvels of PAF. Simdlarly. agents
which increase the level of PEP or activate PAP
activity may be used in the therapy of any dizease
asgoclated with reduced levels of PAP. An increase or
decrease in the level of PAP iz determined when the

JP 2004-500009 A 2004.1.8
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change in the level of PAP is about Z-3 fold higher or
lower than the level of PAP in the normal cell, up to
about 10-100 fold higher or lower than the amount of
PAP in a normal cell Agents which decrease PARP RNA
include, but are not limited te, one or more ribozrymes
capable of digesting PAP RNA, or antisence
oligenugelectides capable of hybridizing to PAP RNA
such that the translation of PAP i1z inhibited or
reduced resulting in a decrease in the level of PAP.
These agents can be administered as DNa, as NA
entrapped in proteoliposomes contalning viral envelope
receptor proteins (Kanoda, Y. et al., 198%, Science
243, 375) or as part of a vector which can be
expressed in the target cell such that the IWA or RNA
is made. Vectors which are expressed in particular
cell types are known in the art, for example, for the
mammary gland, please see ¥urth, (1997) (F. Mammary
Gland Biol. Neopl. 2. 373} for examples of conditional
control of gene expression in the mamnary gland.
Alternatively, the DNA can be injected along with a
carrier. A carrier can be a protein such as a
cytokine, for example interleukin 2, or polylysine-
glycoprotein carrier. Such carrier proteins and
vecktors and methods of using same are known in the
art, In additicn, the DNA could be coated onto tiny
gold beads and gaid beads introduced intoe the skin
with, for exemple., a genme gun (Ulmer, J. B. et al.,
1993, Seience 259, 174%5).

Alternatively. aantibodies, or compounds capable
of reducing or inhibkiting PAP activity, that is
reducing or inhibiting either the expression,
production or activity of PAP, such as antagonists,
can be provided as an lsoltated and substantially
porified protein, or as part of an expression vector

copable of being expressed in the target cell such

JP 2004-500009 A 2004.1.8
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that the PAP-reducing or inhibiting agent is produced,
Similarly, compounds capable of increasing or
activating PAP activity, that is increasing or
activating either the expression, productien, or
activity of PAP, such as agonists, can be provided as
an isolated and substaially purified protein, or as
part of an expression vectoer cepable of heing
expressed in the target ¢ell such that the PAP-
elevating or activating agent is produced. In
addition, factors which affect the stability of the
protein, and co-factors such as varicus ions, i.e.
CaZ+ {Calve, D. 5. and Medina, J. E., 1993, J. Recept.
Res. 13:975-987), or anlons, such as halides or anion
channel blockers such as DIDS

(4,4 diisothiocyanostilbene-2, 2 -disulfonic acid), an
ion tramsport blocker (Skelnick, P., 1587, Bur. J.
Pharmecol  133:205-214), or factors which affect the
stability of PBR such as lipids, for example, the
phospholipids phosphatidyleserine and
phosphatidylinesitol whereby the presence of the
phosphoiipids is reguired for receptor activity
{Moynagh, P. N. and Williams, D.C., 1952, Biochem.
Fharmacel. 43:1939-1945) can be administexed to
modulate the expression and functicon of the FPAPs and
FBR. These formulations can be adwinisterad by
standard routes. In general, the combinations may be
administered ky the topical, transdermal,
intraperitoneal., oral. rectal, or parenteral {(e.q.
intravenous, stbcutanecus, or intramuscular) route.
In addition, PAP-inhibiting or PAP-activating
compounds may be incorperatcd into biosdegradable
polymers being implanted in tne viecinity of where drug
delivery is desired, for example, at the gite of a
tumor or implanted so that the PAP-inhibiting or PaAR-
activating compound ls slowly releassd systemically.

JP 2004-500009 A 2004.1.8
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The bicdegradable polymers and their uss are
described, fox example, in detail in Brem et al.(1991)
J. Neurosurg. 74, 441-44&. These compounds are
intended to be provided to recipient subjects in an
amount sufficient to effect the inhibition of PAP.
Similarly, agents which are capable of negatively or
positively effecting the expression, producticn,
stability or functicn of PAP, are intended to be
provided to reciplent subjectks in an amount sufficient
to result in the desired effecr. An amcunt is said to
be sufficient to *effect” the irnhibiticn or induction
of PAP if the dosage, route of administration, etc. of
the agent are sufficient to influence zuch a rasponsa.
The PAPs identified in this application were
discovered due to their apility to assoclate with PRR,
and may play & rele in the proper targeting, function,
expression, or stabhility of PBR. Therefore, a method
for inhibiting or reducing PBR function, or altering
the locallization of PBR, weould include a methed for
digsociating PAPs from the receptar. This is possible
using zgents which block the site en PER at which
these PAPs associate with PBR, or alternatively,
blocking the site on (he PAPs which is invelwved in
PBR-association. Buch agents would include antibodies
or antogonists which recognize such sites or which
alter the conformation of these sites such that PAP
and PBR association is inhibited or eliminated.
Agents which decrease the level of PER (i.c. im a
human or an animal) or reduce or inhibit FER activity
may be used in the therapy of any disease asscciated
with the elevated levels of FER such as metastatic
cancer, for example breast cancer, or diseases
associated with increased cell proliferation or
increased choiesterol transport into the cell. An
increase in the level of PBR is determined when the
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level of PBR in a tumer cell is about 2-3 times the
level of PBR in the normal cell, up Lo about 10-100
times the amount of PBR in a normal cell,

Antibodies or compounds capable of reducing or
inhibiting the asscciation between PBR and FAPs can be
provided as an isolated and substantially purified
protein, or as part of an expression vector capable of
being expressed in the target <ell such that the PBR-
BAP-association reducing or imnibiting agent is
produced@. These foermulaticons can bhe administered by
standard routesg. In general, the combinatiens may be
administered by the topical, transdermal.
intraperitoneal, oral, rectal, or parenteral {e.g.
intravenous, subcutanecus, or intramuscular] route.

Tn addition, these compounds may be incorporated into
blodegradahle polymers heing iwmplanted in the vicinity
of where drug delivery is desived. for example, at the
site of a tumer or implanted so that the compound is
slowly released systemically. The bilodegradable
polymers and their use are describeda, for ewample, in
detail in Brem et al.(19231) 7. Neurcsurg. 74, 441-446.

These compounds are intended te be provided to
recipient subjects in an amount sufficient to effect
the inhikition of PER/PAF association.

In line with the functien of PBR in cell
proliferation, agents which stimulate the function of
PBR by increaszing the association of BAFs to PBR, may
be used in the therapy of any disease assoclated with
a decrease of FBRR, or a decrease n call
proliferation, wherein PER iz capable of incrsasing
such proliferacicon, e.g. developmental retardation.
PBR has also been shown te be invelved in cholestercl
cransport., therefore, an agent or drug which results

in an increase in I

noction or stability of PER and its

associated PAPs cair be used to increase cholestercl
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trangport into cells. Diseasez where cholecterol
transport is defficient include lipoidal adrenal
hyperplasia, and diseases where there iz a reguirement
for increased production of compounds requiring
cholesterol such as myelin and myelination including
Alzheimer's disease, spinal chord injury. and brain
development neurcpathy [Snipes, G. and Suter, U.

{1997) Cholestercl and Myelin. JIn: Subcellulay
Biochepistry, Robert Bittman (ed.), wvol. 28, pp.173-
204, Plenum Press, New York], to name a few.

In providing a patient with any agent which
modulates the expression, function, targeting, or
association of PAF or FBR as discussed above, the
dogage of administered agent will vary depending upon
such factors as the patient’s age, weight, height,
sex, general medical condition, previous medical
history, etc. In general, it is desirable to provide
the recipient with a dosage of agent which is in the
range of from about 1 pg/kg to 10 mg/ky (body weight
of patient}, although a lower or higher dosage may be
administered.

A composition is saild to be *pharmacclogically
acceptable” if its administraticn can be tolerated by
a reciplent patient. Such an agent is said to be
administered in a "therapentically effective amount®
if the amountc administered is physiclogically
significant. &n agent is physialogically significant
if its presence results in a detectable change in the
physioclogy of a reciplent patient.

The compounds of the present invention can be
formulaked azccording to known methods to prepare
pharmacencically userul compositions, whereby these
meterials, or their functicnal derivatives, are

compbined in admixture with a pharmaceuticallwy

A 2004.1.8
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acceptable carrier vehicle. Suitable vehicles and
their formulatiecn, inclusive of other human proteins,
2.g., buman serum albumin, are described, for examnple,
in Eemipcton’s Pharmaceutical Sciences [16th &d.,
Ozol, A. ed., Mack Easten PA. {1%80]). In order to
form & pharmaceutically acceptable composition
sultable for effective administratiorn, such
compositions will contain an effective amount of the
above-described compounds together with a suitable
amount of carrier vehicle.

2dditional pharmaceukical methods may be employed
to copntrol the duration of action. Contral release
preparations mav be achisved through the use of
polymers to complex or absorb the compounds. The
controlled delivery may be exsrcised by selecting
appropriate macromolecules (for example polvesters,
polyamino acids, polyvinyl, pyrrolidone,
ethylenevinylacetate, methylcellulose,
carboxymethylcellulose, or protamine sulfate) and the
concentration of macromolecules asz well az the method
of incorporaticn in order to contrel relsase. Another
possible method to contrel the duration of action by
controlled release preparations is to incorporate the
compounds of the present lnvention inte particles of a
polyneric material such as polyesters, polyamino
acids, hydrogels, polyllactic acid) or ethylene
vinylacetate copolymers. Alternatively, instead of
incorporating these agents into polymeric particles,
it is pessible to entrap these materials in
microcapsuleg prepared, for example, interfacial
polymerization, for example, hydroxymethylcellulose or
gelatin-misrocapsules and
poly (methylmethacrylate)microcapsules, respectively,
oY in colloidal drug delivery systems, for exanple,
lipozomes, albumin microspherss, microemulsions,

JP 2004-500009 A 2004.1.8
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pancparticles, and nanccapsules or in macroemulsions.
such techniques are discleozed in_Renminaton’s
Phapmacewtical Sciences [1980).

The present invention alsc provides kits for use
in the diagnoztic or therapeutic methods described
above. EKits according to this aspect of the invention
may comprise ope or more containers, such as vials,
tubes, ampules, bottles and the like, which may
comprize one or more of the compositions of the
invention.

The kits of the invention may comprise one or
more of the following components, one of more
campounds or compositions of the invention, and one or
mare excipient, diluent, or adjuvant.

Tt will be readily apparent te ane of crdinary
skill in the relevant arts that other suitable
modifications and adaptations te the methods and
applications described herein are obwvious and may be
made without departing from the scope of the invention
or any embodiment thereof. Eaving now described the
present invention in detail, the same will be more
clearly understood Ly reference to the following
examples, which are included herewith for purposes of
illustration only and are neot intended to ke limiting
of the inventicon.

The following Materials and Methods were used in
the Examples desribed below.

Material and Methods

Materials

[e-"PIdCTP (specific acoifity, 3000 Cil/mmell,
[1,2,6,7-N-"K]progesterone (specific activity, 94.1
Ci/mmol) and *H-1-{2-chlorophenyl)-N-methyl-N- {1-
methyl-propyl} -3-isocquinelinecarboxamide (PK 11195)

[specific activizy, 86.9 Ci/mmol) were obtainsd from

JP 2004-500009 A 2004.1.8
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WEN Life Science Products (Boston, Ma}. PK11135 was
obtained from Research Biochemicals, Inc. {Natick,
MA). Nitrocelluloge {(0.4% pm} was from Hoeffer
Scientific (fan Francisco, CAY. 22R

Hydroxychelesterol was purchased from Sigma.
Reatriction enzymes were from Stratagene (La Jolla,
C2} and New England Biolabs (RPeverly, Ma). Cell
culture supplies were purchased from from Life
Technologies, Inc. (Grand Island, NY). Tissue culture
plasticware was from Corning {Corning., NY).
Electrophoresis reagents and materials were supplied
from Bickad. 21l cther chemicals used were of
analytical grade and were obtained from various
commercial sources.

Strains and media

The genotvpe of the Saccharomycses cerevisiae
reporter strain HF7c le MATa, ura3-52, his3-200, lysZ-
801, ade2-101, trpl-583, leuz-3, 117, gald-542, galso-
538, L¥32::GAL-HIS3, URA3::(GALY 17-mexrs),-C¥Cl-lacZ
{CLOMTECH, Palo Alto, CA). Yeast strains were grown
at 30°C in standard liquid YPD medium or minimal SD
gynthetic mediwe with appropriate supplement amine
acids (CLONTECE, Palo Alto, CAd.

Plasmids and construction

The mouse PBR ¢DNA coding seguence was subcleoned
into pGET? (CLONTECHE, Palo Alto, CA} at EcoR I and
BaH T sites (pCBT-PBR). The fusion site was verifiead
by seguencing. TFunctional fusion PER protein,
expressed in yeast cells, was verified by PBE ligand
binding assay. HMouse testis cDNE library was
constructed in pGADIY [LEUZ, GAL4 {768-881)1]

{CLONTECH, Falo Alte, TA). Amplification of premade
librariss was performed by growing the transformants

on LB-agar-amplcillin and purifying the plasmids DNA
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with TAGEN Plasmid Gige kit (QIAGEN, Valencia, CA).
In the transfection experiments, PAP? partial sequence
{including 192 EBmino acids C-terminal seguencel was
inserted into pSVzeo vector (Invitrogen, Carlsbad ,
CA) at EcoRI and Bamdl sites.

Yeast two-hybrid screening

The Clontech MATCHMAKFER two-hybrid system was
applied in this study (detailed in manufacturer's
instruction book) . Briefly, the yeast reporter host
strain HF?¢ was simultaneously cotransformed with both
pGBT-PBR and the mouse testis cDNA likbrary in pGADLO
plasmid by using lithium acetate high-afficiancy
method (Gietz, D. et al., 1%%2, Nuclelc Acids Res. 20,
1425} . HIS positive clones were further selected by
coleony 1lift filter assay for p-galactosidase activity.
Plasmid DNA was rescued in Eschericnia ceoli DHS? Lrom
veast cells. Flasmids were retransformed into yeast
HF7¢ cells with plasmid pGET-PBR to test for hiztidine
prototrophy and p-galactosidase activity {Cliontech
marual) . The cDNA inserts from the pesitive clones
were seguenced. The full length PAF7 cDNA was
chtained by using §° and 3’ RACE kit from kit
{CLOMTECH, Palo Alto, CA).

Sequence aualvsis

The ARI TRISMTM dyes termipator cycle saguencing
ready reaction kit (PE Biosystems, Foster City , €R)
and an Applied Biosystems seguencar were used for
sequencing (Applied Biosystems, Foster City ., CA) at
the Lombardi Cancer Center Sequencing Core Facility
{Gecrgetown Unviersity!., DNAR sequences were analyzed
by using Entrez ard BLAST program against GenebBankTM

Database.

JP 2004-500009 A 2004.1.8
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Cell culture transignt transfection

MA-10 cells were grown in madified Waymouth's
MB752/1 medivm containing 215% horse serum, as
described previously [Fapadopoulecs, V. ek al., 1399,
J. Biel. Chem. 265, 3772-377%). WMouse Cb glioma and
mouse Y1l adrenal cortical cells were cultured in DMEM
and DMEM F12 repectively, with 10% fetal bovine serum.
Mald celle were transiently transfected by
electroporation (EL Befnawy, T. et al., 1996, Mol.
Cell Endocrinol. 119, 207-217). Each Genepulser
cuvette (0.4 cm-gap, BicRad, Herculeg, A) contalned
8xi0® cells in 350 ul antibiotic-free complete
Waymouth's growth medium (see above}, plus 30pg
plasmids DNA in 50 ul of 0.1 ¥ TE. Cells in
clectroporation cuvettes were electro-shocked at 330 V
and at a capacitance of 950 pFd generated from
Genepulser {BioRad, Bercules, CA). The cells were
kept lmmediately on ice for 10 min before plated into
96 well plates.

Radipligand binding gssavs

‘H-1-{2-chlorophenyl}-N-methyl-N- (l-methyl-
propyl)-3-iscqguinolinecarboxamide (PK 11185} (NEM,
Boston, MA) binding studies were performed as we
previously described (Fapadopouleos, V. et al., 1390,
supra; Garnier, M. et al | 1994, Molecular
Pharmacclogy 45, 201-211). The disscciation constant
[Kd} and the number of binding sites (Bmax) were
determined by Scatchard plot analysis of the data
using the LIGAND program {(Munson, F. J. and Rodbard,
D., 1980, Anal. Biochem. 107, 220-239).

BNa (Morthern) blet analvsis

Total tissue and cellular RNA was iaclated by the
acid guanidinium thiccyanate-phenol-chloroform
extraction method using RNA STATG0 reagent (Tel-Test

JP 2004-500009 A 2004.1.8
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Inc., Friendswacd, TX}. ERNA was separated by denature
electrophoresis and tranzfered to Nytran membrane
{Schleicher & Schuell Inc., Keene, NH). The RNA blots
were hybridized with P labeled BAR7 cDNa probe
generated from random priming (Boehringer Mannheim,
Indianapolis, IN). BAutoradiography was performed by
exposing Kodak X-Omat AR fiims {Eastman Kedak,
Rochester, NY} to the blots at -B0°C overnight.

Steroid biosynthesis

MAR-10 cells were plated into 96-well plats at the
density of 2.5x10%well for cvernight. The cells were
gtimplated with 50 ng/ml hTG in 0.2 ml/well serum-free
medium for 2 hours. The culture medium was collected
and tested for progestercns preoduction by RIA. The
agssay was carried out by using anti-progesterons
antisera (ICN, Costa Mesa, CA), following the
conditions recommended by the manufacturer. The
progesterone productlion was ncrmalized by the amount
of protein in each well. Radicimmunoassay data was
analyzed usiung the software previded by Wallac (EGRG
Wallar, Baithersburg, MD) .

antibodvy generatiorn gpd Western analvsis

Rabbit anti-BAPR7? antibody was prepared by
gequential immunization with a peptide
SSDEEEEEEFNVTCEEKARKNANKF (SEQ ID NO:11) of BAE7
protein, which was coupled to KLH. PAP7 antibodies
were purified by an affinity resin containing the same
peptide immobilized onto agarosze (Bethyl Laboratories,
Montgomery, TX). HMal0 cells were solubilized in
sample buffer {25 mM Tris-HCl (pH6.8), 1% SDS, 5% B-
mercaptosthanol, 1 mM EDTA, 4% glycerol, and 0.01%
bromophensl blue}, boilled for 5 min, and loaded onto a
15% $DS-PAGE minigel (MiniProtein II System, BioRad,
Richmond, CA). Electrophoresis was performed at 25
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mh/gel using a standard SDS-PAGE running buffer {25 mM
Tris, 192 oM glycine, and 0.2% SDS). The proteins
were electropharetically transferred to nitrocellulose
membrane (Schleicher & Schuell Inc., Keene, NH). The
menbrane was incubated in blocking buffer [TTES buffer
{20 mM Tris/HCl, pHE 7.5, 0.5M NaCl, and 0.05% Tween-
20) containing 10% Carnation nonfat milk) at room
temperature for 1 hour, followed by incubation with a
primary antibody against PAPT (1:2000} for 2 hours.
The membrsne was washed with TTES three times for 10
min each bime. After ene-hour incubatiecn with the
secondary antibody, goat anti-rabbit IgG conjugated
with HRP (Signal Transduction), the mwembrane was
washed with TTBS three times for 10 min each time.
Specific protein bands were detected by
chemiluminescence using the Renaissance Kit {(DuPont-
New England Nuclear, wWilmington, DE) according to
manufacturer’s directions.

Ma-10 cells were cultured on four-chambered
superCell Culture Slides (Fisher Scientific,
Pitteburgh, PA) and fixed with methanol at 4°C fer 15
min. The fixed cells were incubated with PAPT
antibody (1:250 dilution) with or without PaAPT peptide
for 1 howr. After washing, the cells were incubated
with HEF conjugated goat anti-rabbit secondary
antibody {(Transducticn Lak, Lexington, KY) for 1 hour.
PAP7 staining was visualized with peroxidase usipng AEC
{(I-amino-8-ethyl carbazolc) as a chromegen to yield a
red reaction preduct. BAfter councerstaining with
hematoxylin, slideg were dehydrated and permanesntly
mounted.

Immunchiscochemistry

JP 2004-500009 A 2004.1.8
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Mouse tissues were freshly snapped in licuid
nitrogen. Specimens were fixed in cold methanol right
after sectioning for 5 min. The slides were then
placed in a chamber containing O.3% HC, solution in
methanel for 20 min at room temperature to inhibit the
endegenous peroxidase activity and then incubated in
blocking solution (10% goat serum) (Zymed, Scuth San
Francisco, CA} for 15 min. Subseguently. the slides
were incubated with anti-PAP7? antibody {1:250) for 2 h
at room temperature, washed with water and PRES,
incubated with HRP conjugated goatbt anti-rabbit
secondary antibody for 1 hour at room temperature, and
then washed with PBS. After treatment with AEC
reagent for 1 hr at 37°C for color stalining, the
sections were counterstained with hematoxylin,
dehbydrated and permanently mounted.

Protein guantification ans Statistical analysis

Proteins were quantified by dye-binding assay of
Bradford (Bradford, M. M., 1%7G, Anal. Biochem. 72,
248-254) with hovine serum albumin ag the standard.
Statistical analysis was performed by ANOVA followed
Ly the Student-Newran-Keuls test or the Dumnett
meltiple comparisons test using the Instat (v.2.04)
package from GraphPad, Inc. (San Diego, CAa).

Example 1
iated ins

We have used the MATCHMAKER Two-Hybrid System
from CLONTECH in order to clone genes whose products
interact with PBR protein. GAL4 (1-147)-F2R fuszion
(plasmid pGBETS + FPBR) was used as a balt to screen a
mouse MATCHMAKER testis cDEE library constiucted into
the pGADIC two-hybrid vector. about 3x10°
transformants were tested, and five positive clones

wexe obtained for their ability to interact with PER.

JP 2004-500009 A 2004.1.8
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Library plasmids from these transformants were rescued
in E. coli strain DHSa. Both the His+ phenotype and
the expression of fi-galactosidase were confirmed by a
second-round transformation of strain HF7c carrying
pPGETS-FBR {Table 1).

Table 1: Summary of yeast two hybrid screen of mouse
testis library by PBR

Clone His3 B-Galactosidase
activity

PAP3 + ++

PAPT7 + +4

PAP20 + ++
Positive control + 44

Plasmids from these positive clones were first
analyzed by reatriction enzyme digestion and followed
hy sequence analysis. Two cleones were shown to be
coded by single gene, which was an unknown gene and
was named as FBR associated protein 7 {(PAP7). The
other three clones encoded different products. After
5" RACE and 3’ RACE, PAF7 cDNA clone was completely
sequenced on both scrands (SEQ ID NO:2) and it encoded
a d63-amino acid protein with a calculated melecular
walght of about 52 kDa. A homology search in the
Genshank database using the BLAST pregram showed that
thie is a new seguence, previously unidentified.

Example 2

PAPT protein exvression in Ma-10 levdig tumor

cells

The total MA-10 cell protein extracts were

analyzed by western blet using PAP7 antibody. This
antibody specifically recognizes a 50 kDa-protein band
{Fig. 1lAl. The PAP7 protein e¥pression in MA-10 cell

JP 2004-500009 A 2004.1.8
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was also checked by immunocytochemistry. PAP7
antibody specifically stained Ma-10 cell, with the
signal mostly localized in the cytoplasm (Figure 1B).
This signal can be neutralized by PAP7 peptide, which

wae used Lo generate and purify this antibody.

Example 3
PAPY cells and tissue expression by Dot and

Herthern Blot

By dot bot analysis, PAP7 was cbeserved to be
highly expressed in bralin, eye, submax gland, testis,
and ovary. Interestingly. PAP7 expression was at its
highest level at early embryonic stage, and decreaszed
before birth (Fig.2a and ZB). Consistently, FaP7 mEMZ
was expressed in adrenal, brain, heart, liver, testis
and ovarian tissues by Northern blot analysis. FPLP7
nad a 1 kb transcript which was only expressed in
testig and a 3 Kb major mRNA transcript in the other
tissues (Fig. 3a and 3B). PAPT was also highly
expressed in three cell lines, C6 gliome, MA-10 Leydig
calls and Y1 adrenal cells, which have been widely
used for studying sreroid biocsynthesis. All taree
cell lines expressed FAPT transcript of the same
moleculay weight sire as in nermal tissues. The PaPT
expression level in these cell lines was
proporticnalily correlated with their steroidogenic
capability (Fig. 32 and 2B). The PBE mRNA expression
level was also checked in these same rissues and cell
lines. The PBR expression level was parallel with
FAPT mRNA expression pattern, especially in those
three cell lines (Fig. 4A and 4B).

Examplies 4
07 el ar distribution

PAPT protein expression in different tizsues was

checked by immunchistochemistry (Fig 3). PAPT was

JP 2004-500009 A 2004.1.8
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present in both Leydig and germ cells im testis
(Figure 5C and 5D], in hypocampus and neuronal cells
in brain {Figure LE and 5F), in fasciculata cells in
adrenal gland (Figure 5G and SH}. and in granulosa
cells in ovary (Figure SA and 5B). Liver and kiéney
expressed lew level of PAPT protein (data not showm) .
Eech specimen was stained with PAP7 peptide
nentralized antibody ag a negative contrel.
Subseguent in situ hybridizalion studies showed that
PAP7 MRNA followed PAP-7 prorein expression.
Example &

The.effeckt of PAPT on steroid biosynthesic in Ma-
18 cell

PAP? partial sequence including PER binding

domain was subcloned into pS§Vzeo mammalian expression
vector. This pSvzeaPAP7 vector was transiently
transfected into MA-10 cells. pSVzeo empty vector was
also transfected into cells as contrel. The
capability of steroid biosynthesis of both empty
vector pSVzeo transfecrtants and pSVzecoPAPT
transfectants was ¢hecked by monitoring the
progesterons production in response to hormonal {(hCG)
stimulation. PAP? transfectants bed significently
reduced the level of progesterone producktion in MA-10
cells as compared with pSVzeo veceor transfectant at

a dose and time dependent manner (Fig &) .

Discussion

In order to better utnderstand the mechanism of
how PER regulates cholestercl transport activity in
sterocid biosynthesis, we performed yeast two-hybrid
assay to identify the PBR assoclated protein(s).
Mouge PEBR ¢DMNA was inserted into the pGBTY vector to

generate a GAL4 DNA-binding domain and PBR fusion

JP 2004-500009 A 2004.1.8
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praotein as bait. The receptor ligand binding activity
of the fusion protein with PBR ligand, PK11195, was
teated. Our result indicated that the fusion PBR
protein expressed in yeast possessed the similar
binding affinity as the native PER protein {data not
shown) . PBR has been identified in warious peripheral
tissues (Bavieh, M. and Weizman, R., 1997, Clin.
Neuropharmacol. 20, 473-481) including testis. Testis
i5 one of the impertant and very well studied tizsues
for stercidegenesis (Huhtaniemi, T. and Teoppari, J.,
1995, Adv. Exp. Med. Bicl. 377, 33-54). The steroid
biosynthesis in the mouse testicular Leydig cell and
the role of PER in this process are also well
documentead {Papadopoulos, V. et al., 1897, Stercoids 62,
21-28; FPapadepoules, V. et al., 1988, Endocr. Res. 24,
479-487). Therefore, we applied mouse testis cDNA
libzary in this two-hybrid screen study. The pGADLOD
vector was used to generate & fusion protein of the
GAL4 activation domain with & collection of random
proteins in the fusion Balb/< mouse teskis library.
Through the yeast twe hyhrid screen, PAPT was
identified as one of the posltiwve clonas, which
demonestrated its ability to inreract withk PER (Table
1}). Thus, wa cloned the PRT7 cDNA coding for a mouse
protein that interacted with PER. Based on the
databage search, PAP? is a novel gene product.
Recently, PRAX-1 was reported as a new protein that
gpecificaliy interates with PBR (Galiegue, 5. et al.,
1999, J. Biol. Chem. 274,2938-2952). The only
similarity is that both proteins contain glutamic-acid
streches. Part of PABP7 shares quite high homology
with a . elegans genc that has an wikmowr function
(Wilson, R. et al.. 1984, Neture 368, 22-38}. 1In
fact, cholesterol is required for C. elegans cell
culture {(Brenner, 5., 1974, Genetice 77, Ti-94).

JP 2004-500009
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Congidering that PER is involved in cholesterscl
transport and PBR gene is highly conservative in all
type of organisms, this data suggests that PAPT
axpression may be needed to meet basic recuirements
for cell survival and growth. PAP7 aluo chares some
homologies with RALRP, a hydrophoblic Ilgand-binding
protein that functions in intracellular retincid
transport (Ozaki, K. et al., 1294, J. Biol. Chem. 269,
3838-3845).

By gequence motif analysis using Swiss-rort
Prosite profile scan, PAP7 has fatty acylation
(myristoylation) sites, Acyl-Co2-binding protein
signature and PKC phosphorylation sites. Protein
myristoylation enakles protein to attach to the
cellular membrane and thus take part in cell signaling
(Casey, P.J., 1985, Science 268, 221-225; Boutin, J.
A., 1997, (Ceil Signal 9, 15-35). PBR is a hydrophobic
protein and tightly associated with the ocuter
mitochendrial membrane. This property could enable
PA?7 passing hormone s-imulation sighal to and
interacting with PER thus regulating PER activity in
cholesterol transport. Interestingly, Acyl-Coh-
binding preotein is the other name of PBR endogenous
ligand, diazepam pinding inhibitoxr (DBI) (Rose, T. M.
et al., 1992, Proc. Natl. Acad. Sci. U.§.A. 89, 11287-
11291; Costa, E. and Guidotti, A.. 19851, Life Sci. 4%,
325-344, Suk, K. et al., 1999, Biochim. Biophys. &cta
1454, 126-131). This information suggests that PAP7
may coordinate with other PBER endogencus ligands to
fulfill its function. The fact that PAP7 has the
potential procein kinase phosphorylation sites raises
ancther possibility that PER could be regulated by
hormone stimulation Zhrough the interaction with PAP7

prokeino.

JP 2004-500009
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The distribution and expression of FAP7 ware
examined in major mouse tissues such as brain, testis.,
cvary, adrenal, and kidney, as well as some cell
linesz. The FPAP7 axpressing pattern is similar to the
broader espression profile of FBR. According to the
previous ztudies {Papadopoulos, V. ot al., 1938,
supra), glucocorticoids are produced by zona
fasciculata cells in adrenal. In the ovary, coupus
Juteum, where the granulcsa cells are laocated,
gecretes progesterone. In additien, the testicular
Leydig cells are =zble to produce testosterone. Since
PAP7 ism highly expressed in major steroildegenic
tissues and is more concentrated in these steroild
producing cells, PAP7 may be inveolved in stercid
biesynthesis or the regulation of steroid formaticn by
changing the formaticn or the conformaticon of the PER
complex., Mouse C6 gliocma ¢ells, MA-10 Leydig cells
and ¥1 adrenal cortical cells are popular cell madels
selected for studying steroid biosynthesis. PAP7Y
expression is properticnally correlated to the PBR
eypression in these cell lines. Additionally, both
FBR and PAP7 expression level in these cell lines are
parallel with their steroidagenic capability, which
alsc suggests that PAPT may be involved in stercid
biocsynthesis through 2 PER pathway. A small PAPY
transcript was expressed only in testie. a phenemenon
ohserved for other genes expressed in testis {Zhang,
. . &t al., 1987, Endocrinology 138, 24BL-2430;
Mauduit, C. et al., 1999, J. Biol. Chem. 274, 770-
775). The immunostaining in the testis other than in
Leydig cells could represent the expression of the
smaller transcript.

The PAP7 protein ls expressed in MA-10 cells and
mogt. of the staining is localized in the cytoplasm.
The study of PAP7 subcellular distributlcon is cngoing,

JP 2004-500009
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the results of which may provide more detailed
information about the interaction between PBE and
PAPT7. Bince PBR knockout mice die in uterus indicates
an essential role for PFBR essential in mouse embryonic
development. Interestingly, PAP7 mRNA is highly
expreszsed during mouse early embryonic development.
Thiz result may suggest that PAP?, associated with
PER, zould play an important role during early mouse
development. This further implies that FBR may hawve
new funcctions beyond stercidegenesis. Gverexpression
of PAPY fragment including its PER binding domain
significantly inhibited the progesterone formation
stimulated by saturating concentratione of hIG (50
ng/ml) in MA-10 cells. According te previous studies,
progesterone production of these cells represented the
index of stercid biosynthesis {Freeman, D. A., 1987,
Endocrinclogy 120, 124-132; Garnier, M. et al., 1894,
J. Biol. Chem. 269, 22105-2211i2). EPBased on the
inhibitory manner, wae assume that the overexpreszed
PAP? fragment might act as a competitor of the native
PAP7 in MA-10 cells and competitively bind to PBR. We
believe that the tranfected PAF7 fragment having only
the PBR binding domain and is not fully functional as
a native PAP7, however, it competitively prevents PER
from interacting with the endogenous PAB7? and thersby
blocks the normal function of PER.

In conclusion, the results presented herein
suggest that the identified PAPT iz involved in the
regulation of the PER function, serving as an
endogenous ligand or allosteric modulator of the
receptor .

Considering the findings tha i) DER is a
<hannel /transporter of cholesterol, ii) PBR iz the
target of epvirommental antistercidogenic hazards, and

[iii) PER 1s involved in breast cancer aggression and

A 2004.1.8
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tumer cell preoliferation (Hardwick, M. et al., 1859,
(Cancer Res. 52, 8531-842), we believe that the
identification and characterization of PAP7 will
greatly contribute to the understanding of the role of
PBR in steroidogenesis and even in more genaral areas.
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What is claimed is:

1. An isclated PBR-associated protein (PAFP) DNA
fragment or any portion thereof.

2. An isclated and purified DNA fragment which
encodes a PER-assoclated protein.

3. An isclated and purified DNAR fragment which
encodes a peptide of PBR-associated protein, said DNA
fragment comprising & =eguence specified in any of SEQ
ID NO:1, SEQ ID NQ:Z, SEQ ID NG:3, SEQ ID NO:4, and
SEQ ID NO:5, or polynucleotide fragment of said
sequence conprising &t least 30 nuclectides.

4. An isalated and purified DNA frasmenc which
engodes a peptide of PBR-associated protein, sald DNa
fragment comprising a sequence specified in Genbank
Bcocession ne. AF022770, or CenBank Bocession ne.
AF020338, or a polynuclectide fragment of said
sequence comprising at least 30 nucleotides.

§. An isolated and purified PAP7 DML fragment
according Lo claim 2 which encocdesz 463 amino acids of
PAP7 or a natural variant or synthetic variant thereof
encoding PAPT, or a peptide fragment thereof
comprising at least 10 amine acids.

6. an isolated and purifisd PAPS DNE fragment
according to claim 2 which encodes 190 amine acids of
EAPB or a natural variant or synthetic variant thereof
encoding PAPS, or a peptide fragment thereof
comprising at least 10 amino acids.

7. &n isolated and purifisd PAP1S INa fragment
according to claim 2 which encodes 164 amino acids of
PAP15 or a natural variant or synthetic variant
therecf encoding BPAPIS, or a peptide fragment thereof
compriging at least 10 amino acids.

. &n isolated and purified PaPI} DNA fragment
according te claim 2 which encodes 198 amino acids of

PAP2( or a natural wvariant or synthetle variant

JP 2004-500009 A 2004.1.8
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therecf sncocding PAPZ0, or a peptide fragment thersof
comprising at least 10 amino acids.

9. A recombinant DNA construct compriging:

{i) a vector, and

{ii) the PAP DNA fragment of claim 1.
10. A recombinant DNA construct comprising:

(i) a wvector, and

(ii) the PAP DNA fragment of claim 3.

11. A recombinant DNA construct according to
claim 10, wherein said vector is an expression vector.

12. The recombinant DNA construct according to
claim 10, wherein said vector is a prokaryotic vecter.

13. The recombinant DNA construct according to
claim 10, wherein sald vector is a eukaxyotic vector,

14. A host cell transformed with a recombinant
s construct according te claim 10.

15. A host cell according to claim 14, wherein
said cell is prokaryotic.

16. A host cell according te c¢laim 14, wherein
said cell is eukaryotic.

17. A method for preducing PAP peptide which
comprises culturing the celle according to either
claim 15 or 16, under cenditions such that said DNA
fragment is expreseed and said PAP peptide is thereby
produced.

18. An isolated reccmbinant PAP produced oy the
method of claim 17.

19. A PAP7 polypeptide compriging the amine acid
gequence specified in SEQ ID KO:7 or a portion thereof
of at least 5 amino acids.

20, A PAPR polypeptide comprising the aminoe acid
seguence specified in SEQ ID NO:§ or a portion thereof

of at least 5 amino acids.

JP 2004-500009 A 2004.1.8
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21. A PAP15 polypeptide comprising the amino
acld sequence specified in SEQ ID N0:9 or & portion
therecf of at least 5 amino acids.

22. A PAPZ{ polypeptide comprising the amino acid
gequence specified in SEQ ID NO:10 or a portion
therecf of at least 5 amino acids.

23. A method for derecting a PAP in a sampls
chasen from the group consisting of: PAP7 , PAPS,
PAPLS, PAPZ20, said method comprising

{i) contacting said sample with antibodies
which recognize zaid PAP; and

(ii) detecting the presence or absence of a
complex formed between PAP and antibodies specific
therefor.

24. A method for detecting a PBR-associated
protein, said method comprising the two hybrid assay.

25. An antibody to a peptide having the amino
acid sequence specified in SEQ ID NO:6, 7, B and 9, or
any porticon thereof.

26. A PAPT antibody to a peptide comprising the
amino acid sequence specified in SEQ ID NO:11.

27. A method for detecting adents or druys which
reduce or eliminate PAP activity, said method
comprising:

(i) delivering a recombinant DNA construct
according te claim 10 into a cell such that PAP is
produced in said cell:

(ii) adding at least one drug or agent to
said cell alone or in combinakion; and,

(iii1) detecting PAF activity in said cell in
the presgence ol sald agent or drug and comparing it to
a control which did not receive seid drug or agent
wherein a decrease in FAP activity as compared to
control indicates an drug or agent which reduces or
eliminates FAP activity.

JP 2004-500009 A 2004.1.8
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28. & method for detecting agents or drugs which
promote PAP activity, said method comprising:

{i) delivering a recombinant DNZ construct
according to claim 10 into a ce2ll such that PAP is
produced in said cell;

(i1} acdding at least one drug or agent to said
cell alone or in combination; and,

(111} detecting whether or not said drug or agent
stimulates PAP activity by measuring PP acitivity in
said cell and comparing it ta a ¢ontreol which did nat
receive zaid drug or agent wherein an increase in the
activity of sald PAP in said cell as compared to
control indicates a stimulatexy drug or agent.

29. An agent or drug capable of inhibiting EAP
activity.

30. An agent or drug capable of promoting PAP
activity.

31. A therapeutic compound comprising said agent
or drug according to claim 23 for use in a disease
wherein a decrease or elimination of PAP activity is
beneficial.

32, A therapeutic compound comprising saild agent
or drug according to claim 30 for use in a disease
wherein an increase n PAP activity is beneficial.

33. A merhod for detecting at least one PaP
selected from the group consisting of PAP7, FRPH,
PAP15, and PAP2Q in a sample using the polymerase
chain reaction.

34, A diagnostic kit for detecting RNAJcDNA of at
least one PAP chosen from the group consisting of
PAF7, PAFB, PAPL5 and PAPZ0, in a sample comprising
primers or cligonucleotides specific for zaid PAD RNA
or ¢DMA sultable for hybridization to PAP RHNA or CDMA
and/or amplificatien of PAP seguences and suitable

ancillary reagents.

JP 2004-500009 A 2004.1.8
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35. A method for increasing a PAP zelected from
the group consisting eof PAP3, PAP7, PAPE, PAP15 and
PAP20 in a cell by introeducing inte said cell a PAP
nucleic acid enceding sald PAP such that szid nucleice
acid ie expressed and PAP lg produced in said cell.

36. A therapeutic method for the treatment or
amelioration of diseases resulting from an increase in
cell proliferaticn. said method comprising providing
to an individual in n=ed of such treatment an
effective amount of an agent or drug which reduces or
eliminates PAP exprezsion or function in a
pharmaceutically acceptable diluent.

317. The method of claim 36 wherein said disease
i= cancer.

38. A therapesutic method for the treatment or
amelioration of conditions resulting from abnormal
cholestercl lewvsl, said method comprising providing to
an individual in need of such treatment an effective
amount of an ageht or drug which reduces or eliminates
PAR expression or funciicn in a pharmaceutically
acceprable diluent.

39. The method of clzim 38 wherein said condition
iz selecred from the group congisting of: cancer,
neurcdegenerative disorders, developmental disorders,
stress, and stroke.

40. 2 method for modulating PER actiwvity,
function or targeting in a cell, said method
comprising increasing or decreasing level of PAP in
said cell.

JP 2004-500009 A 2004.1.8
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SEQ ID NO:1

FAP3 nucleic acid
GAATTOGCGGECGOGTCOACCACCGCTOCGCCCTCCTGUGAGGCCGGCTCAACGAGGAAATA
ATTGCTAATAAGGUCCTCTGTAGCCATGGCTACTTC TGACGTGAAACCAAAATCAATANGTCGTG
CCAAGAARATGGTCAGAGGAAATAGAAAATCTO TACAGATTTCAACAAGCAGGATATCOGOATS
AAATTGAATATAAACAACTGAMACAAGTT CCCATGOTCOACCGATGGCCAGAGACAGGGTACG
TGAAGARACTTCAGCGEAGGEACARTACT T IO TTC TACTAC AACALAGAGAGGGAGTECGA
GGACAACGAGGTCCACRAAGTGAAGGTTTACGTC TACTGACCTPTTCCTTICTTCGEOTTG
GCAATGCTCCTTTAL AR TTCCTTC TTTACATTC TTCCATCGTETARATCTCATTTTACAA
ARCAATTCACARATTCTCTC TTTAATTCATGG TG TC TTACACARCATAARCACCCACCTTGA
AMCCCARRAMA

SEQ ID NO:2

PAP7 seguence:

GAATTOOCGGCCGCGTOGACCTAAAG TIGAG TICGTTCACTGTAGTGACCCGTOTGAAGGTAGTT
TEATTITTAAATCAACTTTCATTGTGCAAACTAGTAAAAGATGGCAAAGCCTTTCATCCAACTTA
TGAAGAAAAACTGAAGTTCGTOGCACTCCATAAGCAAGTTCTTTIGGGCCCATATAACCCAGA
CACGTCCCCTGAGGTIGOATTCTTTOATGTOTTGGGG AATOATAGGAGOAGAGAATOGGCAGCT
CTGGGAAACATCTCCAAGGAGOATGUCATGOTAGAGT ITO TGAAGT TTCTAAA TAAGTCTIGTY
CTCTCCTCTCGGUA TATGTTGU TCCCACAGAA T AGAGAAGUAAGAAGAAUATAAAATAAGAA
AGGCGGAGGAGOAGCOAAGGCALCGTGAAGAUGAAGAACGAGAGCGUCTTCAAAAGGAAGAA
CAGAAGCGCAAGCCAGAGGAGGAAGACCOGGCTIGAGACGGGAGGAGGAAGAGAGHUGGOGGAT
AGAGGAACAGAGOCTTCUGCTGGAACAGCAAAAGCAGCAGA TAATGGCAGCTTTAAACTCOCA
GACTCCCOTGCAAITCCAGCAGTATGUAGC CCAGCAGTATCCAGGGAACTACGAMAATAGTA
GATTCTCATCCGOCAGUTGCAGDAGCANCAC TATCAGCAGTA TAAACACCATGCAGAGCAAAL
CCAACCTGCACAACAACAGGCAGCATTACAGAAACAGCAAGAATTTAGTGATGGCTGGGGCAT
CATTGCCTGCATCATUCAAAGGTOAACACAGUTGGAGCAAG TGATACACTGTCAGTTAATGGAC
AGGCCAAAACCCACACTGAAAATTCCOAA AAAGTCCITC AGCCAGAAGCTRCAGAAGAAGCT
TIGOAAAATGGACCAAAAGACTCTCTICCAGTGATTGCAGCTCCATCCATHTGGACAAGACCA
CAAATCAAAGACTTTAAAGAGAAGATTICGGCAGGATGCAGATTCTOTGATTACAGTACGTCCGA
GGAGAAGTCGTCACCCTCOCAGTCOCCACTCATGACGAAGGATCATACCTATTTIGGLANTIG
CCACAGACAGTTATOACATTGOGTTTIGGOGTTEATTTTOAATGOACAGACTCTCCAAATGCTGC
TATCAGTGTOCATGTCAGTOAGTLCAGTGACTAGOAGOAG GAGCAGGAAGAAAATOTCACTTO
TCAAGAAAAAGCAAAAAAGAACGCCAACAAGCCTCTGCTOOATGAGATIGTACCTCTGOTACCG
GOGGOACTGTCACGAGGARG TATATZCACGCAGCCACCAGTATCCAGGGAGEGEAGTCTATC
TCCTCAAGT T TGATART T CCTACTC TOTCTGGAGE TCCARGTCCETC TACTACRGAGTCTA
TTATACTAGATAGAGC TRCIGTTCCAAGE U CGEAGTCCAGECT TEAGCACAACATGACGT
TTARTTTCCTTT

SER ID MNO:3

PAPS nucleic acid
CAATTCGUGGCCGCGTCGACGCTGOACACAAGCGTGGAGCOAAGAGCCCTTOOAGAGATTCAG
AATGTAGGTCAAGUCTCTTCAACA TCACAGUGGCACCTGICAGTCTTCAGAGTOCTCACAGTCA
AACCTOGGUGAGCAGACGCAGAGCGGACTCCAGGOAGGAAGGTGTC AGUGTEGGGAGAGGCA
TAACCOAATGGAACGAGATAGGAGGCGCAGAATCCGCATTTGCTHTGATGAGCTCAATCTTTTA
GTTCCATTCIGCAATGCGGAGAUAGATAAAULCAACAACCCTTCAGTGGACCACAGCATICCTG
AAGTACATTCAGHFAAAGACATGGGGACTCTCITAAA AAGCAATTTGAGAGCGTUTTTTGCGGTA
AAACTOOCAGAAGOCTAAAGCTAGACTAGACCOGAATCCCTOGOTRACCTACCCTGCACAGGOCA
GCCTGCAGAGCAGCCCTGOCATOUAGATCAAGTGACTGGACTCACCCAGGACCTGGGAGAGA

JP 2004-500009 A 2004.1.8
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ACCGCCGTTCCTECGRCATC ATGCACATGCCTGCOATCCCCGGAATTCAGC TOTGAATICT
oTC

SEQ ID ND:4

PAP1S nucleic acid
GAATTOGCGGCUGCGTCGACCTCGGGGGTAACGCCTTGGGATCATTATGATGTCACCTC TICAAT
CTCTTGAGACCAGTGATTTATGAACTTGACATIIGGTGCCTGG TGTOGGCTTTGGAAAGCAGAG
GOCACCTTTIGTCTGTAGAGCATACTCAGCGGUTGGATCCCAGGAATCCAAAGAGAAGCCAGCT
TCTCGTAGTCGCOCTGGUACAGTGOAAGAGAGGOAGGACCOGCAAAGGGGAATCTGTCTTICT
CCTEGGCCCGAGCATETCOCOTETGEEACATGC TC TETCACAGC TEACGCCTSCCCAGOCTS
COTTICTCAAGTTGEETGTCTCCTGCCCACAACCAAGCCAGCAATCGGTC TETTTTCCGAL
AACCTCAGRGCCAGACCTCACARGCCTATTTTGGTEGTTCCCARAATTTCTC TCAGATCTC
CATGTCTATCCCTCCACTCCC TCCAAAAGAGADAGRAAAGANTTCAGRARGAR

SEQ ID MWO:5

PAPZ0 nucleic acid
GAATTCCCGGCCGCOTCGACCTCAGAAGAGGAAAAGAGGTGCAGAAGTOCTGGCOGTACAAN
TTGTACAGAAAACCAGACTAGAGAGAAAAAAACAAGAAGLGTC TOTATC I AAAGATGETCCAG
TGOCTACAAATACTAAAAGGGCAAAGAAACAAGAGAAGTCTCCAGATAGAATTGCCTCACAGT
CTAAGCCACUCATOAAAANGTCTOCACAAAAACGGAAGOTAAATATAGCAAGAGGCOGTOGE
AATACCAGAAAGCAGCTCCAACCTGCECAARANGANATTGC ACATCTTICAATCAGAAATT
TCATCAGATGGCCAAAAAGATCGACT TAACCTAAGTACATCTCAACAAGAAAGTATTICAATG
ATTCCTAAAGGTCCTCCTCAAAACTCAGTTATCAGCTOTOACTCUCAGGUCCTAAATATGTTAG
CTGATCTGGCATTAAGTICTGCTCCTOCTICTATACCATCTTIGTAAGCCCAGCAACCTICCCTD
COTCTCLGATTTGCOACGARACAATATC TTACTCACTRARGAARATCCATTECTTGGTGCCT
CTGACCATGAATATCATARGGG

SEQ ID NO: 6

PAP3 aminc scid geguence

Met Ala Thr Ser Asp Val Lys Pro Lys Ser Ile Ser Arg Ala Lys
Lyg Trp Ser Gilu Glu Ile Glu Asn Leu Tyx Arg Phe Glr Gln Ala
Gly Tyr Arg Asp Glu Ile Glu Tyr Lys Glmn Val Lys Gln Val Ala
Met Val Asp Arg Trp Pro Glu Thr Gly Tyr Vel Lys Lys Leu Gln
Arg 2rg Asp Asn Thr Phe Fhe Tyr Tyr Asn Lys Glu Arg Glu Cys
Glu Asp Lys Glu Val His Lys Val Lys Val Tyr Val Tyr

SEQ ID NO:7

FAP? amino acid sequence

Ary Pro Arg Arg Fro Lys Val Glu Leu Phe Thr Val Val Thr Arg
val Lys Val Val Leu Phe Leu Asn Gln Leu Ser Leu Cys Lys Leu
Val Lye Asp Gly Lys &la Phe His Pro Thr Tyr Glu Glu Lys Leu
Lys Phe val Ala Leu His Lvs Gln val Leu Leu Gly Fro Tyr Asn
Pro Asp Thr Ser Pro Glu Val Gly Phe Phe Asp Val Leu Gly Asn
Asp Arg Arg Arg Glu Trp &ta Ala Leu Gly Asn Met Ser Lys Glu
Asp ala Met Val Glu Phe Val Lys Leu Leu Asn Lys Cys Cys Pro

JP 2004-500009 A 2004.1.8
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Leu
Glu
Glu
Avyg
Arg
Ile
TyE
Leu
cin
Lys
Sar
Gly
Pro
Leu
Lys
Thr
Glu
Asp
Ala
Glu
Ala
Asp
Ary
Arg

Leu
Glu
Glu
Glu
Ile
Met
Ala
Ile
ala
Gln
Ly=
G1ln
@1y
Fro
AsSp
val
Glu
Ile
Ala
Glu
Asn
Cys
Gly
Sexr

Ser
Lvs
Glu
Glu
Glu
Ala
Ala
Arg
Gla
Gln
val
Ala
Ala
val
Phe
Arg
Gly
Gly
val
Glu
Ly
His
val
Lys

SEQ ID NO:&
PAPS amine acid

Gln
Ala
Gln
Glu
Glu
Ile
Glu
Lvs
Glu
Arg
ser

Phe
Leu
Gly
Gln
Arg
oys
Thr
Tyr
Sar
Fro
Sexr

Ala
Gly
Thr
Thr
His
Cys
Asp
Iie
Val
Glu
Fro

SEQ ID NC:©2
PAP15 amina

Ala
Axrg
Cye
val
Ser
Ser
Ly,
ATg

Ala
Pro
Leu
Thr
Cys
Glu
ser
Lys

Gly
Gly
Ser
Ala
Pro
Pro
Asp
[eERF:

Ala
Arg
Arg
Glu
Glu
Ala
Gln
Gln
Gln
Glu
Asn
Lys
Ala
Ile
Lys
Arg
ser
Phe
Ser
Glu
pro
Glu
Tyr
Ser

Ala
Glu
Trp
Gln
Asn
Asp
Lys
Gln
Phe
Ser
Ala

TYY
Arg
Gin
Asp
clu
Leu
Gln
Leu
Thr
Val
Thr
Thr
Glu
Ala
Glu
Gly

Gly
Val
Asn
Lew
Glu
Leu
Vval

val
Lys
Arg
AXg
Arg
Asn

Gln
Gln
val
Ala
His
Glu
Ala
Lys
Glu
Leu
val
His
val
Leu
Val
Leu
Tyx

Ala
Ala
Leu
Leu
Leu
Ser
Pro
3lu
Pro
Met
Gly
Thr
Ala
Pre
Ile
Val
Phe
Tyr
Val
Thr
Asp

Lys
Tyr

Baquearncea

Ala
le
aln
Ser
Ary
Glu
ala
Glu
Cys
Leu
Met

Ser
Gln
Ser
Gly
Met
Lew
Thr
Arg
31y
val
Glu

Thr
Ast
Sar
Pra
Glu
Asn
Thr
Hig
Livs
Thr
1le

acid sequence

Trp
Thr
Pro
Glu
Gln
Asp
Leu
Leu

Gln
val
Arg
Ero
Pra
Len
His
Ary

Glu
Glu
Pro
Ala
Ser
Thr
Val
Lys

Ser
Gliu
Glu
Gln
Gln
Ser
Tyr
Lys

3/4

Ser
Glu
Gln
Arg
Arg
Gln
Gly
Gln
Ala
Ala
Ala
Glu
Leu
Ser
Arg
Val
P
Fhe
Ser
Cys
Glu
ala
Phe
Arg

Leu
val
Glu
Gln
Arg
Lew
Leuw
Gly
Thr
Cys
Lys

Lvs
Aryg
His
rro
Gln
Leu
Fro

Eig
Glu
Lys
Axg
Leu
Thr
Asn
His
Glo
Gly
Ser
Asn
Glu
Mat
Gln
Thr
Gla
Glu
Giu
Glu
Ile
Gly
Asp
Val

BEsp
Gly
Ser
Giy
Asp
Leu
Gln
ASp

Fro

Glu
Giu
val
Ala
Sexr
Fhe
Ser

Arg
Glu
&la
Glu
Glu
Ala
Tyr
TYr
Gln
Ala
Agp
ser
Asn
Trp
Rsp
Val
Fhe
i )
Ser
Glu
Val
Ser
Asn
Tyr

Thr
Glu
Ser
GEly
Aryg
val
TYp
Ser
Arg
Ala

Lys
Asp
Pro
Fhe
Val
Trp
Thr

Ile
Arg
Glu
Glu
Gln
val
Glu
Gln
Glo
Ser
Thr
Glu
Gly
Thr
Ala
Axg
Ala
Thr
Ser
Lys
Fro
His
Sar
Tyr

Ser
Gly
Gln
Arqg
Arg
Fro
Thx
Leu
Arg
Gln

Pro
Arg
Cys
Leu
Cys
Trp
Pro

Glu
Arg
Glu
Glu
Gln
Gln
Gln
Gin
Ala
Leu
Leu
Lys
Pro
Arg

val
Thy
ASp
AEsp
Ala
val
Gla

Thx

val
Ser
Ser
s
Arg
Yhe
The
Lvs
Leu
Gly

Ala
Gin
Gly
Lys
Fhe
Phe
Ser

Lys
Gln
Lys
Glu
Lys
Pha
Gln
T
Ala
Pro
Sex
val
Lys
Pro
Ser
Pro
ASE
Ser
Glu
Lvs
‘Pyr
Tyr
Ser
Arg

Glu
Ser
A
Gln
Arg
Cys
Ala
Lys
Liys
ser

Ser
Rry
Thr
Leu
Pxo
Pro
Lys
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Glu
Arg
Arg
Arg
Gln
Gl
Gln
Lys
Leu
Rla
Val
Leu
Asp
Gln
Val
Thr
Ser
Pro
Glu
Lys
Arg
Pro
Leu

Axg
Thr
Leu

Ile
Asn
Fhe
Giu
Leu
Leu

Arg
Gly

Gly
Thr
Lys
Arg

Glu
Glu
Lys
Arg
Gin
Gln
Ile
His
3ln
Jer
Asn
Glu
Ser
Ile
Ile
His

Acn
Glu
Asn
Arg
3ly
Trp

Arg
sSer
Gly

Arg
Ala
Leu
Phe

Gln

Ser
Ile
Ser
val
Thr
Fhe
Gl

JP 2004-500009 A 2004.1.8
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SEQ ID NHO:10¢
PAP20 amineo

Asn
val
Lys
Thr
Ser
Val
Pro
Ser
Glu
Tle
Leu
Leu
Lys
Gly

SEQ
Ser
Glu

Ser
Leu
Gln
Lys
Gln
Asn
Ala
AED
Ser
Ser
Ser
Fro
Glu

Arg
Ala
Glu
Arg
Sexr
Val
Glu
Gly
Ile
Cys
Ser
Cys
Asn

acid segquance

Pro
Ala
Ala
Ala
Lys
Ala
Lys
Gln
Ser
Asp
Rla
val
Fro

ID NO:11
Ser Asp Glo
Lys Ala Lys

Aryg
Gln
Ser
Lys
Pro
Arg
Glu
Lys
Met
Sex
Ala
Ser
Leu

Arg
Ile
Val
Lys
Pro
Gly
Ile
Asp
Ile
Gln
Ala
ASD
Leu

Pra
Val
Ser
Gln
Met
Arg
Aia
Ely
Fro
Ala
Ber
Leu
Gly

Glu
Ala

Sln
Gln
Lys
Glu
Lys
Arg
Leu
Leu
Lys
Lew
Ile
Pro
ala

Glu
Asn

Lys
Lys
Azp
Lys
Lys
Bsn
His
BRsn
Gly
Agn
Bro
Arg
Sex

Glu
Lys

2rg
Thr
Ala
Ser
Ser
Thr
Leu
Leu
Fro
Met
Ser
Asn
Asp

Glu
Pro

Lys
Arg
Pro
Pro
Pro
Arg
Gln
Ser
Fro
Leu
Cys
Asn:
His

Asn

Arg
Len
Val
Gly
Gln
Lys
Ser
Thr
Glu
Ala
Lys
Val
Glu

Val

Gly
Glu
Pro
Arg
Lys
Gln
Glu
Sexr
ASnD
Asp
Fra
Leu

Tyr

Thr

(174) JP 2004-500009 A 2004.1.8
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Ala Glu
Arg Lys
Thr Asn
Ile &la
AXg Lys
Leu Gln
Xle Ser
Gin Gln
Ser val
Leu Ala
Arg Asn
Leu Thr
Hiz Lys

Cys Glu



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

PCT

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

WORLD INTELLECTUAL PROPERTY ORGARIZATION
Internathonal Burcau

(175)

uboobooboboobdooboooboooboaoadao

JP 2004-500009 A 2004.1.8

£51) Internationa) Patent Classification 7«

CIIN 15112, COPK 1447, 3N 1, GO 3383, | A3
COTK 16418, C120) LG8, AGIP 35400, 346

{11) Internationa| Publication Number:

(43) Internsiionyl Publication Date:

W 00R09349

24 Febryary 2000 (24.02.00)

121} Intervational Application Nunher; PCT/USHR 18507

(22) Internutionyl Filing Dete: 11 Angust 1999 (L1.0E.99)

() Briged
6L

Data;
(196.048

T August 1998 {1 1.08.98) us

(7L} Applicant (for alf designared Siptes excepr U85y QEORGE-
TOWE UNIVERSITY MEDCAL UENTER |US/US | Gf-
fice of the Doan of Rescarch and Graduate Edweation, Build-
ing D, suite 177, Washington, DC 20007 {US).

(72} Tivanturs; sud

(15} lnventorFApplicants ffor U5 only): PAPADDPOULODS, Vas-
silios [USUS); 15417 Peuch Leof Rrive. Morh Poteinue,
M 20878 [(U5). LL Hua |[CNAUSE Apadment 102, 1319
[ort Myer Drive, Arinpton, VA (US).

(T Agend: FRATT, Sapa, 4. Prati & Assaciutes. Inc, [0¥21
Hillbrooke Lane, Potgpse, MD 20853 {[38),

(B1) Deslgnated Stales: AL CA, JP, US, European patent (AT, BE,
CH, CY. DE. DK, ES, FI, FR, G, G, [E, 1T, LU, MC,
NL. PT, SE}.

Pohlished
Hih fwernational scorch vepord.

(88) Teare af publication of the international scarck repori:
16 Kevenber 2000 (16, 11.00)

METHODS OF USE

(57) Abstract

The present invention relates 1 nockic acids encoding PRR-ussociated proteins [PAPs) and methods for use in producing PAPs and
pmhads of using FATs. In this sowly we have idontifiod proteing (PAPS) that interact with PBR. protein by a yeast nwo=hyhrid systom,
We nsed PBR a5 bail 1o soreen & mouss estis cDNA library. Bive clones were isolaed based on their abilicy to Interact with PBR. '[hese
protging gy by involved in the rogwlution of the function of PBR, serviog az un cudugenous ligand or wliosteric modulator of Ow receptor,

*{Referned w in POT Gagell: No. 31:2000, Serton 1)

(54) Title: PHRIPHERAL-TYPE BENZODIALEPINE RECEFIOR ASSOCIATED PROTEINS, CLONING, EXPRGSSION AMD




L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(176)

Codes used 1o ideniify States party to the PUT on the front pages of

Alhania
Ammenia
A
Ausrgliz
Argibaijan
Bosin and Herzegoving
Brobuds
el
Burkins Fuso
Bulgaria

Restin

beazit

Vclanm
Commmly
Central African Bepublic
tonga
Switzeihand
o
Canieron
Chion

Cube

zech Republic
Germony
Dearark
tisrania

FOR THE PURPOSES OF INFORMATION ONLY

Spain
Filard

France

Galonr

Linieed Kingdon
Ceorgw

Chana

Gitines

Gy

Hungary

helod

tyract

tealaxi

Tuly

Japan

Keeya
Kygyotan
Drencric Peoph's
Regrblic of Kerea
Republic of Koen
Kahsioar

Saim 1uciz
Liechwensicin

Fei Lunks,

Liberia

18
Lr
(L0}
Ly
MC
(4
MG
ME

lishi pplications under the PCY.
1eamho. Stwenis
Lithaania Slovakia
fanemlxrg SN Senoal
Latvia §2 Suprilog
Moz T cha
Regublic af Moklave TG tope
Mulagasear TI Tajikian
The et Yalgessar TS Teskmonin
Republic of Meccdonia TR Takey
[ TU Trinxdud ovd Tobage
P Uknim
Uaanda
Ls United Sraien of Amerca
Lz Udekiua
© YN Ve Nam
Nesherlunds YU Yogoslavia
Horvay IV Zimbrbe
Kew Zealund
Fotad
Pormigal
Romaria

Russian Fedesarion
Sudan

Jonda
Singapare

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

gbooogbodaoan

INTERNATIONAL SEARCIH REMORT

177)

ImtwinEuonal 4, cation Ho

PCT/US 99/18507

4_CLASSIFICATION OF SUBIRCT MATTER
IPC 7 Clanls/1z LO7K14/47 L1ZN1/21
C1201/68 A61P35/00 A61P3/06

GRING3/53 COPKIG/ 18

5 ciliwres &
IFC 7 Cl2H CO7K GOLN €120 AG1P

Acctrding 10 tetatonal Paterd Classitoabion 1IPS) 0f 0 D0IN naNn! cisswricabon 3n¢ IPC
B. FIELDS SEARCHED
Mirmum pocutentaticn seniched S0 ‘spmocis)

Deturmnaniaiinn SEAICNAT Qler gn MMM Rocurmeniavorn i he &X8nthal 5UEh 005oMEnts a1 NowdRa in the 19165 56arNag

EfCiDnC dala beve consuilad (uning N i Maticnal seaith iname of dai2 D25e a0, WACKE DRACHEAL FEANG 1BIME USBT)

C. DOCLRAENTS CONSIDERED TO BE RELEVANT

ID No:7
the whale document

—f—

Cakpory " | Citabon ol pogumen, e . Bt pastanes PN [0 Elam R,
X DATABASE EMBL ‘Dnline! 1-8,

AC AFO22770, 1 October 1997 (1997-10-01) 5-16,19

LI H & V PAPAGDPDULOS: "M. muscuius

peripheral benzediazepine raceptor

associated protein”

XPOO2133903

¢ited in the application

94.9% identity in 178 aa owerlap with SEQ

B0 1sken i e b C

Faten famiy memders are Iistad in anney.

* Spena| CAIRGENGS 01 Tit6q ommmes ©

"A dagumem defineng i general slate ol the ar whech 15 At
cONABAIOE 10 B4 01 PR WA ElEvnCE

'E* ket ncumant bul pubsished on o aHerthe mternations|
Ting cate

*L” document wihach may 1Nrow dOUBES N DIOFiNY CIANTHE) Of
which is alad 10 e6{2005h 1ne DUbICAnDn. date of Anoisr
cila¥cn 07 MNEr SCOCENIEQION (38 SPESMBDH

"0 document refeming o an cral dieslosiee, USe, QxhiDAGK or
olhor means

-

oot 2 The q
Talar than ihe anonty date ciwned

“T* IBtaF QOCUMSNE PLbIISKET AMAT INA InaMANaNE! Tiing dat
O DAVON by dala AN 00 1N COAICH wilh 108 RPN BN DL
Gited ta wadarstand Ihe Grinciple o heory LNJEMVING e
ivanton

*HY GOLUNEAl ol A CURIr REIEVBRGE: ING tiRIMED wyantion
wannl be conshdered rrovey or G2nasl Do UL (o
imghve BN inventive step when Ine Cogument i 1aken a1

"V dogumem of paricula: relevance, Ing CRIMed myention
cannol ba consiered 1o invawve an mwsntive: slep wher fhe
tocumen: & combined b one Gr more oifer Juch 06—
menie, such cominanian being wvous 1o a person skiled
inlhe anl.

*&" documans memner of Mg same paisnt tmily

Data of Ihe 3631 COMPICt e of Ing Imgmationg | searen

18 June 2000

Date of maikig o the inTematonal SCarc pon

28.06.00

Kama ang mlng address ol Iha 154
Eurgpean Paiant Office, P8, 5618 Patemiaan 2
HL - 2260 HY Ak
Tel. [+51-70) 3502040, T, 31 654 pa i,
For [+31-70) M0-3016

Autharizes olheer

Nichogiannopoutou, A

0 PCTNGATEVT [14tand dhan') Ly 16921

page 1 of 3

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH REPORT

(178)

International »  cation Ho

PCT/US §9/18507

c.

COCUMENTS C TQ BE RELEVANT

Caregory ° | Cilalion ol dorumant, with kIicatonwnerm apGropate. of ihe releram passages

Relevant @ clam Ko,

PLA

DATABASE EMBL “Oniinet

AC X64455, 21 February 1992 (19372-02-21)
DON J: "M. musculus mRNA megl®

XPQ02133904

cited in the application

99% identity in 480 nt overlap with SEQ I
Rail (17-505:28-517)

the whoie document

DATABASE EMBL ‘Online!

RE AALTAREI, 21 December 1996 (1996-12-31)
HARRA M ET AL: "mo38el2.r1 Stratagene
mouse testis (#937308) Mus musculus cDNA"
KP002133905

EST with 97.9% identity in 421 nt overlap
(17-435:79-498) with SEQ 1D ta:1

the whole document

WG 00 01821 A (INCYTE PHARMA INC)

13 January 2D00 (2000-01-13)

Incyte clone with 86.7% identity to SEQ ID
NQ:2

tabie 2

GALIEGUE § £T AL: "Cloning and
characterisation of PRAX-1. A new preotein
that specifically interacts with the
peripheral benzadiazepine receptor”
+. BIOL. CHEM,
vol. 274, na. 5,
28 January 1999 {1999-01-29}, page
2038-2957 APO0212273%
cited in the application
the whale dacument
KRUEGER K E ET AL: “Peripheral-type
benzodiazepine receptors mediate
transiocation of cholestersl from outer to
inner mitochondrial membranes fn
adrenocortical cells”
JOURNAL OF BIOLOGICAL CHEMISTRY.,
vol. 26%, no. 25,
b September 1980 (1930-09-05), pages
15015-15022, XP002133401

IS5N: 0021-9258
cited in the application
the wholea document

3,816

3,9-16

38,39

FOm PCTIISAZG foonlnaance of beeso st | ko 1942)

page 2 of 3

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

INTERNATIONAL SEARCH BEFORT

(179)

International k. .cation o

PCT/US 99/18507

C.[Cantiuotion} DOCUMENTS CONSIDERED TS BE RELEVANT

Caregory *

Etalion o GoLymEN, Wi INCIUON. NGNS BHpEpNEte, of INE rRITvAN LASPGES

Falerzant io dpwn N,

MIETTINEN H ET AL: “Expression of
peripheral-type benzadiazepine receptor
and diazepam binding inhibiter in human
astrocytomas: relationship to celi
proTiferation”

CANCER RESEARCH,

vol, 55, 15 June 1995 (1995-06-15), pages
2691-26095, XP02133902

cited in the appTicatien

the whole documesnt

36,37

i RCTASAZID [comdinislion of weecnd st ¢ A V492)

page 3 of 3

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(180)

Intemanonal aopsogion He

INTERMATICNAL SEARCH REFORT PCT/Us 93/18507

Box | Obzsrvations where certain ¢laims were faund unsearchabts (Continuation of item 1 of firs1 sheet)

This Imtanianiohel Search Repor has nol Leen es!ablishid in Faspect of cerign clams ynder Arals 17{2)ia) Ior the follewmg reascns:

1 m CAaims Mos |

BECALSE thay I21ate 10 1UE(BE MaNer Nof rEQUINA [0 bE TaLrcnes By thiz Authory, namely

Although clawms 35-48 -in as far as they concern in vive methods- are directed
to a2 method of treatment of the humansanimal bedy, the search has been carrted
out and based an the alieged effects of the compound/camposition.

2, m Clairns Mo ; 29-32

because they relia 1o parts of the 1hal with the pr i to such

an axtent thir no meamingful Intematianal Search can o camad au, specikealy

The claimed agents have not been described in the application amd have as such
not been the subject of search.

3, Clasma Nea,_

bacauaa thay are saperdent olamn and are net drahad in with the second and of Rule §.4{a).

Bax!l 0O il wihvere unity of 15 3cking (C ian of item 2 of first shaet)

Thia Intemtionsd 8earching Authanly touna mulipla Krventions in thes miematonal apphcalion, a3 fellwa:

see additional sheet

1 As a required additianal paarch lsas ware timaly pad by the appicant, tia inematianal Search Report covers all
=parchsbla ¢laims,

2. [ s at saaronatie ataims could e searored witheat sttt |uotitying an adgiianal lee, this Authoriy did ot invila paymet
ol any adafahal fee,

2. Ax only 2ome of the o addiionsl aearch fe pand by the apﬂlll:nm thi= Itemational Search Feport
eovens anly ihase olaims ko which {23 were pad, spealically dim oz,

1-4, 9-18, 23-25, 27-40 partially and 3, 19, 26 compietely

+ D Mo ragurrect adddional seatch fees were limely paidby the apgkoant. Geasequantly, this Intemationgl Saarch Peport is
resincted ta the invenmian first memaanea i the claime: d is doverse! fy clzims Aos.:

Raman oa Protsat D The addhonal gaarah fess ware acoompanied by the ppiaant’s proiest.

Mo protesl aceompanied the oayment of addilional search fees,

fom FCTASAZ] B {cpatnuation of fegl heet 11)] [uly 1958)

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(181)

Intemsiional Applieanion No. PO T/US 99 718507

FURTHER INFORMATION GONTINUED FRQM  PCTASA! 210

tontinuattion of Box 1.2

Claims Hos.: 29-32

The claimed agents have not been describad in the application and have as
such net been the subject of search.

The applicant's attention is drawn to the fact that claims, or paris of
claims, relating te tnventions in respect of which no international
search report has besn established need not be the subject of an
international preliminary examination (Ruie 66.1({e} PCT). The appiicant
is advised that the EPD policy when acting as an lnternational
Prelimirary Examining Aathority is nermally not to carry out a
preliminary sxamination on matier which has not been searched, This is
the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter 11 procedure.

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(182)

Intemational Appicaion e, PCT/US 93/18507

FURTHER INFCEMATION CONTINUED FROM  PCT/ISA! 210

This International Searching Autherity found meltipte (groups of)
inventions in this international application, as follows:

1. Clajms: 1-3, §-18, 24, 25, 27-32, 35-4Q all partsally

An isclated DNA fragment encoding PBR-associated pratein 3
(PAF3} and portions of said DNA, including the DNA of SEQ 18
No:1 and fragments of said sequence of at least 3¢
nucleotides. Recombinant DNA constructs, host cells and
production methods relating to PAP3. Recombinant PAP2 and
detection methods comprising the two hybrid assay.
Antibodies to the PAPY polypeptide of SEQ 1D No:6. Methods
for detecting agents which reduce, eliminate or promote PAP3
activity, agents and therapeutic compounds that inhibit or
promote PAP activity and therapeutic methods for the
treatment of disease states.

2. Claims: 5, 19, 76 completely and 1-4, 9-18, 23-25,
27-49 all partially

As invention 1 but relating te PAP? (SEQ ID Hos: 2 and 7)

3. Claims: &, 20 complietely and 1-3, 8-18, 23-25,
27-40 all partially

As invention 1 but relating to PAPS (SEQ ID Nos: 3 and 8]

4, Claims: 7, 21 compietely and 1-3, 9-18, 23-25,
27-40 all partiaily

As invention 1 but relating to PAP1S (SEQ 1D Nos: 4 and §)

5. Claims: 8, 22 comoletely and 1-4, §-18, 23, 24,
27-40 all partially

As invention 1 but relating to PAP20 (SEQ ID Nes: 5 and 18)

JP 2004-500009 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(183)

INTERNATIONAL SEARCH REPORT

Imemational s oatian Na

PCT/US 99/18507

Inlormatian on gratent tamily members

-

Patent gopument Fubiicanan Fatant tamly Fublication
gHed in seaich repon dale membar(s date
Wa 0001821 A 13-01-2000 Al 4857959 A 24-01-2000

o FCTASAZS D ipalont Somiy amerd Gy 1932)

JP 2004-500009 A 2004.1.8



(184) JP 2004-500009 A 2004.1.8

goboogoooon

G Int.CL.’ 00 0000000000
0000  14/705 0000 14/705 0000 0oooo
0000 16/28 0000 16/28 0000 ooooo
oooo  1/15 0ooo /15 0000 0ooooo
o000 1/19 0ooo /19 0000 ooooo
oooo 121 0000 121 0000 0ooooo
0000  5/10 0000 21/02 0000 ooooo
0000 21/02 0oo00 21/08 0000 ooooo
0oooo 21708 0000 168 OOOO 0ooooo
0000 1/68 0000 33/15 0000 0oooo
0Doo0  33/15 0ooO0 33/50 0000 ooooo
0000 33/50 oooo 33/53 0000 0ooooo
0000 33/53 0ooo0 33/53 0000 ooooo
0000  33/566 0ooOo 33/566 OO0O0 0ooooo
0000 33/58 0000 33/58 0000 ooooo
0000 33/68 0oOo0 33/68 0000 ooooo
00oo 0ooo0oOd 5/00 0000 0ooooo

(72000 0000000000000
0000000000000000000000000000000000000000000

(72000 00000
00000000000000000000000000000000000000000000
oooooooo

00000 0) 26045 AA25 AMO BB20 BB24 CA25 CA26 CBO1 CBO2 CBO3 CB17

oooo 00 CB20 CB21 CB26 DA12 DAL3 DA14 DA36 DA69 DASO FBO2

oooo 0o FBO3 FBO4 FBOS FBO6 FBO7 FBO9 JAOL JA20

0000 OO 4B024 AAOL AAL2 BAG3 CAO4 DAL12 EAO4 GAL4 HAL2 HALS HA17

0000 OO 4B063 QAOL QA20 QQ43 QQ52 QRO8 QR36 QRA2 QR56 (QS25 QS34

oooo 0o QX02 QX07

0000 OO 4B064 AG20 AG26 AG27 CAO6 CAL10 CA19 CC24 DAOL DAL4

0000 OO 4B065 AASOX AAO2X AAO3Y ABOL BAO2 CA24 CA25 CA44 CA46

0000 OO 4C084 AMD2 AAL3 AALG ZAOL2 ZA362 ZB262 ZC422

0000 OO 4H045 AALO AALL AA20 AA30 BALO CA40 DASO DA75 EASL FA72

oooo 0o FA74



	bibliographic-data
	abstract
	claims
	description
	drawings
	international-document-image-group
	search-report
	overflow

