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FIGURE 2
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FIGURE 3
COL443BP rork U Alignment map*
COL4AI-A2 Region aligned 469-608 Region aligned 583-722 al a2
(ono2) 0=620; B(Q)=591.4x17.1 0=580; E(Q)=571£19
GenBank no. M36063 1 6725, P=0.00472 7=0.4737, P=0.3179
COL4A3-A4 Region aligned 849-990 Region aligned 182-318 &3‘ a4’ a4
(c30t4) 0=674; E(Q)=568.7£17.5 0=641; E(Qy557.5£18.4 —7 '_% —
GenBank no. AF213541 .6 (171, P<0.0001 7=4.5380, P<0.0001
COL4A45-46  Region aligned 1714-1853 Region aligned 440-579 os 'ﬁ o0
(cs0ts) 0=570; E(0)=524.218.4 0=570; E(Q)=5274+17.3 iy i

GenBank no. D28116

z=2.4891, P=0,0064

z=2.4624, P=0.0069

US 2003/0027165 A1

Q is a measure of the quality of the alignment.
E(Q) is the Q value expected by chance.

z-score for . This score is normally distributed with mean zero and variance 1.
P is the probability of observing Q just by chance.
*In the drawing (F——— ~ 0.5 kb ) are indicated the statistically significant alignments (P values in boldfuce).
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FIGURE 4
COL4A3BP poLK [ Alignment map*
LMP2-TAP]  Region aligned 24579-24718  Region aligned 27355-27494 LMP? TAP)
GenBankno. X66401  0=610; B(Q)=549.9+16.9  (=620; E((J)=582.8+18.6 =~ —
7=3.5562, P=<0.0002 =2, P=0.0228
MRPI-DHFR  Region aligned 849-991 Region aligned 704-843 DHFR DHFR'
GenBankno. K01612  O=381; E(Q)=357.7420.8  (Q=640; E(Q)=553 4+18.1 5’:_,’
=1.1202, P=0.1313 7=4.7845, P<0.0001 VRP]
GPAT-AIRC  Region aligned 632-769 Region aligned 561-705
GenBankno. U00230  0=554; E(Q)=573.4+204  (=565; E(Q)=549.4x18.4
=-0.9510, P=0.8292 2=0.8478, P=0.1983
HOQO3-HRS Region aligned 313-452 Region aligned 214-353 HRS HRS’
GenBank no. M96646  0=600; E(Q)=53117.5 0=560; E(0)=557.1+16.2 _%_E’
2=3.9429, P<0.0001 2=0.1790, P=0.4290 03
HSP10-HSPG60 Region aligned 3451-3590  Region aligned 3684-3821
GenBank no. AT250915  0=600; E(Q)=546.7£16.7  0=594; E(Q)=542.6+17.1 ’f_f’_]' 0 HShe0

IDHG-TRAPD
GenBank no, 268129

z=3.1916, P=0.0007

Region aligned 16283-16422
0=622; E(Q)=5948+16.5
2=2.7394, P=0.0031

z=3.0058, P=0.0013

Region aligned 14190-14329
0=610; E(Q)=601.9415.5
=0.5226, P=0.3006

@ is a measure of the quality of the alignment.
E(Q) is the O value expected by chance,

z-score for Q. This score is normally distributed with mean zero and variance 1.
P is the probability of observing @ just by chance.

*In the drawing (=~ 0.5 kb) are indicated the significant alignments (P values in boldface).
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FIGURE 5
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FIGURE 7
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FIGURE 8
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FIGURE 9
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ALTERNATIVE POL KAPPA NUCLEOTIDE AND
AMINO ACID SEQUENCE AND METHODS FOR
USING

CROSS REFERENCE

[0001] This application claims priority to U.S. provisional
application serial No. 60/254,649, filed Dec. 8, 2001.

FIELD OF THE INVENTION

[0002] The present invention relates to the fields of gene
regulation, autoimmunity, cancer, and apoptosis.

BACKGROUND OF THE INVENTION

[0003] Goodpasture antigen binding protein (GPBP), is a
non-conventional protein kinase that binds to and phospho-
rylates the human «3(IV)NC1 in vitro. [1, 2, 3] Its expres-
sion is associated with cells and tissue structures that are
target of common autoimmune responses, including the
alveolar and glomerular basement membranes [3]
GPBPA26 is an alternatively spliced GPBP variant, which is
less active than GPBP, but more widely expressed [3]. A
balanced expression of the two isoforms appears to be
critical for homeostasis, whereas an augmented expression
of GPBP relative to GPBPA26 has been associated with
several autoimmune conditions, including Goodpasture dis-
ease and cutancous lupus[3].

[0004] GPBP is expressed at very low levels in cancer
cells and highly expressed in apoptotic blebs of differenced
keratinocytes at the periphery of normal epidermis [3].
Keratinocytes from patients suffering skin autoimmune pro-
cesses show an increased sensitivity to UV-induced apop-
tosis, and a premature apoptosis at the basal keratinocytes
has been reported to occur in these patients [38-41]. GPBP
is expressed in apoptotic bodies expanding from basal to
peripheral strata in epidermis undergoing autoimmune
attack [3]. Altered autoantigens, including phosphorylated
versions thereof, have been reported to be produced and
released from these apoptotic bodies [40]. All these data
suggest that GPBP is part of an apoptotic-mediated strategy
for desired cell removal that generates aberrant counterparts
of critical cell components which operates illegitimately
during autoimmune pathogenesis [3].

[0005] Pol k is a member of the UmuC/DinB superfamily
of DNA polymerases that can extend aberrant replication
forks. Pol « displays low fidelity, moderate processivity, and
extends mispaired DNA by misaligning primer-template to
generate —1 frameshift products [4 9]. Pol k can bypass DNA
lesions in both an error-prone [10, 11] and an error-free [10]
manner. These data indicate that pol K is a DNA polymerase
with a role in the cellular response to DNA-damage, and also
in spontaneous mutagenesis, by facilitating base pairing at
aberrant replication forks.

[0006] In the present study, we have determined that the
structural genes encoding polk and GPBP are present in a
head-to-head arrangement in the human genome at chromo-
some position 5q12-13, and that the genes share a common
promoter from which the corresponding transcripts are
expressed in a divergent mode. Our results demonstrate that
TNF (a/f) induces divergent transcription directed by this
promoter, suggesting that bi-directional promoters link the
expression of proteins that are partners in biological pro-
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grams which are orchestrated by TNF and are relevant in
autoimmune pathogenesis. Furthermore we report the
molecular cloning of pol K76 an alternatively spliced variant
preferentially expressed in skin and keratinocytes which like
GPBP shows a relative augmented expression in cutaneous
lupus, suggesting that pol k76 and GPBP are partners in
apoptotic programs which are relevant in autoimmune
pathogenesis.

SUMMARY OF THE INVENTION

[0007] The present invention provides an isolated nucleic
acid encoding pol k76 consisting of the nucleic acid
sequence of SEQ ID NO:30, or the complement thereof. In
another embodiment of this aspect, the present invention
provides an isolated and purified pol k76 protein consisting
of the amino acid sequence of SEQ ID NO:31.

[0008] In a further embodiment of this aspect, the present
invention provides a method for detecting an autoimmune
condition in a patient, comprising providing a tissue or body
fluid sample from the patient; providing a control tissue or
body fluid sample in which no autoimmune condition is
present; and detecting altered pol kK76 RNA or protein
expression in the tissue or body fluid sample compared to the
control sample, wherein an alteration in pol k76 RNA or
protein expression relative to the control indicates the pres-
ence of an autoimmune condition.

[0009] In a further embodiment, the present invention
provides a method for treating a patient with an autoimmune
disorder or cancer, comprising modifying the expression or
activity of pol k76 RNA or protein in the patient with the
autoimmune disorder.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1. Head-to-head arrangement of human
POLK and COL4A3BP. The 955-bp between ON-GPBP-
18m and ON-GPBP6¢ (GenBank accession no AF315603)
(SEQ ID NO:2) are written in capital letters. In boldface the
position and sequence of the two oligonucleotides, the
restriction sites used to generate LpromPolk, LpromGPBP,
or the construct from which the ribonucleotide probes are
derived, and the DNA sequences which conform to the
transcriptional elements identified by the TFSEARCH ver-
sion 1.3. This DNA fragment contains the first exon of
POLK (box), part of the first exon of COL4A3BP and the
exon sequence of POLK contained in HeLa 4.1 (open
boxes). The 5' end and the transcriptional direction of HeLa
4.1. are indicated with arrows. The 140-bp present in Sprom-
Polk and SpromGPBP is highlighted in gray.

[0011] FIG. 2. The POLK/COL4A3BP intergene region
contains a bi-directional promoter. In A, NIH 3T3 cells were
transfected with either p®@GH, Lprom (L bars), or Sprom (S
bars) constructs, along with the 3-galactosidase expressing
vector. Results are expressed as the quotient (fold) of the
reporter gene expression of the promoter constructs versus
empty vector (p®@GH) after normalization with the corre-
sponding p-galactosidase expression values. We represent
the mean of two independent experiments done in duplicate,
2S.D. In B, NIH 3T3 cells were transfected as in A with
SpromGPBP or SpromPolk(wt), or with mutants thereof in
which the TATA box (ATATA), the Spl site (ASp1), or both
(ASpTA) were deleted. Transcriptional activity was esti-
mated as in A and results are expressed as percent activity
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with respect to the wild type promoter, which was set at
100%, and are the mean +S.D of three experiments done in
duplicate.

[0012] FIG. 3. Alignment of each orientation of the 140-
bp POLK/COLA4A3BP promoter region with the correspond-
ing regions of COL4A genes. In the Table we show the
parameters of each individual alignment and those signifi-
cant are shown in the map therein. Nucleotide numbering
and map represent the DNA according to the GenBank
accession numbers and the bend arrows mark the position
and direction of the transcription start sites of the indicated
gene.

[0013] FIG. 4. Alignment of each orientation of the 140-
bp POLK/COLA4A3BP promoter region with the correspond-
ing regions of other bi-directional promoters. In the Table
we show the parameters of each individual alignment and
those significant less that of IDGH-TRAP which maps 3' end
of TRAP are shown in the map therein. Nucleotide num-
bering and map represent the DNA according to the Gen-
Bank accession numbers and the bend arrows mark the
position and direction of the transcription start sites of the
indicated gene

[0014] FIG. 5. TNFo/pinduce the 140-bp promoter of
POLK/COL4A3BP and the homologous regions in other
bidirectional promoters in transient gene expression assays.
In A, NIH 3T3 cells were transfected with SpromPolk and
SpromGPBP constructs along with -galactosidase express-
ing vector and cells were induced with recombinant human
counterparts of TNFo (10 ng/ml) or TNFp (50 ng/ml).
Results are expressed as the quotient (fold) of the reporter
gene expression of the induced versus non-induced promoter
constructs previous normalization with the corresponding
B-galactosidase expression values. We represent the mean of
four independent experiments done by duplicated +S.D. In
B, we represent the nucleotide sequence of the COL4A3/
COL4A4 contained in AF218541 (SEQ ID NOS:8-13) as in
the aligment map of FIG. 3 and we indicate the nucleotide
which transcriptional activity was assayed as in A. For these
purposes the indicated nucleotides from AF218541 in the
indicated transcriptional orientation were individually trans-
fected and further induced as in A. Results are expressed as
reporter gene expression in c.p.m. (counts per minute) after
normalization with [-galactosidase activity. We represent
the mean of three independent experiments done by dupli-
cated +£S.D. In C, the region of HSP10/HSP60 (SEQ ID
NOS:26-27) or LMP2/TAP1 (SEQ ID NOS:14-15) homolo-
gous with the COL4A3BP orientation of POLK/COL4A3BP
promoter (FIG. 4) were individually cloned and assayed as
in B. FIG. 6. TNF induction of multiple bidirectional
transcriptional units in human hTERT-RPE cells. Human
hTERT-RPE cells, which are retinal pigment epithelial cells
immortalized by over-expression of telomerase (Clontech)
were induced by TNFf, RNA was extracted and the tran-
scriptional activity for the indicated genes estimated by
specific mRNA quantification using the Relative Quantita-
tion Method or “AACt” as described in Materials and
Methods. The values represent fold induction of induced
versus non-induced cells after normalization with GAPDH
mRNA values and are the mean of three different samples
done by duplicated +S.D. The mRNA levels for GAPDH
were not affected by cytokine induction.

[0015] FIG. 7. Evidences for increases in the relative
expression of GPBP in response to TNF in vivo. B6 mice
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were injected with LPS and after three or six hours the
kidneys were excised, total RNA prepared and the expres-
sion level of GPBP and GPBPA26 determined by Real Time
PCR. Non-injected mice were used in control studies. Values
represent the mean +S.D. of two mice and four independent
determinations.

[0016] FIG. 8. The relative increase of GPBP expression
in response to TNF is a phenomenon with pathogenic
consequences in a lupus prone mice model. In A, the kidney
of female NZW, a male B6-Bcl-2-Tg(+) were paraffin-
embedded and stained with GPBP-specific antibodies or
mRNA prepared and the ratio of GPBP/GPBPA26 deter-
mined as in FIG. 7. The presence of glomerulonephritis
(GN) in the kidneys was evaluated histologically according
to glomerular celulariry and graded from absence (-) to
discrete (+) moderate (++) or severe (+++). In B, the kidneys
of (NZWxB6)F1Tg(+) mice treated with anti-CD4 (aCD4),
treated with anti-CD4 and further maintained without treat-
ment (aCD4/@), or treated with anti-CD4 and further treated
with anti-TNF (aCD4/a’TNF) were analyzed as in A. In A
we present representative stainings and average values for
GPBP/GPBPA26 whereas in B we present two examples for
each case (No 1, 2, 3, 4, 10 and 14) in which one kidney was
used for mRNA determinations and other for morphological
studies. In C, the levels of anti-ssDNA autoantibodies in the
sera of a number of six month old (NZWxB6Tg(+))F1 mice
were determined by ELISA using an alkaline phosphatase-
based conjugate. In the histogram each bar represent the
values for each individual animal. Represented are non-
trangenic F1 [F1Tg(-)], and transgenic F1 [F1Tg(+)]
untreated (@) or treated with anti-CD4 for three month and
then untreated [a.CD4/@] or treated with anti-CD4 for three
month and then treated with anti-TNF [aCD4/aTNF].

[0017] FIG. 9. Pol k76 is a novel alternatively spliced
form of pol K preferentially expressed in keratinocytes
which interacts with GIP a tumor suppressor gene product
also interacting with GPBP In A, we schematized in a
diagram the structural features of pol k76 in comparison
with pol K. The predicted coiled-coil motifs (CC1 and CC2)
previously unrecognized, and the features described in Ref.
5 for pol x including nucleotidyl transferase domain (N),
helix-haipin-helix (HhH1-2) and Zn cluster (Zn-cll and
Zn-cl2) are indicated. The protein region of pol K not present
in pol ¥76 is denoted by the convergent lines. In B, the
mRNA levels for pol k76 and for all of the pol k molecular
species known were estimated by Real Time PCR as
described in Material and Methods in the indicated human
cells and tissues. Values are expressed as the percentage of
pol K76 with respect total pol k. With (@) we represent the
non-specific amplification of pol k standard plasmid using
the pair of oligonucleotides employed for pol K76 quantifi-
cation. Values represent the mean +S.D. of four determina-
tions done on two different samples.

[0018] FIG. 10. The relative expression of pol k76 and
GPBP with respect to their alternative isoforms pol 1« and
GPBPA26 is augmented in cutaneous lupus. The expression
of pol K76, pol kK, GPBP and GPBPA26 was determined by
Real Time PCR in reverse transcriptase mixtures of human
foreskin (Control) or skin affected of cutancous lupus
(Patient 1-3). The indicated ratio values were normalized
with respect to control ratio values that were set at 1. Values
represent the mean +S.D. of two determinations. In addition
to clinical diagnosis all the patients samples had histological
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diagnosis confirmation and showed lineal deposits of immu-
nocomplexes at the dermal-epidermal junction in direct
immunofluorescence, which is characteristic of cutaneous
lupus.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] Within this application, unless otherwise stated, the
techniques utilized may be found in any of several well-
known references such as: Molecular Cloning: A Labora-
tory Manual (Sambrook, et al., 1989, Cold Spring Harbor
Laboratory Press), Gene Expression Technology (Methods
in Enzymology, Vol. 185, edited by D. Goeddel, 1991.
Academic Press, San Diego, Calif.), “Guide to Protein
Purification” in Methods in Enzymology (M. P. Deutshcer,
ed., (1990) Academic Press, Inc.); PCR Protocols: A Guide
to Methods and Applications (Innis, et al. 1990. Academic
Press, San Diego, Calif.), Culture of Animal Cells: A Manual
of Basic Technique, 2™ Ed. (R. I. Freshney. 1987. Liss, Inc.
New York, N.Y.), Gene Transfer and Expression Protocols,
pp- 109-128, ed. E. J. Murray, The Humana Press Inc.,
Clifton, N.J)), and the Ambion 1998 Catalog (Ambion,
Austin, Tex.).

[0020] As used herein, the term “COLAA3BP” means the
genomic sequence encoding GPBP, as well as controlling
sequences for GPBP mRNA expression.

[0021] As used herein, the term “POLK” means the
genomic sequence encoding pol K, as well as controlling
sequences for pol kK mRNA expression.

[0022] As used herein, the term “GPBP” refers to Good-
pasture antigen binding protein, and includes both mono-
mers and oligomers thereof, as disclosed in WO 00/50607.

[0023] As used herein, the term “GPBPA26” refers to the
Goodpasture antigen binding protein alternatively spliced
product deleted for 26 amino acid residues as disclosed in
WO 00/50607, and includes both monomers and oligomers
thereof.

[0024] As used herein pol k means the primary protein
product of the POLK.

[0025] As used herein, pol k76 means the 76 kDa alter-
natively spliced isoform product of the POLK.

[0026] In one aspect, the present invention provides an
isolated nucleic acid encoding a pol k76 polypeptide con-
sisting of an amino acid sequence of SEQ ID NO:31. In a
preferred embodiment, the isolated nucleic acid consists of
the sequence of SEQ ID NO:30, the complement thereof, or
the RNA expression product thereof.

[0027] An wused herein, an “isolated nucleic acid
sequence” refers to a nucleic acid sequence that is free of
gene sequences which naturally flank the nucleic acid in the
genomic DNA of the organism from which the nucleic acid
is derived (i.e., genetic sequences that are located adjacent
to the gene for the isolated nucleic molecule in the genomic
DNA of the organism from which the nucleic acid is
derived). An “isolated” pol k76 nucleic acid sequence
according to the present invention may, however, be linked
to other nucleotide sequences that do not normally flank the
recited sequence, such as a heterologous promoter sequence,
or other vector sequences. It is not necessary for the isolated
nucleic acid sequence to be free of other cellular material to
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be considered “isolated”, as a nucleic acid sequence accord-
ing to the invention may be part of an expression vector that
is used to transfect host cells (see below).

[0028] In another embodiment, the present invention pro-
vides an expression vector comprising an isolated nucleic
acid encoding pol k76 operatively linked to a promoter,
wherein the isolated nucleic acid consists of the sequence of
SEQ ID NO:30. In a preferred embodiment, the promoter is
heterologous (i.e.: is not the naturally occurring POLK
promoter).

[0029] A promoter and a pol k76 nucleic acid sequence are
“operatively linked” when the promoter is capable of driving
expression of the pol K76 DNA into RNA.

[0030] As used herein, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid to
which it has been linked. One type of vector is a “plasmid”,
which refers to a circular double stranded DNA into which
additional DNA segments may be cloned. Another type of
vector is a viral vector, wherein additional DNA segments
may be cloned into the viral genome. Certain vectors are
capable of autonomous replication in a host cell into which
they are introduced (e.g., bacterial vectors having a bacterial
origin of replication and episomal mammalian vectors).
Other vectors (e.g., non-episomal mammalian vectors), are
integrated into the genome of a host cell upon introduction
into the host cell, and thereby are replicated along with the
host genome. Moreover, certain vectors are capable of
directing the expression of genes to which they are opera-
tively linked. Such vectors are referred to herein as “recom-
binant expression vectors” or simply “expression vectors”.
In the present invention, the expression of any genes is
directed by the promoter sequences of the invention, by
operatively linking the promoter sequences of the invention
to the gene to be expressed. In general, expression vectors of
utility in recombinant DNA techniques are often in the form
of plasmids. In the present specification, “plasmid” and
“vector” may be used interchangeably as the plasmid is the
most commonly used form of vector. However, the invention
is intended to include such other forms of expression vec-
tors, such as viral vectors (e.g., replication defective retro-
viruses, adenoviruses and adeno-associated viruses), which
serve equivalent functions.

[0031] The vector may also contain additional sequences,
such as a polylinker for subcloning of additional nucleic acid
sequences, a polyadenylation signal to effect proper poly-
adenylation of the transcript. The nature of the polyadeny-
lation signal is not believed to be crucial to the successful
practice of the invention, and any such sequence may be
employed, including but not limited to the SV40 and bovine
growth hormone poly-A sites. Also contemplated as an
element of the vector is a termination sequence, which can
serve to enhance message levels and to minimize read
through from the construct into other sequences. Finally,
expression vectors typically have selectable markers, often
in the form of antibiotic resistance genes, that permit selec-
tion of cells that carry these vectors.

[0032] In a further embodiment, the present invention
provides recombinant host cells transfected with the expres-
sion vectors disclosed herein. As used herein, the term “host
cell” is intended to refer to a cell into which a nucleic acid
of the invention, such as a recombinant expression vector of
the invention, has been introduced. Such cells may be
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prokaryotic, which can be used, for example, to rapidly
produce a large amount of the expression vectors of the
invention, or may be eukaryotic, for functional studies.

[0033] The terms “host cell” and “recombinant host cell”
are used interchangeably herein. It should be understood that
such terms refer not only to the particular subject cell but to
the progeny or potential progeny of such a cell. Because
certain modifications may occur in succeeding generations
due to either mutation or environmental influences, such
progeny may not, in fact, be identical to the parent cell, but
are still included within the scope of the term as used herein.

[0034] The host cells can be transiently or stably trans-
fected with one or more of the expression vectors of the
invention. Such transfection of expression vectors into
prokaryotic and eukaryotic cells can be accomplished via
any technique known in the art, including but not limited to
standard bacterial transformations, calcium phosphate co-
precipitation, electroporation, or liposome mediated-,
DEAE dextran mediated-, polycationic mediated-, or viral
mediated transfection. (See, for example, Molecular Clon-
ing: A Laboratory Manual (Sambrook, et al., 1989, Cold
Spring Harbor Laboratory Press; Culture of Animal Cells: A
Manual of Basic Technique, 2" Ed. (R. 1. Freshney. 1987.
Liss, Inc. New York, N.Y.).

[0035] In another embodiment, the present invention pro-
vides an isolated and purified pol K76 polypeptide consisting
of the amino acid sequence of SEQ ID NO:31.

[0036] As used herein, an “isolated polypeptide™ refers to
a polypeptide that is substantially free of other proteins,
cellular material and culture medium when isolated from
cells or produced by recombinant DNA techniques, or
chemical precursors or other chemicals when chemically
synthesized. Thus, the protein can either be purified from
natural sources, or recombinant protein can be purified from
the transfected host cells disclosed above. In a preferred
embodiment, the proteins are produced by the transfected
cells disclosed above, and purified using standard tech-
niques. (See for example, Molecular Cloning: A Laboratory
Manual (Sambrook, et al., 1989, Cold Spring Harbor Labo-
ratory Press.)) The protein can thus be purified from
prokaryotic or eukaryotic sources. In various further pre-
ferred embodiments, the protein is purified from bacterial,
yeast, or mammalian cells.

[0037] The protein may comprise additional sequences
useful for promoting purification of the protein, such as
epitope tags and transport signals. Examples of such epitope
tags include, but are not limited to FLAG (Sigma Chemical,
St. Louis, Mo.), myc (9E10) (Invitrogen, Carlsbad, Calif.),
6-His (Invitrogen; Novagen, Madison, Wis.), and HA (Boe-
hringer Manheim Biochemicals). Examples of such trans-
port signals include, but are not limited to, export signals,
secretory signals, nuclear localization signals, and plasma
membrane localization signals.

[0038] In a further aspect, the invention provides methods
for detecting the presence of the pol K76 in a protein sample,
comprising providing a protein sample to be screened,
contacting the protein sample to be screened with an anti-
body against pol K76, or another compound that specifically
interacts with pol k76, and detecting the formation of
antibody-antigen or pol K76-compound complexes. Where
the detection is done via antibody detection, the antibody
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can be either polyclonal or monoclonal, although mono-
clonal antibodies are preferred. As used herein, the term
“protein sample” refers to any sample that may contain pol
K76, including but not limited to tissues and portions
thereof, tissue sections, intact cells, cell extracts, purified or
partially purified protein samples, bodily fluids, nucleic acid
expression libraries. Accordingly, this aspect of the present
invention may be used to test for the presence of pol K76
antigen in these various protein samples by standard tech-
niques including, but not limited to, immunolocalization,
immunofluorescence analysis, Western blot analysis, ELI-
SAs, and nucleic acid expression library screening, (See for
example, Sambrook et al, 1989.) In one embodiment, the
techniques may determine only the presence or absence of
pol k76. Alternatively, the techniques may be quantitative,
and provide information about the relative amount of pol
K76 in the sample. For quantitative purposes, ELISAs are
preferred.

[0039] Detection of immunocomplex formation between
pol K76 and antibodies or fragments thereof, directed against
pol k76, can be accomplished by standard detection tech-
niques. For example, detection of immunocomplexes can be
accomplished by using labeled antibodies or secondary
antibodies. Such methods, including the choice of label are
known to those ordinarily skilled in the art. (Harlow and
Lane, Supra). Alternatively, the polyclonal or monoclonal
antibodies can be coupled to a detectable substance. The
term “coupled” is used to mean that the detectable substance
is physically linked to the antibody. Suitable detectable
substances include various enzymes, prosthetic groups, fluo-
rescent materials, luminescent materials and radioactive
materials. Examples of suitable enzymes include horserad-
ish peroxidase, alkaline phosphatase, p-galactosidase, or
acetylcholinesterase. Examples of suitable prosthetic-group
complexes include streptavidin/biotin and avidin/biotin.
Examples of suitable fluorescent materials include umbel-
liferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phy-
coerythrin. An example of a luminescent material includes
luminol. Examples of suitable radioactive material include
1251, 1311, 3SS or 3H.

[0040] Such methods of detection are useful for a variety
of purposes, including but not limited to detecting an
autoimmune condition, identifying cells targeted for or
undergoing apoptosis, immunolocalization of pol k76 in a
tissue sample, Western blot analysis, and screening of
expression libraries to find related proteins.

[0041] Antibodies can be made by well-known methods,
such as described in Harlow and Lane, Antibodies; A Labo-
ratory Manual, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., (1988). In one example, preimmune serum is
collected prior to the first immunization. A peptide portion
of the amino acid sequence of pol K76 that is not co-linear
in pol K, due to the alternative splicing of the pre- mRNA,
together with an appropriate adjuvant, is injected into an
animal in an amount and at intervals sufficient to elicit an
immune response. Animals are bled at regular intervals,
preferably weekly, to determine antibody titer. The animals
may or may not receive booster injections following the
initial immunization. At about 7 days after each booster
immunization, or about weekly after a single immunization,
the animals are bled, the serum collected, and aliquots are
stored at about -20° C. Polyclonal antibodies against pol
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K76 can then be purified directly by passing serum collected
from the animal through a column to which non-antigen-
related proteins prepared from the same expression system
without pol K76 bound.

[0042] Monoclonal antibodies can be produced by obtain-
ing spleen cells from the animal. (See Kohler and Milstein,
Nature 256, 495-497 (1975)). In one example, monoclonal
antibodies (mADb) of interest are prepared by immunizing
inbred mice with peptide portion of the amino acid sequence
of pol k76 that is not co-linear in pol k, due to the alternative
splicing of the pre-mRNA. The mice are immunized by the
IP or SC route in an amount and at intervals sufficient to
elicit an immune response. The mice receive an initial
immunization on day 0 and are rested for about 3 to about
30 weeks. Immunized mice are given one or more booster
immunizations of by the intravenous (IV) route. Lympho-
cytes, from antibody positive mice are obtained by removing
spleens from immunized mice by standard procedures
known in the art. Hybridoma cells are produced by mixing
the splenic lymphocytes with an appropriate fusion partner
under conditions which will allow the formation of stable
hybridomas. The antibody producing cells and fusion part-
ner cells are fused in polyethylene glycol at concentrations
from about 30% to about 50%. Fused hybridoma cells are
selected by growth in hypoxanthine, thymidine and aminop-
terin supplemented Dulbecco’s Modified Eagles Medium
(DMEM) by procedures known in the art. Supernatant fluids
are collected from growth positive wells and are screened
for antibody production by an immunoassay such as solid
phase immunoradioassay. Hybridoma cells from antibody
positive wells are cloned by a technique such as the soft agar
technique of MacPherson, Soft Agar Techniques, in Tissue
Culture Methods and Applications, Kruse and Paterson,
Eds., Academic Press, 1973.

[0043] To generate such an antibody response, the peptide
portion of the amino acid sequence of pol k76 that is not
co-linear in pol x, is typically formulated with a pharma-
ceutically acceptable carrier for parenteral administration.
Such acceptable adjuvants include, but are not limited to,
Freund’s complete, Freund’s incomplete, alum-precipitate,
water in oil emulsion containing Corynebacterium parvum
and tRNA. The formulation of such compositions, including
the concentration of the polypeptide and the selection of the
vehicle and other components, is within the skill of the art.

[0044] The term antibody as used herein is intended to
include antibody fragments thereof which are selectively
reactive with pol K76. Antibodies can be fragmented using
conventional techniques, and the fragments screened for
utility in the same manner as described above for whole
antibodies. For example, F(ab'), fragments can be generated
by treating antibody with pepsin. The resulting F(ab"),
fragment can be treated to reduce disulfide bridges to
produce Fab' fragments.

[0045] In yet another aspect, the invention provides meth-
ods for detecting the presence in a sample of nucleic acid
sequences encoding pol K76 comprising providing a nucleic
acid sample to be screened, contacting the sample with a
nucleic acid probe derived from the isolated nucleic acid
sequences of the invention, or fragments thereof, and detect-
ing complex formation.

[0046] As used herein, the term “sample” refers to any
sample that may contain pol k76 -encoding nucleic acid,
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including but not limited to tissues and portions thereof,
tissue sections, intact cells, cell extracts, purified or partially
purified nucleic acid samples, DNA libraries, and bodily
fluids. Accordingly, this aspect of the present invention may
be used to test for the presence of pol k76 mRNA or DNA
in these various samples by standard techniques including,
but not limited to, in situ hybridization, Northern blotting,
Southern blotting, DNA library screening, polymerase chain
reaction (PCR) or reverse transcription-PCR (RT-PCR).
(See for example, Sambrook et al, 1989.) In one embodi-
ment, the techniques may determine only the presence or
absence of the nucleic acid of interest. Alternatively, the
techniques may be quantitative, and provide information
about the relative amount of the nucleic acid of interest in
the sample. For quantitative purposes, quantitative PCR and
RT-PCR are preferred. Thus, in one example, RNA is
isolated from a sample, and contacted with an oligonucle-
otide derived from the pol k76 nucleic acid sequence,
together with reverse transcriptase under suitable buffer and
temperature conditions to produce cDNAs from the pol K76
RNA. The cDNA is then subjected to PCR using primer
pairs derived from the nucleic acid sequence of interest. In
a preferred embodiment, the primers are designed to detect
the presence of the RNA expression product of SEQ ID
NO:30, and the amount of pol k76 gene expression in the
sample is compared to the level in a control sample.

[0047] For detecting pol k76 nucleic acid sequences, stan-
dard labeling techniques can be used to label the probe, the
nucleic acid of interest, or the complex between the probe
and the nucleic acid of interest, including, but not limited to
radio-, enzyme-, chemiluminescent-, or avidin or biotin-
labeling techniques, all of which are well known in the art.
(See, for example, Molecular Cloning: A Laboratory
Manual (Sambrook, et al., 1989, Cold Spring Harbor Labo-
ratory Press), Gene Expression Technology (Methods in
Enzymology, Vol. 185, edited by D. Goeddel, 1991. Aca-
demic Press, San Diego, Calif.); PCR Protocols: A Guide to
Methods and Applications (Innis, et al. 1990. Academic
Press, San Diego, Calif.)).

[0048] Such methods of nucleic acid detection are useful
for a variety of purposes, including but not limited to
diagnosing an autoimmune condition, identifying cells tar-
geted for or undergoing apoptosis, in situ hybridization,
Northern and Southern blot analysis, and DNA library
screening.

[0049] As demonstrated in the following examples, pol
K76 shows preferential expression in skin and keratinocytes
that are commonly targeted in naturally-occurring automim-
mune responses, and is expressed at an elevated level in
systemic lupus erythematosus (SLE) patients. Furthermore,
pol K76 is shown herein to be associated through another
protein with GPBP, which is known to be associated with
autoimmune conditions.

[0050] Thus, in a preferred embodiment, detection of pol
K76 expression is used to detect an autoimmune condition.
Asample that is being tested is compared to a control sample
for the expression of pol K76 RNA, wherein an increased
level of pol k76 RNA expression indicates the presence of
an autoimmune condition. In this embodiment, it is prefer-
able to use quantitative RT-PCR and to employ oligonucle-
otides that generate a product from pol K76 RNA but not
polK RNA, or that produce distinguishable products from
pol k76 RNA and pol k RNA.
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[0051] Furthermore, pol K76/pol x are likely to be
involved in cell signaling pathways that induce apoptosis,
which may be up-regulated during autoimmune pathogen-
esis and down-regulated during cell transformation to pre-
vent autoimmune attack to transformed cells during tumor
growth. Thus, the detection methods disclosed herein can be
used to detect cells that are targeted for, or are undergoing
apoptosis.

[0052] In another aspect, the present invention provides a
method for treating an autoimmune disorder or cancer
comprising modification of the expression or activity of pol
K76 RNA or pol k76 polypeptide, such as by increasing or
decreasing their expression or activity. Modifying the
expression of or activity of pol k76 RNA or pol 76
polypeptide can be accomplished by using specific inducers
or inhibitors of pol K76 expression or activity, pol k76
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antibodies, antisense therapy, or other techniques known in
the art. As used herein, “modification of expression or
activity” refers to modifying expression or activity of either
the RNA or protein product.

[0053] The present invention may be better understood
with reference to the accompanying examples that are
intended for purposes of illustration only and should not be
construed to limit the scope of the invention, as defined by
the claims appended hereto.

EXAMPLES
[0054] Materials and Methods.
[0055] Synthetic oligonucleotides. The following oligo-

nucleotides and other used for DNA sequencing were syn-
thesized by Genosys, Life Technology Inc., Roche or

Pharmacia:

ON-GPBP-6c, CTCGCTCGCCCAGGGAAGGAAAAGGGAAAAGAAGGGA-3"' (SEQ ID NO:37);
ON-GPBP-14c, 5'-CTGCCTGGCCCACTATTTACC-3"' (SEQ ID NO:38);
ON-GPBP-18m, 5 ' —-GGCATGGTTAACGTGGTTCTC-3" (SEQ ID NO:39);
ON-XbaG/Bprolm, 5'-GACTCTAGAGGGTTCGGGAGGAGGATCCCG-3"' (SEQ ID NO:40);
ON-XbaG/Bprolc, 5'-GACTCTAGACTGGCCCACTATTTACCCTCC-3"' (SEQ ID NO:41);
ON-SP1Del, 5 ' -CGCCGGGAGGGGGACGTAGTGGGGGAGAAT-3" (SEQ ID NO:42);
ON-TATADel, 5 ' =CAGGGGAGGGGAGGGGTGGGCCAGTCTAGA-3" (SEQ ID NO:43);
ON-DIN2c, 5' -GGATTATTGCACTTGCCTTCAC-3" (SEQ ID NO:44);
ON-DIN5'm, 5 ' -AAAGGATCCATGGATAGCACAAAGGAG-3" (SEQ ID NO:45);
ON-DIN-THc, 5'-AAAAAAGTCGACTTACTTAAAAAATATATCAAGGGT-3' (SEQ ID NO:46);

ON-DINB1-R2,
ON-GPBP-39¢,
ON-LMPTAP1m,

ON-LMPTAPlc,

5 ' -TGGTATTGCTCAAATTTCGGC-3"'

5'-TGAGAGAGCTTTCCGCTG-3'

5 ' —-ATGTCTAGATGTGTAGGGCAGATCTGCCC-3"

5'-ATGTCTAGACTGGTGCCCAATTTTCTCCA-3"'

(SEQ ID NO:47);
(SEQ ID NO:48);
(SEQ ID NO:49);

(SEQ ID NO:50);

ON-HSPlm, 5 ' —-ATGTCTAGATAAGCCGGCCGGAGAGGGCT-3" (SEQ ID NO:51);
ON-HSPlc, 5 ' —-ATGTCTAGACGCGGCACCGCGTGTGCAGG-3" (SEQ ID NO:52);
ON-SA3A4m, 5'-GACTCTAGAGGGTTAAGGAGGTGATGCTCCC-3" (SEQ ID NO:53);
ON-SA3R4c, 5' —-GACTCTAGATGGCCACTCCCTCCACCCTGCGC-3" (SEQ ID NO:54);
ON-INGA3A4m, 5'-GACTCTAGACACCCAGGCTTTTTGGTTGTGGC-3" (SEQ ID NO:55);
ON-INGA3A4c, 5 ' —-GACTCTAGARAGCGGGGCCTCCCGCAGACGC-3"' (SEQ ID NO:56);
ON-S2A3A4m, 5'-ATGTCTAGATAGGCACTGGACAAGCCCCC-3"' (SEQ ID NO:57);
ON-S2A3A4c, 5 ' —-ATGTCTAGAGGGCTAGTGGCGAGGCTGAG-3" (SEQ ID NO:58);
ON-IDH-F1, 5' —-CACAGAGGGCGAGTACAGCA-3' (SEQ ID NO:59):;
ON-IDH-R1, 5 ' -TGATCTTCAGGCTCTCCACCA~3"' (SEQ ID NO:60);

ON-TRAPD-F1,

ON-TRAPD-R1,

ON-LMP2-F2,

5 ' -GGGTCCAGAACATGGCTCTC-3"'

(SEQ ID NO:61);

5'-ACATCCTGGCCTCGAGTGAC-3"' (SEQ ID NO:62);

5'-GCAGCATATAAGCCAGGCATG-3"' (SEQ ID NO:63);
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-continued
ON-LMP2-R2, 5 ' -TGGCCAGAGCAATAGCGTCT-3" (SEQ ID NO:64);
ON-TAP1-F2, 5 ' —-GCCGCCTCACTGACTGGAT-3' (SEQ ID NO:65);
ON-TAP1-R2, 5 ' -TCGAGTGAAGGTATCGGCTGA-3' (SEQ ID NO:66);
ON-DHFR-F1, 5 ' -CCTGTGGAGGAGGAGGTGG-3" (SEQ ID NO:67);
ON-DHFR-R1, 5 ' -CCGATTCTTCCAGTCTACGGG-3 ' (SEQ ID NO:68);
ON-MSH3-F1, 5 ' -TGGGTAAAGGTTGGAAGCACA-3' (SEQ ID NO:69);
ON-MSH3-R1, 5 ' - AAAAGGAGAGTGAAAGCGGCT-3 ' (SEQ ID NO:70);
ON-HO3-F2, 5 ' -GAGCTGTTGTCCCTCCGCT- 3" (SEQ ID NO:71);
ON-HO3-R2, 5 ' —-GGCCAGATAACGAGCAAAGG-3' (SEQ ID NO:72);
ON-HARS-F2, 5 ' - AGGTGGCGAAACTCCTGAAAC-3 ' (SEQ ID NO:73);
ON-HARS-R2, 5 ' - TGCTTTCATCAGGACCCAGC-3" (SEQ ID NO:74);
ON-Hspl0-F1, 5 ' -GGAGGGAGTAATGGCAGGACA-3' (SEQ ID NO:75);
ON-Hspl0-R1, 5 ' -AGCAGCACTCCTTTCAACCAA-3' (SEQ ID NO:76);
ON-Hsp60-F1, 5 ' -GCCTTTGGTCATAATCGCTGA-3 ' (SEQ ID NO:77);
ON-Hsp60-R1, 5 ' -TGCCACAACCTGAAGACCAAC-3 ' (SEQ ID NO:78);
ON-COL4Al-F1, 5 ' -GCTCTACGTGCAAGGCAATGA-3 ' (SEQ ID NO:79);
ON-COL4Al-R1, 5 ' - ATTGTGCTGAACTTGCGCAG-3" (SEQ ID NO:80);
ON-COL4A2-F1, 5 ' -GAAAAGGGTGACGTAGGGCA-3" (SEQ ID NO:81);
ON-COL4A2-R1, 5 ' -GGTGTCTGATGGAATCCCGTT-3 " (SEQ ID NO:82);
ON-GP-F1, 5 ' -GGAGACAGTGGATCACCTGCA-3' (SEQ ID NO:83);
ON-GP-R1, 5 ' -TGCTGTGGTTTGACTGTGTCG-3 "' (SEQ ID NO:84);
ON-COL4A4-F1, 5 ' -CTTGCCTTCCCGTATTTAGCA-3' (SEQ ID NO:85);
ON-COL4A4-R1, 5 ' -GGATCTGTCGTTTCTCTGGGC-3 ' (SEQ ID NO:86);
ON-COL4A5-F1, 5 ' -CATCGAATGTCATGGGAGGG-3" (SEQ ID NO:87);
ON-COL4A5-R1, 5 ' - AGTTGCCAGCCAAAAGCTGTA-3' (SEQ ID NO:88);
ON-COL4A6-F1, 5 ' - TTTGGGCTAGACTACCGGACA-3' (SEQ ID NO:89);
ON-COL4A6-R1, 5 ' - TCTCTATGGACCCGAGGGCT-3" (SEQ ID NO:90);
ON-GPBP-F1, 5 ' -CTGAATCCAGCTTGCGTCG-3" (SEQ ID NO:91);
ON-GPBP-R1, 5 ' -GCAGAGTAGCCACTTGCTCC-3' (SEQ ID N0:92);
ON-DinBl1-F3, 5 ' -GCCCCCCAACTTTGACAAAT-3" (SEQ ID NO:93);
ON-DinB1-R3, 5 ' -GCTTCATCAAGACTCATGGCC-3 (SEQ ID NO:94);
ON-hGAPDH-F1, 5 ' ~-GAAGGTGAAGGTCGGAGTC-3' (SEQ ID NO:95);
ON-hGAPDH-R1, 5 ' -GAAGATGGTGATGGGATTTC-3" (SEQ ID NO:96);
ON-GPBP-26-1F, 5'-GCTGTTGAAGCTGCTCTTGACA-3" (SEQ ID NO:97);
ON-mGPBP-26-1R, 5'-CCATTTCTTCAACCTTTTGTACAA-3' (SEQ ID NO:98);
ON-GPBPe26-1R, 5'-CTTGGGAGCTGAATCTGTGAA-3' (SEQ ID NO:99);
ON-huDINB-76-F1, 5'-CCAGTGCAGGTGTTCGGATA-3" (SEQ ID NO:100);
ON-huDINB-76-R1, 5'-TTTCCAGCCTGTAAAAAGCCA-3' (SEQ ID NO:101);

ON-hGPBP-26-1R, 5'-CCATCTCTTCAACCTTTTGGACA-3' (SEQ ID NO:102).
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[0056] Isolation of the 5' genomic region of COL4A3BP.
The 5'-end region of COL4A3BP was isolated by PCR using
ON-GPBP-6¢, Adapter primer 2 (AP2)(Clontech) and DNA
from human genomic libraries (PromoterFinder DNA Walk-
ing Kit (Clontech)). We obtained a single DNA fragment in
four of the five of the libraries screened (1.6, 1.3, 0.8, and 0.4
kb, respectively). By sequencing the 0.4-kb DNA fragment
we characterized the COL4A3BP region immediately
upstream of the cDNA clone (n4') (SEQ ID 1) previously
reported (Disclosed in WO 00/50607; GenBank accession
no AF136450) [2]. Based on the sequence of the 0.4 kb
fragment, we designed and synthesized ON-GPBP-14c, and
used it in combination with AP2 to perform PCR on the 1.6
kb genomic library fragment. From this PCR, we obtained a
PCR DNA fragment of ~1.5 kb containing the 5' genomic
region of COL4A3BP without any exon sequences present
in n4'. This DNA fragment was then used to screen a
HeLa-derived cDNA library, from which we isolated Hel.a
4.1, a clone containing 1.3 kb of ¢cDNA (SEQ ID NO:2
(GenBank accession no AF315601). Finally, we used
ON-GPBP-18m (an oligonucleotide derived from Hela 4.1)
and ON-GPBP-6¢ (an oligonucleotide derived from n4') to
conduct PCR on human genomic DNA, from which we
generated a 955-bp PCR product (SEQ ID NO:3)(GenBank
accession no AF315603) that contained Hela 4.1 sequence,
the 5' region of the first exon of COL4A3BP, and the
intervening DNA region (FIG. 1).

[0057] Plasmid construction. A 772-bp DNA fragment was
generated by digesting the 955-bp PCR product (SEQ. ID
NO:3) with Xbal and EcIXI, the ends were filled-in, and the
orientation expressing COL4A3BP (SEQ ID NO:4) or
POLK (SEQ ID NO:5) cloned into the Hincll site of
p®DGH (Nichols Institute) immediately upstream of human
growth hormone reporter gene to generate LpromGPBP and
LpromPolIK.  Alternatively, ON-XbaG/Bprolm and
ON-XbaG/Bprolc were used to obtain a 140-bp PCR prod-
uct which contained the intergene region, the major tran-
scription start sites for each gene and a few nucleotides of
the corresponding exon 1 from either COL4A3BP or POLK
(shaded sequence in FIG. 1). Upon digestion with Xbal,
cach of the two orientations (SEQ ID NO: 6; SEQ ID NO:
7) was cloned in the corresponding restriction site of the
polylinker region of p®GH to generate SpromGPBP and
SpromPolx, respectively. Subsequently, SpromGPBP was
used to obtain constructs in which Sp1, TATA, or both sites
were selectively deleted. This was accomplished using
ON-SP1Del, ON-TATADel or both and a site-directed
mutagenesis approach. To obtain the corresponding pro-
moter mutants for POLK, we cloned the reverse orientation
of the SpromGPBP mutants by Xbal digestion and re-
ligation.

[0058] To generate p®GH-based constructs containing
140-bp homologous regions of COLAA3/COL4A4, LMP2/
TAP1 and HSP10/HSP60, human DNA was prepared from
blood cells using a DNA purification kit (Epicenter), and the
regions of interest amplified by PCR using the following
pair of synthetic oligonucleotides ON-S2A3A4m/ON-
S2A3A4c, ON-SA3A4m/ON-SA3A4c, ON-INGA3A4m/
ON-INGA3AA4c to obtain the DNA regions corresponding to
182-318 (SEQ ID NO: 8; SEQ ID NO:9), 849-990 (SEQ ID
NO: 10; SEQ ID NO:11), 675-1045 nucleotides (SEQ ID
NO: 12; SEQ ID NO:13) of AF218541; ON-LMPTAP1m/
ON-LMPTAPIc to obtain the DNA fragment containing the
24579-24718 nucleotides (SEQ ID NO: 14; SEQ ID NO:15)
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of X66401; and ON-HSP1m/ONHSPI1c to obtain the 3451-
3590 nucleotides (SEQ ID NO: 26; SEQ ID NO:27) of
AJ250915. The DNA fragments were individually digested
with Xbal and cloned in the corresponding site of the
polylinker region of p®GH in each of the two orientations.

[0059] To generate pGBT9 and pGAD424 plasmids for
pol ¥ and pol k76 the corresponding cDNA fragments
obtained by RT-PCR (sce below) were digested with BamHI
and Sall and cloned in the corresponding sites of a FLAG
modified version of the corresponding expression vectors
(Clontech) engineered essentially as previously described
[2] but containing a BamHI site immediately downstream of
the FLAG peptide sequence.

[0060] All the plasmid-based constructs were character-
ized by nucleotide sequencing.

[0061] Plasmid expressing human glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) was provided by Erwin
Knecht.

[0062] Ribonuclease protection assays. By digesting
LpromGPBP with Apal and EclXI we obtained a DNA
fragment of 503-bp containing the two 5' end regions of
POLK and COL4A3BP genes and the intergene region. The
DNA fragment was blunt-end with T4 DNA polymerase and
cloned into the Hincll site of Bluescribe M13+ (Stratagene).
Ribonucleotide probes from T3 and T7 promoters represent-
ing the antisense of the GPBP or pol Kk mRNAS respectively
were obtained using MAXIscript™ T7/T3 in vitro transcrip-
tion kit (Ambion). Individual ribonucleotide probes were
subject to ribonuclease protection assays using RPAIII™
(Ambion) and total RNA from human cultured hTERT-
RPE1 (Clontech) or 293 cells (ATCC # CRL-1573). The
digestion mixtures were analyzed by gel electrophoresis
(8M urea 8% acrylamide gel) and autoradiography.

[0063] RNA purification. Total RNA was prepared from
human tissues or cultured cells using TRI-REAGENT
(Sigma) and following the manufacturer’s recommenda-
tions.

[0064] Reverse transcription (RT) and polymerase chain
reactions studies(PCR).

[0065] To obtain a continuous cDNA fragment containing
Hela 4.1 and pol k coding sequences (GenBank accession
no AF318313 (SEQ ID NO: 32) we carried out a PCR on
human striated muscle cDNA library (MATCHMAKER™
from Clontech) with ON-GPBP-39¢ and ON-DINB1-R2
primers using the Expand™ Long Template PCR System
(Roche). To obtain the cDNA for pol k or pol k76, 5 ug of
total RNA extracted from human foreskin was reverse-
transcribed with ON-DIN2c¢ using the Ready-To-Go system
(Pharmacia). An aliquot (0.5 ul) of the resulting cDNA-RNA
hybrid was similarly subjected to PCR using ON-DIN5'm
and ON-DIN-THe.

[0066] Real Time PCR studies were performed using a
SDS 7700 Applied Biosystems apparatus and aliquots of
either human cDNA libraries for striated muscle, HeLa cells,
keratinocytes, pancreas, brain and kidney (MATCHMAKER
from Clontech) or random hexamer reverse-transcriptase
reactions performed as above using total RNA extracted
from human hTERT-RPE1 cells, foreskin, lung, spleen,
adrenal gland and kidney or from mouse kidney.
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[0067] The mRNA determinations in hTERT-RPE were
done on 5 ul of a 1:10 (for the different genes of interest) or
1:1000 (for GAPDH) dilution of a single reverse tran-
scriptase reaction using the Relative Quantitation Method
analysis (AACt) following manufacturer’s recommenda-
tions. GAPDH was used as endogenous control to normalize
quantification. The pair of oligonucleotides were, ON-IDH-
F1 and ON-IDH-R1 for IDHG; ON-TRAPD-F1 and ON-
TRAPD-R1 for TRAPD; ON-LMP2-F2 and ON-LMP2-R2
for LMP2; ON-TAP1-F2 and ON-TAP1-R2 for TAP1; ON-
DHFR-F1 and ON-DHFR-R1 for DHFR; ON-MSH3-F1
and ON-MSH3-R1 for MRP1; ON-HO3-F2 and ON-HO3-
R2 for HO3; ON-HARS-F2 and ON-HARS-R2 for HRS;
ON-Hsp10-F1 and ON-Hsp10-R1 for HSP10; ON-Hsp60-
F1 and ON-Hsp60-R1 for HSP60; ON-COL4Al1-F1 and
ON-COL4A1-R1 for COL4Al, ON-COL4A2-F1 and
ON-COL4A2-R1 for COL4A2; ON-GP-F1 and ON-GP-R1
for COL4A3; ON-COL4A4-F1 and ON-COL4A4-R1 for
COL4A4; ON-COL4A5-F1 and ON-COL4A5-R1 for
COL4A5;, ON-COL4A6-F1 and ON-COL4A6-R1 for
COL4A6; ON-GPBP-F1  and ON-GPBP-R1 for
COL4A3BP; ON-DinB1-F3 and ON-DinB1-R3 for POLK;
ON-hGAPDH-F1 and ON-hGAPDH-R1 for GAPDH.

[0068] To determine mRNA levels for human pol x or pol
k76 PCR reactions were performed using ON-DINB1-F3
and ON-DINB1-R3 or ON-huDINB-76-F1 and
ON-huDINB-76-R1 respectively, and either 6 and 60 ng of
the different cDNA libraries, or 5 pl of a 1:10 dilution of the
individual reverse transcriptase reactions. Standard curves
for each PCR were done using the same oligonucleotides
and different amounts of individual plasmids containing the
corresponding cDNAs.

[0069] To determine GPBP and GPBPA26 mRNA levels
in mouse kidney PCR reactions were done using ON-GPBP-
26-1F and ON-GPBPe26-1R or ON-mGPBP-26-1R, respec-
tively and 5 ul of a 1:10 and 1:100 dilution of the individual
reverse transcriptase reactions.

[0070] To determine GPBP and GPBPA26 mRNA levels
in human skin samples PCR reactions were done using
ON-GPBP-26-1F and ON-GPBPe26-1R or ON-hGPBP-26-
1R, respectively and 5 ul of a 1:10 dilution of the individual
reverse transcriptase reactions.

[0071] Northern analysis. Pre-made Northern blots (Clon-
tech) were probed with **P-labeled ¢cDNAs representing
GPBP (n4") or pol k (see above) according to manufacturer’s
instructions.

[0072] Cell culture and transient gene expression assays.
Cells were grown in DMEM (NIH 3T3 and 293) or DMEM
F-12 HAM (hTERT-RPE1) with 100 units/ml of penicillin
and 100 pg/ml streptomycin, and supplemented with 10%
calf serum (NIH 3T3 cells) or fetal calf serum (hTERT-
RPE1 and 293). For transient gene expression assays, NIH
3T3 cells (1.4x10%) were seeded in 9.5 cm” plates, cultured
for 14-16 hours, and then transfected for 16-18 hours with
2.5 ug of each individual p@GH-derived plasmid and 2.5 ug
of p-galactosidase expression vector (Promega) using the
calcium phosphate precipitation method of the Profection
Mammalian Transfection System (Promega). After transfec-
tion, the cells were rinsed with phosphate-buffered saline,
fresh medium was added, and the levels of human growth
hormone in the media were determined after 48 hours using
a solid phase radioimmunoassay system (Nichols Institute).
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p-galactosidase activity determination was performed fol-
lowing manufacturer’s recommendations. For some pur-
poses, after transfection the cells were cultured in low serum
(0.5%) media for 24 hours, media was discarded, and fresh
low serum media containing TNFa(10 ng/ml) or TNFS(50
ng/ml) was added, and levels of human growth hormone
similarly determined.

[0073] For other purposes hTERT-RPE1 cells were grown
up to 60-70% confluence, media removed and fresh serum-
free media added and culture continued. After 24 hours the
media was removed, fresh serum-free media containing
TNFp (50 ng/ml) added, and, after one hour, the media was
discarded and cells were used for RNA preparation.

[0074] Isolation of genomic DNA encoding GPBP. We
have used human GPBP c¢DNA fragments obtained from
specific PCR amplification of n4' to screen a human genomic
library, hfix-w138 (Stratagene). Two independent and over-
lapping genomic clones AfixGPBP1 and LfixGPBP3, of ~14
kb and ~13 kb respectively, were characterized by restriction
mapping and partial nucleotide sequencing. The nucleotide
sequence of ~12 Kb of the AfixGPBP1 has been recently
reported (GenBank accession no AF2329353) [3].

[0075] Chromosome localization of COL4A3BP, the
structural gene for GPBP. To map COL4A3BP, a fluores-
cence in situ hybridization (FISH) analysis was performed
essentially as described in Ref. 13 on metaphase chromo-
somes obtained from control peripheral blood using AMixG-
PBP1 and AMixGPBP3, labeled by standard nick-translation
with digoxigenin-11-dUTP and biotin-16-dUTP respec-
tively. The hybridized material was detected using either
sheep anti-digoxigenin-FITC (fluoresceine isothiocyanate
(Roche) or avidine-rhodamine (Vector Laboratories).

[0076] Computer analysis. Alignments were generated
with the program GAP of the GCG-package (Genetics
Computer Group). GAP uses the algorithm of Needleman
and Wunsch [14] As originally introduced the algorithm
sought to maximize a similarity, or quality (Q), between two
sequences. From any pair of bases, an aligment can be
extended in three ways: adding a base in each sequence, with
a specified addition to the distance if the bases do not match,
or adding a base in one sequence but a gap in the other, or
vice versa. Introduction of a gap also contributes a specific
amount to the distance. Formally, the best alignment will be
the one that keeps up the relationship Q=max(x-Zz, w,),
where X is the number of matched pairs, z, the number of
gaps with length k, and w,_ the penalty for a gap of length k.
Many systems of gap penalty have been used; the liner
system being the most commonly used because it saves
computer time. In this system W =c+fk, where o (the
gap-opening penalty) and [} (the gap-extension penalty) are
non-negative parameters. Which alignment is preferable
depends upon the penalty weights used. For example, a
small o along with a big [ will favor an alignment with
many short gaps, whereas a large o with a small § will favor
an alignment with few long gaps. The gap parameters
employed in the analysis were =50 and p=3. The statistical
distribution of Q is not well characterized. Therefore, to
assess the statistical significance of an alignment it is
necessary to use a bootstrapping technique. In brief, the
sequence being aligned is shuffled 100 times, maintaining its
length and composition, and then realigned to the target
POLK/COL4A3BP sequence. The average alignment qual-
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ity, E(Q), plus or minus the standard deviation, of all
randomized alignments can be used to evaluate the signifi-
cance of the alignment. If the observed Q is significantly
larger than that expected by chance, E(Q), then a P<0.05
would be obtained. FIGS. 4 and 5 show the observed Q
values as well as E(Q) (tstandard error).

[0077] Animal studies. The implication of TNF and GPBP
in the development of murine systemic lupus erythematosus
(SLE) was analyzed in F1 hybrids between NZW females
and C57BL/6 (B6) males that over-express a human Bel-2
transgene in the B cell compartment under the regulation of
the SV40 promotor and IgM enhancer. These Bel-2-trans-
genic F1 mice develop an aggressive SLE characterized by
the production of a large spectrum of pathogenic autoanti-
bodies resulting in the development of an immunocomplex-
mediated gomerulonephritis and early death (50% of mor-
tality is observed at 9-10 months of age) [15]. In contrast,
non-transgenic (NZWxB6)F1 mice are immunologically
normal and are used as controls. The development of the
disease in the Bcl-2-transgenic F1 mice is believed to be a
consequence of an over-expression of human Bcl-2 in B
cells that prolongs the survival of potentially autoreactive B
cells generated either in the bone marrow or in the germinal
centers of secondary lymphoid organs in the course of T
cell-dependent antibody responses, and also because of the
genetic predisposition to SLE provided by the NZW genetic
background. In this respect, several genetic loci associated
with the production of autoantibodies and/or glomerulone-
phritis (GN) have been mapped in the NZW mouse strain.
However, the nature of these genetic defects associated with
the different autoimmune traits remains at the present largely
unknown. The production of autoantibodies in Bcl-2-trans-
genic F1 mice is first observed at 2 months, and glomerular
lesions are already evident at 3-5 months of age. As
observed in other murine models of spontaneous SLE, both
autoantibody production and GN are inhibited after the
treatment from birth of (NZWxB6)F1-Bcl-2 mice with an
anti-CD4 monoclonal antibody, indicating that the disease is
a CD4-dependent phenomenon.

[0078] For some purposes, (NZWxBO6)F1 mice were
treated from birth with anti-CD4 antibodies as previously
reported [ 16], and the presence of the transgene (Tg) in each
animal determined as described [17]. The anti-CD4 treat-
ment was continued for the F1Tg(+) up to three month and
then half of mice were maintained without additional treat-
ment whereas the other half were enrolled in a program with
anti-TNF antibodies (V1q) essentially as described [18] but
using 30 ul of V1q ascites three times per week. After two
and a half months both anti-TNF treated and non-treated
animals were sacrificed and one of the kidneys used for
histology and immohistochemistry, and the other for mRNA
studies. For similar purposes we also obtained the kidneys of
animals representing the parental strands, female NZW and
male C57BL/6-Bcl-2 and three month old (NZWx
B6)F1Tg(-)and (NZWxB6)F1Tg(+) maintained without
anti-CD4 treatment.

[0079] For other purposes, B6 mice were intraperitoneally
injected with 50 ug of lipopolysaccharides (LPS) obtained
from Salmonella minnesota (Sigma), which induces a dra-
matic increase in the serum levels of TNFq, resulting in the
development of endotoxic shock [19]. Either three or six
hours after LPS injection, mice were sacrificed and their
kidneys immediately extracted, frozen in dry ice, and used
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for RNA isolation. Non injected C57BL/6 mice were simi-
larly sacrificed and their kidneys obtained for use as con-
trols.

[0080] Immunochemical techniques. Immunihistochemi-
cal studies were performed on formalin-fixed, paraffin-
embedded mouse kidneys essentially as described [2,3],
using GPBP polyclonal antibodies [ 2] at 1:50 dilutions. Prior
to antibody detection, antigen retrieval was achieved heating
with autoclave (1.5 atmospheres for 3 minutes in 10 mM
sodium citrate buffer pH 6.0).

[0081] For some purposes the presence of anti-ssDNA
autoantibodies was determined in the sera of the mice using
an ELISA approach [17].

[0082] RESULTS

[0083] Structural characterization of the 5' region of
COLA4A3BP. To characterize the promoter region of
COLA4A3BP we first attempted to determine the transcrip-
tional start site by primer extension analysis. However, and
likely due to the high G+C content at the 5'-end untranslat-
able region (UTR)[2], we obtained premature stops during
reverse transcription at positions 56, 61 or 68 of the cDNA
in n4' (GenBank accession no AF136450) (not shown). A
similar negative results were obtained when a 5-RACE
approach was used to identify mRNA species extending
beyond the 5' end of n4' (not shown). To overcome this
inconvenient, we isolated and characterized by partial nucle-
otide sequencing ~1.5 kb of genomic DNA located upstream
of the 5'-UTR of n4', and screened a cDNA human library to
identify clones containing additional 5'-UTR of GPBP not
present in n4'. We isolated and sequenced 1.3-kb Hela 4.1
((SEQ ID NO:2) GenBank accession no AF315601), which
did not overlap with n4' although contained sequence
present in the 1.5-kb DNA. Because Hel.a 4.1 did not
contain open readings of consideration in the six frames (not
shown), its cDNA likely represents either 5'-UTR of GPBP
not present in n4' or sequence corresponding to an UTR of
other gene mapping 5' of COL4A3BP. The first possibility
was abandoned since we failed to amplify by RT-PCR a
continuous cDNA fragment containing both HeLa 4.1 and
n4' sequences (not shown). As expected, however, we suc-
ceeded obtaining a DNA fragment of 955-bp ((SEQ ID
NO:3) GenBank accession no AF315603) when subjecting
human DNA to PCR using ON-GPBP-18m, a forward
primer derived from Hela 4.1, and ON-GPBP-6c¢, a reverse
primer derived from n4' (FIG. 1), thus supporting the second
possibility. To assign a gene for HelLa 4.1, we first search at
the data banks and we found not a gene to contain HelLa 4.1
cDNA sequence. However, when we included in the search
the 418-bp DNA connecting HelLa 4.1 and n4' sequences at
the human genome which is comprised in SEQ ID NO:3
(FIG. 1), we found that it contained inverted 159-bp of
5'-UTR present in the mRNA encoding for pol k (GenBank
accession no AF163570), a novel member of the growing
family of DNA polymerases that display ability to bypass
mismatches during DNA replication [5]. This suggested that
Hela 4.1 contained part of the 5 'UTR of pol  not present
in the mRNA molecular species previously characterized.
Therefore Hel.a 4.1 represented either an alternatively
spliced variant or an alternative transcriptional start site.
Using a RT-PCR approach we have not been able to identify
a mRNA species containing both HeL.a 4.1 and the 159-bp
exon sequence (not shown), suggesting that HelLa 4.1 likely
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represents an alternative transcription start site. Nevertheless
to assess that HeLa 4.1 indeed contains 5'-UTR of POLK we
have performed specific PCR on human muscle cDNA and
identified a molecular species containing both Hel.a 4.1 and
pol k coding sequence (GenBank accession no AF318313).
The resulting cDNA fragment, however, did not contain the
full HeLa 4.1 sequence and contained 142-bp of UTR not
present neither in Hel.a 4.1 neither in the original pol K
sequence reported [5], thus confirming the existence of at
least three mRNA species for pol k with different 5'-UTR
and suggesting that the 140-bp flanked by the most 5'-UTR
of the two genes (FIG. 1) (SEQ ID NO: 6 and SEQ ID
NO:7) (SEQ ID NO:33 and SEQ ID NO:34 show the
corresponding mouse 140 bp sequence) contains a bidirec-
tional promoter. Finally, we have used RNA-protection
assays to map the transcriptional start sites for each of the
genes. When radiolabeled RNA probes representing the
antisense strand of POLK or COL4A3BP between the Apal
and EcIXI sites (FIG. 1) were separately hybridized with
human RNA, one major fragment of 169 and 63 nucleotides
long was respectively protected from RNase digestion.
Minor fragments, one of 151 nucleotides for POLK and
several others for COL4A3BP were also protected (not
shown). However, from the comparison of DNA and cDNA
sequences the fragments expected to be protected by the
exon 1 were 159 and 55 nucleotides long respectively.
Therefore, these results would suggest the existence of two
major transcriptional start sites one for POLK and another
for COL4A3BP which extend the 5' end of the correspond-
ing mRNAs ten and eight nucleotides into the intergene
region with respect to the cDNA sequence previously
reported (FIG. 1). The significance of the additional pro-
tected fragments identified is uncertain as may represent
alternative transcriptional start sites, a common feature in
bidirectional promoters [20-22] or alternatively, and because
of the high content in G+C, lack of protection of the more
abundant fragments due to defective pairing caused by
secondary structures. Nevertheless these findings suggest
that the genomic region flanked by the two major transcrip-
tional start sites contains the structural requirements for
bidirectional transcription. In this respect the size, the pres-
ence of alternative transcriptional start sites, a Spl site, a
single TATA box and the high content in G+C are structural
features shared by other bidirectional promoters [20-22].

[0084] Chromosomal mapping of the human COL4A3BP
gene. By FISH analysis others have shown a single locus for
POLK at band 5g13 [5]. In similar studies and consistent
with the proposed head-to-head arrangement of COL4A3BP
and POLK, two independent overlapping DNA fragments of
COL4A3BP hybridized with a single locus mapping at
5q12-13. According to the last publicly available data on the
human genome sequence, both COL4A3BP and POLK map
to 5q13.3. In the last freeze of the sequence (http://genom-
e.ucsc.edu/goldenPath/apr2001Tracks.html)  there  still
remains a gap between both genes that is bridged with the
sequence reported here (SEQ ID NO:3) GenBank accession
no AF315603) (FIG. 1). Finally whereas this manuscript
was being completed a GenBank accession number
ABO036934 was released which contained the sequence
reported here thus confirming the head-to-head arrangement
we have proposed.

[0085] Characterization of the bidirectional transcription
unit for POLK and COL4A3BP. To investigate the presence
of a bidirectional promoter in the intergene region we cloned
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in p®GH each of the two orientations of a 772-bp DNA
fragment (SEQ ID NO: 4 and SEQ ID NO:5) encompassing
the region of interest (LpromPolk and LpromGPBP) and we
assessed their ability to drive heterologous gene expression
in NIH 3T3 cells (FIG. 2A). The 772-bp fragment efficiently
promoted heterologous gene expression in each orientation,
25-fold over control in the POLK direction for 21-fold in the
COLA4A3BP orientation. When we assessed the transcrip-
tional activity of the 140-bp DNA region (shaded sequence
in FIG. 1) containing the identified 5' transcriptional start
sites for each gene (SEQ ID NO:6 and SEQ ID NO:7)
(SpromPolk and SpromGPBP), we observed a reduction in
the activity that was more evident for COL4A3BP orienta-
tion than for POLK, a 45% reduction versus 18%, indicating
that although the 140-bp contains the core of the bidirec-
tional transcriptional unit and the structural requirements for
divergent transcription, in the flanking structural gene
regions there are regulatory elements that modulate both
gross activity and relative transcription rates in each orien-
tation. In this regard in the exon 1 of POLK there is a Spl
site (FIG. 1) that could account at least in part for the higher
transcriptional activity of the larger promoter constructs.

[0086] The contribution that the individual DNA elements
identified in the 140-bp DNA region had on the transcrip-
tional activity was assessed using promoter constructs in
which the Sp1 site or/and the TATA box were deleted (FIG.
2B). The removal of each of the two DNA elements had
consequences in the transcriptional activity of the promoter
although these were significantly different for each orienta-
tion. Thus Spl site deletion greatly impaired transcription in
the two orientations although this was more evident for
POLK transcription. In contrast TATA box deletion greatly
reduced transcription in COL4A3BP direction but had little
effect over POLK transcription. Finally, double deletions
were additive in the negative effects over transcription in
either orientation reaching values slightly above those
obtained with empty vector (7-12%). These results suggest
that the TATA box is mainly used for COL4A3BP expression
whereas Spl is the major element through which operates
the bidirectional expression.

[0087] The expression of the bidirectional unit in human
tissues The transcriptional activity of the bidirectional pro-
moter in human tissues was investigated by Northern blot
analysis . With the exception of brain and pancreas that
showed a relatively reduced expression of pol Kk, comparison
of mRNA levels among tissues revealed that the two genes
are expressed in a coordinated manner in normal human
tissues, whereas coordination appears to be disrupted during
cell transformation as comparison of mRNA levels in human
cancer cell lines showed that cells with a relative higher
expression of GPBP expressed relatively less pol k and vice
versa (not shown). In either case this suggests that pol K and
GPBP are likely partners in specific biological functions and
that the head-to-head arrangement of the corresponding
genes 1s the strategy to co-regulate their expression.

[0088] Sequence homology between POLK/COL4A3BP
and COL4A3/COL4A4 promoters. Several housekeeping
genes, including those encoding o chains of collagen type
IV, are transcribed from short, bidirectional, G+C rich
promoters containing Spl sites [22]. Six related genes
organized in three transcriptional units encode the human
oIV)chains (al/a2, 03/a4 and a5/a6) [23-25] which likely
have evolved from a primitive genetic unit the proto-cl/
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proto-a2 resulting from duplication and inversion of a
unique primitive gene with an unidirectional promoter [26-
29]. Consistent with this evolutionary model the structural
genes for al, a3 and a5 on one site and a2, a4 and a6 on
the other, are more closely related [26-29].

[0089] Because GPBP has been shown to bind and phos-
phorylate the a3(IV)NC 1 domain and a similar binding to
the homologous a1 and a5 NC1 domains has been found to
exist [3] we searched for sequence homology between the
140-bp of POLK/COL4A3BP containing the intergene
region and genomic regions expected to contain the core of
each transcriptional collagen IV unit (FIG. 3). The
COL4A3/COL4A4 junction (GenBank accession no
AF218541) contains regions conspicuously homologous to
each of the two orientations of the 140-bp yielding align-
ments with a high statistical significance (P<0.0001). One of
the alignments (SEQ ID NO: 10 (A3 orientation) and SEQ
ID NO:11 (A4 orientation) maps between the transcriptional
start site of COL4A3 and one of the two alternative tran-
scriptional start sites of COL4A4, whereas the other (SEQ
ID NO: 8 (A3 orientation) and SEQ ID NO:9 (A4 orienta-
tion) is at the first intron of COL4A3 upstream of the second
transcriptional start site for COL4A4. Similarly, each ori-
entation of the 140-bp was homologous to DNA regions in
the COL4A5/COL4A6 junction (GenBank accession no
D28116) with alignments also highly significant (FIG. 3).
One of the aligned regions (SEQ ID NO: 18 (A5 orientation)
and SEQ ID NO:19 (A6 orientation) maps in between the
two structural genes at the intergene region flanked by the
transcriptional start site for COL4A5 and one of the two
alternative transcription start sites for COL4A6, whereas the
other (SEQ ID NO:20 (A5 orientation) and SEQ ID NO:21
(A6 orientation) is located upstream of the second transcrip-
tion start site of COL4AG6. Finally, only one region (SEQ ID
NO:22 (Al orientation) and SEQ ID NO:23 (A2 orienta-
tion)of COL4A1/COL4A2 junction (GenBank accession no
M36963) aligned significantly with the orientation of the
140-bp expressing COL4A3BP (FIG. 3). Interestingly no
alternative transcription start sites for COL4A2 have been
reported. Although the values for Q and E(Q) in the align-
ment with COL4A1/COL4A2 compromises its biological
significance, the preferred alignment of the 140-bp at a
127-bp region between the two 5-UTR in COL4Al/
COL4A2, in a search of 2184-bp of COL4A1/COL4A2
nucleotides, suggests that the homology is of biological
significance.

[0090] Sequence homology between COL4AA3BP/POLK
and other bidirectional human promoters. The genomic
regions representing the intergene and flanking structural
genes of a number of bidirectional transcriptional units
others than collagen o(IV) (GenBank accession no X66401,
K01612, U00239, M96646, AJ250915 and Z68129) [30-37]
were similarly analyzed for sequence homologies with the
140-bp of POLK/COL4A3BP (FIG. 4). Four out of six
transcriptional units yielded statistically significant align-
ments at the intergene region where the corresponding core
promoter is expected to map. These were LMP2/TAP1;
MRP1/DHFR; HO3/HRS and HSP10/HSP60 respectively
encoding low molecular mass polypeptide 2 and transporter
associated with antigen processing 1; mismatch repair pro-
tein 1 and dihydrofolate reductase; histidyl-tRNA synthetase
homolog and histidyl-tRNA synthetase; and, mitochondrial
heat shock protein 10 and heat shock protein 60. The most
remarkable alignments were those resulting from the com-
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parison of the promoter sequence representing the orienta-
tion for COL4A3BP transcription with LMP2/TAP1 or
HSP10/HSP60 transcriptional units. In the first case, among
66061-bp containing five structural genes of the MHC class
I and the corresponding intergene regions the preferred
alignment was in the ~600-bp at the intergene region of
LMP2/TAP1 unit with a probability of 0.0002 that the
homology could be found by chance. In the second case, a
similar result was obtained when the search for sequence
homology was done over 16986-bp which contained the two
structural genes and ~550-bp of intergene region. Finally,
the promoter sequence representing the orientation for
POLK transcription aligned most significantly (P<0.0001)
with the MRPI1/DHFR junction region immediately
upstream (nucleotides 704-843) (SEQ ID NO:16 (MRP1
orientation) and SEQ ID NO:17 (DHFR orientation)) of the
first transcription start site for DHFR (nucleotide 844). It is
also of interest to mention the statistical significance of the
alignment between the ftranscription orientation for
COL4A3BP and POLK with the first exon of HO3 and
HSP60 (P<0.0001 and P=0.0013) respectively. In the case of
HO3 (SEQ ID NO: 24 (HO3 orientation) and SEQ ID NO:25
(HRS orientation)), the alignment maps upstream of an
alternative transcriptional start site for HRS (HRS'). Other
alignments were either marginally significant and/or
mapped at regions unlikely to contain a bidirectional pro-
moter e.g. COL4A3BP orientation alignment with IDHG-
TRAPD (FIG. 4).

[0091] These data demonstrate that the COL4A3BP/
POLK base pair promoter sequence, which was shown to
comprise a bi-directional promoter, contain sequences that
are significantly homologous to a number of other known
bi-directional promoters, and thus probably constitute regu-
latory elements shared in common by a family of bi-
directional promoters.

[0092] TNF induce the POLK/COL4A3BP and COL4A3/
COL4A4 promoters in transient gene expression assays.
GPBP is highly expressed in apoptotic blebs in tissues
undergoing autoimmune attack and is wvirtually not
expressed in transformed cell lines [3]. Consequently to
identify modulators of the transcriptional activity of POLK/
COLA4A3BP, a number of cytokines (TNFa, TNF( and
vIFN) with ability to cause cell death, with an anti-tumoral
potential and with a role in the immune defense but also in
autoimmune pathogenesis were used as inducers on cultured
NIH3T3 or Hel a cells transfected with the 140-bp promoter
constructs (SpromPolk and SpromGPBP). Whereas we
found no effect on the transcriptional activity of the con-
structs when inducing the cells with IFNy (20 ng/ml) or
when inducing HeLa cells with any of the three cytokines,
we found that either TNFa (10 ng/ml) or TNEP (50 ng/ml)
induced the two promoter constructs in NIH 3T3 cells (FIG.
5A), however, the induction from the 140-bp promoter was
more efficient in the COL4A3BP than in the POLK direc-
tion.

[0093] To date no functional characterization of the tran-
scriptional unit for COL4A3/COIL4A4 has been reported. To
explore the biological significance of sequence homology
between this bidirectional promoter and the promoter of
POLK/COL4A3BP (SEQ ID NOS: 6-7), we cloned each of
the two orientations of the COL4A3/COL4A4 homologous
regions (FIG. 3) (SEQ ID NOS:8-11) in p®GH vector and
assessed transcriptional activity in NIH3T3 cells in response
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to TNF (FIG. 5B). No transcriptional activity was observed
in the absence of TNF treatment for any of the four con-
structs indicating that differently to the POLK/COL4A3BP
promoter (FIG. 2) the two homologous regions in COL4A3/
COL4A4 do not show constitutive transcriptional activity in
NIH 3T3 cells. In contrast, when the cells were induced with
TNF the two DNA regions were able to drive reporter gene
expression although more efficiently for COL4A4 than for
COL4A3 direction. In fact the later was only appreciable
when assaying the promoter mapping at the intergene region
(nucleotides 849-990 of AF218541) (SEQ ID NO:10),
whereas the promoter mapping inside the COL4A3 (nucle-
otides 182-318 of AF218541) (SEQ ID NO:8) showed no
inducible activity in this direction. In order to further support
the bidirectional activity of the 849-990 region the entire
intergene region flanked by the two transcriptional start sites
(nucleotides 675-1045) (SEQ ID NOS:12-13) was similarly
cloned and assayed. As observed for the 849-990 constructs
these had not significant constitutive transcriptional activity
and showed a limited response to TNF in COL4A3 direction
that contrasted with the induction of the transcriptional
activity in the COL4A4 direction which resulted to be
significantly higher than when assaying the 849-990 con-
struct. These results suggest the existence of two indepen-
dent promoters in the DNA region that connects the 5' ends
of COL4A3 and COL4A4 which respond to TNF, one
bidirectional and another unidirectional. The low activity of
the bidirectional promoter in the COL4A3 direction may be
due to the existence of regulatory elements far apart from the
core or to the lack of specific transacting factors in NIH 3T3.
In any event these results suggest that the POLK/
COL4A3BP and the COL4A3/COL4A4 bi-directional pro-
moter are coordinately regulated by TNF, and verify the
biological significance of the homology found between the
POLK/COL4A3BP 140 base pair bidirectional promoter
fragment, and the homologous promoter fragments from the
COL4A3/COL4A4 promoter.

[0094] TNF induce dual homologous bidirectional pro-
moters other than COL4A3/COL4A4. The coordinated
regulation above could be understood as a part of a regula-
tory mechanism which depend of TNF in the context of the
previously identified biological partnership of GPBP and the
o chains of collagen IV [2, 3], however, no immediate
biological relation exists between pol k and GPBP, and
between GPBP and the products of the other bidirectional
units which have been identified by sequence homology. To
explore the scope of our findings we cloned and similarly
assayed the 140-bp homologous DNA fragment mapping at
the intergene region of LMP2/TAP1 (SEQ ID NO: 14
(LMP2 orientation) and SEQ ID NO:15 (TAP1 orientation)
and HSP10/HSP60 (SEQ ID NO: 26 (HSP10 orientation)
and SEQ ID NO:27 (HSP60 orientation), which represented
the statistically more significant homologies (FIG. 4). Tran-
sient gene expression assays carried in NIH 3T3 cells show
that whereas no transcriptional activity was found in any of
the two orientation of the LMP2/TAP1 fragment (nucle-
otides 24579-24718 of X66401) (SEQ ID NOS: 14-15) the
fragment of HSP10/HSP60 (nucleotides 3451-3590 of
AJ250915) (SEQ ID NOS: 26-27) displayed both constitu-
tive and inducible activity which was similar for each of the
two orientations (FIG. 5C). Previous studies have shown
that the LMP2/TAP1 unit responds to TNF and that the
major transcriptional start and regulatory sites for either the
two orientations in response to this cytokine mapped at the
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TAP1-proximal region (nucleotides 24757-24965 of
X66401) [35]. However in this study the ability of this
particular fragment to transcribe LMP2 in response to TNF
was not assayed and therefore no direct experimental evi-
dence was provided to rule out that the DNA region con-
taining the homologous 140-bp indeed does not contain TNF
responsive elements for LMP2 transcription, moreover,
when the site at the TAP1 -proximal region accounts only for
the 65% of the total induction in this direction.

[0095] Finally the transcriptional induction of the different
dual units in response to TNF was investigated in cultured
human hTERT-RPEL cells by determining mRNA levels
using a Real Time PCR approach (FIG. 6). Since these cells
are immortalized by over-expression of telomerase, they can
be considered as primary cells, and thus more physiologi-
cally relevant than established cell lines. We have deter-
mined that these cells produce o3(IV) and GPBP. Further-
more, they are derived from retina, and retinal basement
membrane contains abundant a3-04-a5 collagen [V chains,
and similarly to glomerular basement membrane it has been
shown to contain linear deposits of autoantibodies in Good-
pasture patients. In these cells TNF induced the transcription
of POLK and COL4A3BP however when we assessed the
level of expression of GPBP and GPBPA26, the two alter-
natively spliced products of COL4A3BP, we found that the
induction depended mainly of GPBP and little induction of
GPBPA26 was observed (not shown). The effects on the
transcriptional units for the o chains of collagen IV genes
varied, thus the promoter for the ubiquitous ol and o2
chains, which displayed the less significant homology, was
not inducible whereas the promoters for the a3-a6 chains
with a more restricted tissue distribution and displaying the
most significant alignments were induced to a similar extent
and in the two transcriptional directions. The studies on dual
units coding for proteins other than collagen IV « chains
revealed that LMP2/TAP1 unit responded to TNF although
the induction was only detected in the TAP1 direction
whereas no induction of the promoter for HSP10/HSP60
was detectable in these cells. Interestingly the rest of the
bidirectional units that the computer analysis showed to
contain 140-bp homologous regions also were inducible by
the cytokine including IDHG/TRAPD which homologous
region mapped ~1.5 kb 3' of the polyadenylation signal of
TRAPD. The coordinated expression of IDHG/TRAPD and
POLK/COL4A3BP was also evident when the expression in
different human tissues of GPBP and IDHy was compared
using standardized Northern blots (compare FIGS. 2 of Ref.
2 and Ref. 37).

[0096] All these data indicate that at least for the number
of genes we have reported the head-to-head arrangement is
a convergent evolution phenomenon to coordinate their
expression in response to TNF and that the 140-bp homolo-
gous modules contain responsive elements for the coordi-
nated expression. Finally, our findings indicate that TNF not
only induces the expression of COL4A3BP by increasing the
copy number of the corresponding mRNA molecular species
but also increases the relative expression of GPBP versus
GPBPA26, a phenomenon which we have previously shown
to be related with autoimmune pathogenesis [3].

[0097] Evidences for TNF increasing the relative expres-
sion of GPBP in vivo, a phenomenon critical for SLE
development in a lupus prone mouse model. The role of TNF
regulating GPBP/GPBPA26 ratio in the kidney was explored
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in B6 mice by inducing endogenous TNF production in
response to LPS (FIG. 7). At the time of injection the
GPBP/GPBPA26 values were below 1, however after three
hours of LPS injection the GPBP/GPBPA26 ratio reached
values of ~2 to finally return to near initial values after six
hours of LPS injection. Contrary to what we have found
when inducing h'TERT-RPEL1 cells the total copy number of
these mRNA species with respect to the copy number of
mRNA for GAPDH did not varied significantly (not shown),
thus indicating that the relative increase of GPBP at the three
hours was a consequence of a reduced expression levels of
GPBPA26.

[0098] To explore the role of TNF inducing the expression
of GPBP in an autoimmune response we first determined the
expression of GPBP and GPBPA26 in a recently reported
lupus prone model [15] which we have described here under
Material and Methods (FIG. 8A). In this model the genetic
background that predisposes female NZW to undergo SLE
is “activated” by transgenic over-expression of Bcl-2 in the
B cells compartment in the F1 generation which develops a
severe autoimmune GN that is evident at the third month of
life. We have previously reported that GPBP is poorly
expressed in the kidney of Balb/c mice and that glomerular
expression of GPBP was not detectable by standard immu-
nochemical techniques [3]. Consistently we have not
detected expression of GPBP in the glomerulus of the
C57BL/6 (B6) male which over-express Bel-2 transgene and
we have found that in these Kidneys the levels of mRNA for
GPBP were lower than for GPBPA26 (GPBP/GPBA26<«1).
In contrast, the kidney of a NZW female expressed GPBP to
a higher levels than GPBPA26 (GPBP/GPBPA26 values
between 1.6 and 3.0) and contained hyaline deposits in the
glomerulus which were detectable by standard immu-
nochemical techniques using GPBP-specific antibodies.
Finally, we found that in the (NZWxB6)F1 generation, and
with independence of Bcl-2 transgene (Tg) expression, the
GPBP/GPBPA26 values in the kidney were higher than in
NZW (GPBP/GPBPA26>3.0) and showed important varia-
tions between homologous animals (GPBP/GPBPA26 val-
ues ranged between 3.2 and 15.5). The relative increase of
GPBP however did not represent in any case (NZW or F1)
an absolute increase in the mRNA copy number of GPBP
which was always 5-15% of the mRNA copy number of
GAPDH but rather was caused by a decrease in the expres-
sion of GPBPA26 (not shown). Immunohistochemical stud-
ies showed that both (NZWxB6)F1Tg(+) as well as (NZWx
B6)F1Tg(-) did not express GPBP-containing hyaline
deposits at the glomerulus and only the (NZWxB6)F1Tg(+)
developed an autoimmune glonerulonephritis (not shown).

[0099] Treatment with anti-CD4 immediately after birth
(sce Material and Methods) had important consequences in
both mRNA expression and immunohistochemical pattern
of the (NZWxB6)F1Tg(+) (FIG. 8B). Thus the GPBP/
GPBPA26 ratio was substantially reduced with respect to
untreated animals and dropped to levels similar to those of
NZW and the expression of GPBP at the glomerulus as
estimated by immunohistochemistry was greatly reduced in
comparison with NZW. Finally, interruption of anti-CD4
treatment for two and a half months resulted in an increase
in the relative expression of GPBP in the kidney (GPBP/
GPBPD26>4.0) and in the restoration of specific GPBP
deposits at the glomerulus unless anti-TNF antibodies were
administered, in which case the ratio GPBP/GPBPA26
remained down and the presence of GPBP-conataining
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deposits at the glomerulus was not detectable by immuno-
histochemical techniques (FIG. 8B). Histological evaluation
of the kidneys revealed that as expected early treatment with
anti-CD4 prevented development of GN whereas interrup-
tion of this treatment resulted in a progressive restoration of
the GN unless the anti-TNF program was started in which
case the consequences were unequal, one mouse did not
developed GN whereas the other showed a more severe
nephritis.

[0100] To investigate the consequences that the immuno-
logical treatment had on the autoimmune response the levels
of anti-ssDNA autoantibodies in the sera (a standard and
very sensitive marker for autoimmunity) of six month old
(NZWxB6)F1Tg(-) or (NZW xB6)F1Tg(+) maintained
untreated, were compared with the levels of these autoan-
tibodies in (NZWxB6)F1Tg(+) treated with anti-CD4 for
three months and either untreated or treated with anti-TNF
for three additional months (FIG. 8C). As expected (NZWx
B6)F1Tg(-) showed levels of autoantibodies in the back-
ground range (0.1-0.5) whereas untreated (NZWx
B6)F1Tg(+) showed elevated titers of autoantibodies (1.0-
2.2 OD). Treatment of the (NZWxB6)F1Tg(+) for three
months with anti-CD4 and further maintained with anti-TNF
up to six months efficiently inhibited the autoimmune
response as estimated by the maintenance of autoantibodies
level at the background range. In contrast the (NZWx
B6)F1Tg(+) which were kept untreated for three months
after the anti-CD4 treatment displayed autoantibodies values
in between the untreated and the anti-TNF treated suggest-
ing that the autoimmune response starts as the T cell
population increases, unless anti-TNF is added, in which
case the autoimmune response remains silent.

[0101] From all these data we conclude that the autoim-
mune response in the lupus prone model studied is mediated
by TNF and operates through an elevated ratio of GPBP/
GPBPA26.

[0102] Molecular cloning of a 76-kDa alternatively
spliced variant of DNA polymerase k. Alternatively spliced
variants of pol Kk have been reported to exist in human and
mouse testis [5]. The presence in HelLa and in human striated
muscle of molecular species with different 5'-UTR (see
above) also indicated the presence of molecular species
representing alternatively spliced variants previously unrec-
ognized. We have use RT-PCR on total human RNA from
foreskin and we have cloned a previously unidentified
mRNA species for pol k. This novel mRNA species contain
a 672-residue open reading frame predicting pol K76, a
76-kDa pol k isoform (GenBank accession no AF315602)
(SEQ ID NO:31), which represents an alternatively exon
splicing variant that diverged with respect to the alterna-
tively spliced isoforms previously identified in that exon
skipping does not cause a reading frame shift but eliminates
the bulk of the sequence predicting two in tandem helix-
hairpin-helix domains and a coiled-coil motif characteristic
of the primary product (FIG. 9A).

[0103] To estimate the relative expression of this novel
molecular species in human tissues we performed specific
Real Time PCR on several cDNA libraries or reverse tran-
scriptase reactions from human tissues (FIG. 9B). Pol k76
resulted to be a minor form which was comparatively more
abundant in skin and in keratinocytes than in the rest of the
tissues studied. The relative higher expression in the kera-
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tinocytes of the skin, a cell with an ongoing apoptotic
program required for adequate maturation, prompted the
idea that pol K76 may be part of the cell machinery involved
in the apoptotic program in which GPBP has been proposed
to be involved in these cells [3]. We have investigated using
a yeast two hybrid system the existence of protein-protein
interactions between pol k/pol k76 and GPBP/GPBPA26
and we got no positive results (unpublished observations).
However, we demonstrated that pol K76 interacts with a
protein that also interacts with GPBP/GPBPA26 (not
shown). This data further suggests that GPBP and pol k76
are partners in specific apoptotic pathways relevant in kera-
tinocyte maturation and which become deregulated during
autoimmune pathogenesis. We have previously reported that
in the skin undergoing autoimmune attack there is a relative
increase in the expression of GPBP with respect to
GPBPA26 therefore resulting in increased values for the
GPBP/GPBPA26 ratio [3], and suggesting that during patho-
genesis changes in the exon splicing pattern of COL4A3BP
also occur. In order to assess if this condition applies for
POLK gene expression, affected skin from patients under-
going cutaneous lupus were individually RNA extracted and
the mRNA levels for pol K, pol k76, GPBP and GPBPA26
measured. We have found that in these patients elevated pol
K76/pol k ratios correlated with elevated ratios of GPBP/
GPBPA26 (FIG. 10).

[0104] DISCUSSION

[0105] In normal human tissues GPBP is expressed at a
lower level than GPBPA26, an alternatively spliced variant
devoid of 26-residues serine-rich motif which represents a
less active isoform of the protein kinase [3]. Although GPBP
and GPBPA26 are widely expressed in human tissues they
show a preferential expression in cells and tissue structures
which are the target of common autoimmune responses. [2,
3]. These isoforms represent two different strategies to
regulate the activity of a common catalytic domain, and
several lines of evidence indicate that homeostasis is
achieved by a balanced expression of each isoform, whereas
a breakage of the homeostasis caused by a relative increase
in GPBP expression results in autoimmune pathogenesis [3].

[0106] GPBP is expressed at very low levels in cancer
cells and is highly expressed in apoptotic blebs of differ-
enced keratinocytes at the periphery of normal epidermis
[3]. Keratinocytes from patients suffering from skin autoim-
mune processes show an increased sensitivity to UV-in-
duced apoptosis, and a premature apoptosis at the basal
keratinocytes has been reported to occur in these patients
[38-41]. Consistently, we have found GPBP to be expressed
in apoptotic bodies expanding from basal to peripheral strata
in epidermis undergoing an autoimmune attack [3]. Altered
autoantigens including phosphorylated wversions thereof
have been reported to be produced and released from these
apoptotic bodies [40]. All these suggest that GPBP is part of
an apoptotic-mediated strategy for desired cell removal that
generates aberrant counterparts of critical cell components
and operates illegitimately during autoimmune pathogenesis

[3].

[0107] Tt has been shown that dinB1 (pol IV) and the
eukaryotic counterpart pol K induces spontaneous mutation
on undamaged DNA[4, 6, 7], likely as a result of a high error
nucleotide incorporation rates and an efficient mismatch
extension [7]. The latter feature largely depends on the
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formation of a primer-template misalignment that
generates —1 frameshift products [4, 6].

[0108] The coordinated expression of COL4A3BP and
POLK demonstrated herein suggest that the products
encoded by these genes are partners in specific cell pro-
gram(s), and that pol k may represent a somatic mutation-
based strategy to generate structural diversity which in some
instances, such as in keratincocytes could be used to gen-
erate aberrant counterparts of critical cellular components as
part of an apoptotic strategy. The disruption of the coordi-
nated expression of the two genes during cell transformation
(see Northern blot results) and its maintenance at higher
levels in autoimmune affected tissues further supports the
implication pol k/K76 in apoptotic strategies relevant in
autoimmune pathogenesis. Finally, disruption of transcrip-
tional coordination of POLK and COL4A3BP may be
required in cancer to prevent cell death but also autoimmune
attack during tumor growth.

[0109] Alternative exon splicing of the pre-mRNA of pol
K serves to generate three different types of mRNA products.
Transcripts encoding truncated forms of the polymerase
contain divergent, shortened C-termini that are devoid of the
Zn clusters and bipartite nuclear localization signals [5], and
therefore are expected to play a regulatory role in the
expression or activity of the primary pol x product rather
than to represent an alternative replicating enzyme. Tran-
scripts with alternative 5'-UTR, essentially differing from
each other in the nucleotide sequence at the vicinity of the
translation start site, may represent mRNAs translated with
different efficiency or molecules with different stability.

[0110] Pol x76 is the first member of the UmuC/DinB
superfamily that contains the N-terminal nucleotidyl trans-
ferase domain, but lacks the helix-hairpin-helix motifs and
the predictable coiled-coil structure at the C-terminal con-
served domain. This isoform retains the Zn clusters for DNA
binding also existing in other family members devoid of
nucleotidyl transferase domain, but with demonstrated DNA
repair activity (Rab18 and Snm1) [5]. The helix-hairpin-
helix has been implicated in non-specific binding to DNA
and the coiled-coil structure could mediate protein-protein
interactions. The fact that pol K76 still harbors the critical
structural requirements for DNA polymerase, and also main-
tain those characteristic of the DNA repair related enzymes,
suggest that pol k76 may represent the version of pol Kto
generate aberrant counterparts of critical cell components in
the context of a common apoptotic-mediated strategy for a
desired cell removal, similarly to the proposed role for
GPBP versus GPBPA26 in keratinocyte apoptosis. [3]

[0111] Multiple sclerosis is an autoimmune disorder with
a complex mode of inheritance. A genome search has
suggested co-segregation of a locus for this disease with the
marker D5S815 [42]. Whereas this marker maps at positions
79000 Kbp and 81556 Kbp from the telomere according to
GeneMap  (http://www.ncbi.nlm.nih.gov/genome/guide),
POLK, and consequently COL4A3BP, maps to position
80300 Kbp. This, in addition to the other data presented
above and in WO 00/50607, suggests that the expression
products of the POLK and GPBP genes play a role in human
autoimmunity.

[0112] We show here that each orientation of a 140 base
pair fragment of the bi-directional promoter for POLK/
COL4A3BP is highly homologous to DNA regions at the
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gene junctions of a variety of bi-directional promoters. The
sequence homology found among different intergene regions
transcribing structurally unrelated genes, as well as the
TNF-induced coordinated expression of these genes, likely
reflect a strategy to link the expression of proteins that are
partners in complex biological programs. Furthermore, we
have shown that this 140 base pair fragment and homolo-
gous regions in other bi-directional units contain the struc-
tural requirements to initiate transcription and to respond to
TNF.

[0113] Anti-TNF based therapeutic approaches have been
shown to be effective in several autoimmune conditions
including rheumatoid arthritis and Crohn’s disease and is
presently at the stage of critical clinical trials [12, 43].
Anti-TNF based therapy has been shown also to have
important therapeutic effects on experimental allergic
encephalomyelitis (EAE), an animal model for multiple
sclerosis, however similar therapeutic approach in human
clinical trials resulted in clinical worsening [12]. In our case,
although the animals treated maintained the autoantibody
levels one developed a GN more aggressive than untreated
animals and mice in which anti-TNF treatment was extended
for one additional month showed more abundant histological
damage and very high GPBP/GPBPA26 ratios (not shown).

[0114] All the evidences above suggest that, in our model,
the anti-TNF treatment is likely operating over the autoim-
mune response, and is very effective at inhibiting autoanti-
body production. However likely because the cytokine is
expected to be high in the pathogenic cascade and is known
to be involved in various biological functions [12], anti-TNF
treatment appears to have limitations. The coordinated
expression of the multiple bi-directional promoters in
response to TNF and the coordinated elevation of the
GPBP/GPBPA26 and pol k76/pol K ratios in human cuta-
neous lupus suggest that bi-directional promoters are part-
ners in apoptotic programs which become upregulated dur-
ing autoimmune pathogenesis. Consequently, an
intervention at the transcriptional level over common trans-
acting factor(s) likely represent a way to achieve therapeutic
effects on the autoimmune response with less site effects
than anti-TNF based therapy. REFERENCES
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 102

<210> SEQ ID NO 1
<211> LENGTH: 2389

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gcaggaagat
tectettecet
tcgggtggcea
tggaagggta
cggeggegge
gcactcttcg
gcagctgagg
cagagctgga
gagcgctgcg
gtagttttga
tgcagaggat
cgatttgata
agacagcaat
teccagettge
gcaacatcca
gaaacattta
tgtgctgatg
gatgactttc
gaaaagttat
gcgataactt
ctaatggtta
agaagaacag
ggaggaccag
gctgttgaag

gtgagattac

ggcggcggta
tctttteect
gcgccgggeg
ggcttcattc
gcggegggeyg
cttcgccatce
gageggggge
actcgtcggg
gggtcctcag
aaaataatgc
ccatctgtcect
ttagtgtaaa
ggatagatgc
gtcgacatgg
cctcttcatt
gagacatctt
ctgtctctaa
ctacaacgcg
tteccacatgt
ttaaagcaac
aacgtgagga
aggaagcata
attatgaaga
ctgctecttga

attggcctac

gcggaggtgt
tttccttcece
caacgcaggg
accgctcgtc
gacttcgtece
ccccgaccct
cggteteetg
ctcggaggag
taagtggaca
tctgagttac
tagcaaggct
tgatagtgtt
cattgaacag
ctcaatggtg
caagaaaggc
atgtagacaa
ggatgaactt
ttctgatggt
gacaccaaaa
tactgctgga
cagctggcag
taaaaatgca
aggccctaac
cagacaagat

atccttgecce

gagtggacgc
tatttgaaat
gtcacggcga
ctcecttectce
ctecctectge
tcaccccgag
cteggttgte
gatccagaga
aactacattc
tacaaatctg
gtcatcacac
tggtatcttc
cacaagactg
tcecetggtgt
cacagtttac
gttgacacgce
caaagggata
gacttcttgc
ggaattaatg
atccttgcaa
aagagactgg
atgacagaac
agtctgatta
aaaatagaag

tctggagatg

gggactcagc
tggcatcgag
cggcggcggce
gctccgetcg
tcecececceac
gactgggcgce
gagcctccat
cggagtctgg
atgggtggca
aagatgaaac
ctcacgattt
gtgctcagga
aatctggata
ctggagcaag
gtgagaagtt
tacagaagta
aagtggtaga
atagtaccaa
gtatagactt
cactttctca
ataaggaaac
ttaagaaaaa
atgaagaaga
aacagtcaca

ccttttette

ggccggattt 60
ggggctaagt 120
ggctgacggc 180
gtgtcaggcyg 240

accggagcgg 300

ctcctececgge 360
gtcggataat 420
gccgectgtg 480
ggatcgttgg 540

agagtatggc 600

tgatgaatgt 660

tccagatcat 720
tggatctgaa 780
tggctactet 840
ggctgaaatg 900
ctttgatgee 960
agatgatgaa 1020

cggcaataaa 1080
taaaggggaa 1140
ttgtattgaa 1200
tgagaagaaa 1260
atcccacttt 1320
gttctttgat 1380
gagtgaaaag 1440

tgtggggaca 1500
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catagatttg tccaaaagec ctatagtege teottectcca tgtettecat tgatctagte 1560
agtgcctctg atgatgttca cagattcagc tcccaggttg aagagatggt gcagaaccac 1620
atgacttact cattacagga tgtaggcgga gatgccaatt ggcagttggt tgtagaagaa 1680
ggagaaatga aggtatacag aagagaagta gaagaaaatg ggattgttct ggatccttta 1740
aaagctaccc atgcagttaa aggcgtcaca ggacatgaag tctgcaatta tttctggaat 1800
gttgacgttc gcaatgactg ggaaacaact atagaaaact ttcatgtggt ggaaacatta 1860
gctgataatg caatcatcat ttatcaaaca cacaagaggg tgtggcctgc ttctcagcga 1920
gacgtattat atctttetgt cattcgaaag ataccagecet tgactgaaaa tgaccctgaa 1980
acttggatag tttgtaattt ttctgtggat catgacagtg ctcctctaaa caaccgatgt 2040
gtccgtgcca aaataaatgt tgctatgatt tgtcaaacct tggtaagccc accagaggga 2100
aaccaggaaa ttagcaggga caacattcta tgcaagatta catatgtagc taatgtgaac 2160
cctggaggat gggcaccagc ctcagtgtta agggcagtgg caaagcgaga gtatcctaaa 2220
tttctaaaac gttttacttc ttacgtccaa gaaaaaactg caggaaagcc tattttgttc 2280
tagtattaac aggtactaga agatatgttt tatctttttt taactttatt tgactaatat 2340
gactgtcaat actaaaattt agttgttgaa agtatttact atgtttttt 2389
<210> SEQ ID NO 2

<211> LENGTH: 1304

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gacgaaccct ccgggcttgc gggcccagac gtgagagagc tttccgctga agatgacggg 60
cctgctttcc agggcggett gtcgaaagcc cgggagcatc tggcegcttce cgcctcaacc 120
atgggctggg gttttgtgag ctactagtgc caagggtttt ctttccacca gaccaccget 180
gtaaatctcg agggtcttac tcattagaag ttagaattca catttgacgt ttaaaggaag 240
aatttcectta gtaccttete acaagcacge acttecgeatt tttagattte tagagtttge 300
tttgtagaaa gtaattttga ggttgtcaga gaataaatga cgttagaaag gtttttaaag 360
taaaacaaga atgtgagatg atagcctggg attttctctt ggttgtaaat gaatatctta 420
ctgagaacca cgttaaccat gcctgcccct caaagatagg aaaggttgga tatatagaaa 480

ctttctecgta ttagaaatac cgaagtgcag tggttttgtg tgtacaaggg attaggcaat 540

aggaggctat ttttgtttta agactagggt tgaattagca gaaagaccaa tagaagatct 600
aacaactctt gtcagttgtc aaggataact ttgattatga gactttgact ttgtagcttc 660
agtaatttcc tctcgttage tattttaata tagtcgattt ccttgtaatt gccaagagta 720
aaatttgtta ttaaacctta gaaagagtac tttcttacta caaggatggg acgataggag 780
cgaaattteqg agtctaaggg aaaacgetgg ccgagtgtgg tggetcacge ctgtgatccce 840

ggcacttcgg gaggccgagg tgggtggatc acctgaggcc gggagtttga gaccagcctg 900
ggcggcaggg tgggaccccg tctctactaa aaatacaaag attagccgag catggtggta 960
ggtgcctgta actccagctc tttatatcct ggtttcaaat ctaggcttga tgaccttctce 1020
ccatatccca gtatcatatt tttttcttce tgcatggggg attaattacg attctgaatg 1080

gttggtagca tgaagctagg ttatccctat cgtggcaatg gatatttaag taggcattgce 1140
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caatatttat cttgetttet tttactttet tetttttetg accatecaca ctecatttat 1200
attgatgagt tcttttacta atatcaatta ttattatatt atgctcatac tgccatgtct 1260
tattctgcag ctttgatcct taaggtgact ttgcatatct gtct 1304
<210> SEQ ID NO 3

<211> LENGTH: 955

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

ggcatggtta acgtggttct cagtaagata ttcatttaca accaagagaa aatcccaggce 60
tatcatctca cattcttgtt ttactttaaa aacctttcta acgtcattta ttctctgaca 120
acctcaaaat tactttctac aaagcaaact ctagaaatct aaaaatgcga agtgcgtgct 180
tgtgagaagg tactaaggaa attcttcctt taaacgtcaa atgtgaattc taacttctaa 240

tgagtaagac cctcgagatt tacagcggtg gtctggtgga aagaaaaccc ttggcactag 300

tagctcacaa aaccccagcc catggttgag gcocggaagcgg ccagatgcte ccgggettte 360
gacaagccgc cctggaaagc aggcccgtca tcttcagcgg aaagctctct cacgtctggg 420
cccgcaagec cggagggttc gtcataaaca cacaaggcaa ggatagaagc gaggccgagg 480
ggctggtcac gcaactgtca aacgaagccc acccaccgac tgacaaggcc ccaaggggac 540
aagcgatccc cgcgecgggat actcacccgt tacctcagga tcgcecgactac aactcccagg 600
aggctgcgcg agcgacggac caacgccctt cccagaatgc agcacagctg catccctacc 660
ccgccctcte ctttectcege tcctecctget tttctacccg tcgtcaccecg ggagagccgg 720

aggtagggtt cgggaggagg atcccgaagg ctcggcgtgt cgcgtcagac gccgggaggg 780
ggacggggcy gggagtagtg ggggagaatg ggaggacgaa ggggagggga aaggacaggy 840
gaggggaggy taaatagtgg gccaggcagg aagatggcgg cggtagcgga ggtgtgagtg 900
gacgcgggac tcagcggccg gattttotoct tcocccottettt tcoccettttee ttecece 955
<210> SEQ ID NO 4

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

tctagaaatc taaaaatgcg aagtgcgtgce ttgtgagaag gtactaagga aattcttcct 60
ttaaacgtca aatgtgaatt ctaacttcta atgagtaaga ccctcgagat ttacagcggt 120
ggtctggtgg aaagaaaacc cttggcacta gtagctcaca aaaccccagc ccatggttga 180
ggcggaagcg gccagatgct cccgggettt cgacaagccg ccctggaaag caggcccgtce 240
atcttcagcg gaaagctctc tcacgtctgg gcccgcaagc ccggagggtt cgtcataaac 300
acacaaggca aggatagaag cgaggccgag gggctggtca cgcaactgte aaacgaagec 360
cacccaccga ctgacaaggc cccaagggga caagcgatcc ccgcgcggga tactcacccg 420
ttacctcagg atcgcgacta caactcccag gaggctgcgc gagcgacgga ccaacgccct 480
tcccagaatg cagcacagct gcatccctac cccgcecctect cctttectecg ctecectecectge 540

ttttctaccc gtcgtcaccc gggagagccg gaggtagggt tcgggaggag gatcccgaag 600

gcteggegtg tcgegtcaga cgccgggagg gggacgggge ggggagtagt gggggagaat 660
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gggaggacga aggggagggg aaaggacagg ggaggggagg gtaaatagtg ggccaggcag
gaagatggcg gcggtagcgg aggtgtgagt ggacgcggga ctcagcggcc g

<210»> SEQ ID NO 5

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

cggccgctga gtcccgcgtc cactcacacc tccgctaccg ccgccatctt cctgcctgge
ccactattta ccctecccete cecetgtectt teccectecce ttegtectee cattcteccce
cactactccc cgccccgtcec ccctccecgge gtctgacgecg acacgccgag ccttcgggat
cctcctecceg aaccctacct ccggctectce cgggtgacga cgggtagaaa agcaggagga
gcggagaaag gagagggcgg ggtagggatg cagctgtgct gcattctggg aagggcgttg
gtccgteget cgcgcagect cctgggagtt gtagtcgcga tcctgaggta acgggtgagt
atceccgegeg gggatcgett gtcccettgg ggececttgtca gteggtgggt gggettegtt
tgacagttgc gtgaccagcc cctcggecctc gecttctatcc ttgccttgtg tgtttatgac
gaaccctceg ggcttgeggg cccagacgtg agagagcttt ccgctgaaga tgacgggect
gctttccagg gcggcttgtc gaaagcccgg gagcatctgg ccgcttccgce ctcaaccatg
ggctggggtt ttgtgageta ctagtgccaa gggttttctt tccaccagac caccgctgta
aatctcgagg gtcttactca ttagaagtta gaattcacat ttgacgttta aaggaagaat
ttccttagta ccttctcaca agcacgcact tcgcattttt agatttctag a

<210> SEQ ID NO 6

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

gggttcggga ggaggatcce gaaggctegg cgtgtcegegt cagacgeegg gagggggacy
gggcggggag tagtggggga gaatgggagg acgaagggga ggggaaagga caggggaggyg

gagggtaaat agtgggccag

<210> SEQ ID NO 7

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

ctggcccact atttaccctc ccctecceetg tectttecece tcccettegt ceoteccatte
tccceccacta cteccccgecce cgtccceccte cocggegtectg acgcgacacg ccgagcecttce
gggatcctec tcccgaaccce

<210> SEQ ID NO 8

<211> LENGTH: 137

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gggctagtgg cgaggctgag ggcttcacgc aggtcccgac aggcagcgag cggaagggag

720

771

60

120

180

540

600

660

720

60

120

60

120

60
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caagcgggga tgccceggaa caggtggaat gegegggget gggggaagag gegaggaggyg

ggcttgtcca gtgccta

<210> SEQ ID NO 9

<211> LENGTH: 137

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

taggcactgg acaagccccc tecctcgecte ttccceccagce cccgecgcatt ccacctgtte
cggggcatcc ccgcttgete ceottcegete getgecetgte gggacctgeg tgaagcccete
agcctcgcca ctagccc

<210> SEQ ID NO 10

<211> LENGTH: 142

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

tggccactecc ctccaccctg cgcagccacc tccccaccgc gcagccacct ccccaccgca
cacccccaaa cgccccacct ccgaccgcac cccacttcecce cgecctgggec cccggacctt
gggagcatca cctccttaac cc

<210> SEQ ID NO 11

<211> LENGTH: 142

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

gggttaagga ggtgatgctc ccaaggtccyg ggggcccagg cggggaagtg gggtgeggtce
ggaggtgggyg cgtttggggg tgtgcggtgg ggaggtgget gecgeggtggg gaggtggetg
cgcagggtgg agggagtggc ca

<210> SEQ ID NO 12

<211> LENGTH: 371

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

aagcggggcc tcccgcagac gccggcgcegce ctcccgttaa tctgggcagg gccecgectggeco
actccctcca ccectgegecag ccacctceccec accgcgcagce cacctcccocca ccgcacaccec
ccaaacgccc cacctccgac cgcaccccac ttcccecgect gggcccccgg accttgggag
catcacctcc ttaaccccett accctggatc cgcgcccacc tgcccctcag gcecgeccagec
ctttctcgecc tcctgggcac gatgcccggg tagaagggac actgcctggt aagttgggag
ggagggggta tgagggcggg acctgagcca cgtcttecet ccecttgaage cacaaccaaa
aagcctgggt g

<210> SEQ ID NO 13

<211> LENGTH: 371

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

120

137

60

120

137

60

120

142

60

120

60

180

240

300

360

371
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cacccagget ttttggttgt ggettcaagg gagggaagac gtggetcagg teccegeccte
ataccccctc cctcccaact taccaggcag tgtcccttct acccgggcat cgtgcccagg
aggcgagaaa gggctgggcg cctgaggggce aggtgggcge ggatccaggg taaggggtta
aggaggtgat gctcccaagg tccgggggcc caggcgggga agtggggtgc ggtcggaggt
ggggcgtttyg ggggtgtgcg gtggggaggt ggctgcgcgg tggggaggtg gctgcgcagyg
gtggagggag tggccagcgg ccctgcccag attaacggga ggcgcgccgg cgtetgeggg
aggccccgct t

<210> SEQ ID NO 14

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ctggtgccca attttctcca tcacgcacac ccttctcecgece toctceoctgee teceotgeottt
ccacttgcac cagttttccc accccagcct cagggcgggg ctgcctcecgtce acttgteteg
gggcagatct gccctacaca

<210> SEQ ID NO 15

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

tgtgtagggc agatctgccc cgagacaagt gacgaggcag ccccgccctg aggctggggt
gggaaaactg gtgcaagtgg aaaggcagga ggcagggaga ggcgagaagg gtgtgcgtga
tggagaaaat tgggcaccag

<210> SEQ ID NO 16

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16

gggctggggy ggcggggyctt gtgggtaagyg cgggcggagg cggggaccct ccgoccgatg
atagggctgg aggaggaagc ggcgggctga agaaggggaa ggtgggaaga gcccagccgg
ggctacaaat tgggtgaagc

<210> SEQ ID NO 17

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17

gcttcacceca atttgtagec cecggetggge tetteccace ttecccttet tecagecegeco
gcttcctecect ccagccctat catcgggcgg agggtccccg cctccecgcceccg ccttacccac
aagccccgee ccoccagece

<210> SEQ ID NO 18

<211> LENGTH: 140

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

60

120

240

300

360

60

140

60

120

140

60

120

140
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<400> SEQUENCE: 18
ggttgccggt gcagtctaaa actgtggcgg agtgatactc aaattccctt gtgctggtga

ggaggggggc cttgcacggqgg gaagagaggg aggaaagtag atctgtagga attgagtgaa

gaaaaagttt gcaagtctgg

<210> SEQ ID NO 19

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

ccagacttgc aaactttttc ttcactcaat tcctacagat ctactttcct ccctctecttce
cccgtgcaag gcccccctce tcaccagcac aagggaattt gagtatcact ccgccacagt
tttagactgc accggcaacc

<210> SEQ ID NO 20

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

cggggctgtc tgctgtcaat catcccccct accttgggca gccggtagtc tttctcactt
tcaggcacct ttccacacaa cagccctaag tatctccaca gecttcacaca cagcccctta
gagacctata cgctaagacc

<210> SEQ ID NO 21

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

ggtcttagcg tataggtctc taaggggctg tgtgtgaagc tgtggagata cttagggctg
ttgtgtggaa aggtgcctga aagtgagaaa gactaccggc tgcccaaggt aggggggatg
attgacagca gacagccccg

<210> SEQ ID NO 22

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

cggagccctg gtgtcccgge gcactgcagc cacactcccg ggccgcgcgce tcccgccgec
tcttaccege geccgcagggt ccetcecettt gaggcgeccge ccgcgcaccg ccgggcggga
gggggcagcg ccaacaaatt

<210> SEQ ID NO 23

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

aatttgttgg cgctgcccecc tccecgceccgg cggtgcgecgg gcggcogcctc aaaggggagg

accctgegge gcgggtaaga ggcggcggga gcgcgceggcece cgggagtgtg getgcagtge

60

140

60

140

60

120

140

60

120

140

60

120

140

60

120
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gecgggacac cagggetecqg

<210> SEQ ID NO 24

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 24

gaggtgecgca aacgcccgag ttttccetgg tgcgcegggtt ccgcetttge agtgcccetec
acccttcctg gtgtctgacc cgcctccttec ccaggccttt tgttcctgtc ccggaaagcec
ggcgtecectge cgecgegatge

<210> SEQ ID NO 25

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 25

gcatcgecgeg gcaggacgcc ggctttccgg gacaggaaca aaaggcctgg gaaggaggceg
ggtcagacac caggaagggt ggagggcact gcaaaggcgg aacccgcgca ccagggaaaa
ctcgggegtt tgcgeacctce

<210> SEQ ID NO 26

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 26

cgcggcaccg cgtgtgcagg cagctcccac ccacttcccg tcagcccggg ccctgcaatc
tgcacaccct gcgcgcgagc cccgccccte cctacccgeg cagggtgtge tagcgegctce
agccctectec ggeccggcetta

<210> SEQ ID NO 27

<211> LENGTH: 140

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

taagccggec ggagagggct gagcgcgcta gcacaccctg cgcgggtagg gaggggcggg
gctegegege agggtgtgca gattgcaggg cccgggctga cgggaagtgg gtgggagetg
cctgcacacg cggtgcecgcg

<210> SEQ ID NO 28

<211> LENGTH: 138

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 28

cggaactcca ggttgtcgcc gcccgcaccce tccagctgga ccgcagagga ggaaggccca
ctecgggggte gcaggagecg gggggaggtyg gtgegggaag gocgogtacce tgcggggcgy
cggcaaggcg tgcgctcg

<210> SEQ ID NO 29
<211> LENGTH: 138

140

60

140

60

140

60

120

140

60

120

60

120
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

cgagcgcacg ccttgccgcc gccccgcagg tacgcggcct tcccgcacca cctccccccg

gctcctgecga cccccgagtg ggcecctteccte ctcectgecggte cagctggagg gtgcgggcgg

cgacaacctg gagttccg

<210> SEQ ID NO 30

<211> LENGTH: 2026

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(2016)

<400> SEQUENCE: 30

atg gat agc aca aag gag aag
Met Asp Ser Thr Lys Glu Lys
1 5

ctt agg atg gga ctt aat gat
Leu Arg Met Gly Leu Asn Asp
20

aaa gag aaa att aac aaa att
Lys Glu Lys Ile Asn Lys Ile
35

ttt tat gga aat gag ctc aag
Phe Tyr Gly Asn Glu Leu Lys
50 55

gaa aat atg atg caa caa aaa
Glu Asn Met Met Gln Gln Lys
65 70

aaa gca caa tta cag gtt gac
Lys Ala Gln Leu Gln Val Asp

cga aat ttg agc aat acc ata
Arg Asn Leu Ser Asn Thr Ile
100

gca gct gta gaa atg agg gac
Ala Ala Val Glu Met Arg Asp
115

gct gta gga tca atg agt atg
Ala Val Gly Ser Met Ser Met
130 135

aga ttt ggt gtt cgt gca gcc
Arg Phe Gly Val Arg Ala Ala
145 150

tgc cca caa ctt ata ata gtg
Cys Pro Gln Leu Ile Ile Val
165

gtg agt aaa gag gtt aag gaa
Val Ser Lys Glu Val Lys Glu
180

atg gcc atg agt ctt gat gaa
Met Ala Met Ser Leu Asp Glu
195

gaa gaa aga caa aat tgg cct
Glu Glu Arg Gln Asn Trp Pro

tgt
Cys

aat
Asn

ata
Ile

aaa
Lys

gct
Ala

aga
Arg

gtg
Val

aat
Asn
120

ctg
Leu

atg
Met

cce
Pro

ata
Ile

gcc
Ala
200

gag
Glu

gac
Asp

aaa
Lys
25

atg
Met

gaa
Glu

caa
Gln

ttt
Phe

cac
His
105

cca
Pro

tect
Ser

cca
Pro

cce
Pro

ctt
Leu
185

tac

Tyr

gat
Asp

agt
Ser
10

gca
Ala

gaa
Glu

aag
Lys

atc
Ile

gca
Ala

att
Ile

gaa
Glu

act
Thr

gga
Gly

aac
Asn
170

gct
Ala

ttg
Leu

aaa
Lys

tac
Tyr

gga
Gly

gcc
Ala

caa
Gln

acc
Thr
75

atg
Met

gac
Asp

ttg
Leu

tca
Ser

ttt
Phe
155

ttt
Phe

gat
Asp

aat
Asn

aga
Arg

aaa
Lys

atg
Met

acg
Thr

gtc
Val
60

agc
Ser

gaa
Glu

atg
Met

aag
Lys

aat
Asn
140

att

Ile

gac
Asp

tat
Tyr

ata
Ile

agg
Arg

gat
Asp

gaa
Glu

aag
Lys
45

aac
Asn

caa
Gln

tta
Leu

gat
Asp

gat
Asp
125

tac
Tyr

gct
Ala

aaa
Lys

gat
Asp

aca
Thr
205

tat
Tyr

gat
Asp

g9a
Gly
30

999
Gly

caa
Gln

cag
Gln

gaa
Glu

gct
Ala
110

aaa
Lys

cat
His

aag
Lys

tac
Tyr

ccc
Pro
190

aag

Lys

ttc
Phe

ctt
Leu
15

tta
Leu

tce
Ser

cga
Arg

cta
Leu

caa
Gln

tte
Phe

cce
Pro

gca
Ala

agg
Arg

cga
Arg
175

aat
Asn

cac
His

atc
Ile

ctg
Leu

gat
Asp

aga
Arg

att
Ile

aga
Arg
80

agc
Ser

tat
Tyr

att
Ile

agg
Arg

ctg
Leu
160

gct
Ala

ttt
Phe

tta
Leu

aaa
Lys

60

120

138

48

96

192

240

288

384

432

528

624

672
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210 215 220
atg gga agc tct gta gaa aat gat aat cca gga aag gaa gtt aat aaa 720
Met Gly Ser Ser Val Glu Asn Asp Asn Pro Gly Lys Glu Val Asn Lys
225 230 235 240
ctg agt gag cat gaa cga tcc atc tct cca cta ctt ttt gaa gag agt 768
Leu Ser Glu His Glu Arg Ser Ile Ser Pro Leu Leu Phe Glu Glu Ser
245 250 255
cct tct gat gtg cag ccc cca gga gat cct ttc caa gtg aac ttt gaa 816
Pro Ser Asp Val Gln Pro Pro Gly Asp Pro Phe Gln Val Asn Phe Glu
260 265 270
gaa caa aac aat cct caa ata ctc caa aac tca gtt gtt ttt gga aca 864
Glu Gln Asn Asn Pro Gln Ile Leu Gln Asn Ser Val Val Phe Gly Thr
275 280 285
tca gcc cag gaa gtg gta aag gaa att cgt ttc aga att gag cag aaa 912
Ser Ala Gln Glu Val Val Lys Glu Ile Arg Phe Arg Ile Glu Gln Lys
290 295 300
aca aca ctg aca gcc agt gca ggt gtt cgg ata tct agt ttt ccc aat 960
Thr Thr Leu Thr Ala Ser Ala Gly Val Arg Ile Ser Ser Phe Pro Asn
305 310 315 320
gaa gag gac agg aaa cac caa caa agg agc att att gge ttt tta cag 1008
Glu Glu Asp Arg Lys His Gln Gln Arg Ser Ile Ile Gly Phe Leu Gln
325 330 335
gct gga aac caa gcc ctg tca gcocc act gag tgt aca tta gag aaa act 1056
Ala Gly Asn Gln Ala Leu Ser Ala Thr Glu Cys Thr Leu Glu Lys Thr
340 345 350
gac aaa gat aag ttt gta aaa cct cta gaa atg tct cat aag aag agt 1104
Asp Lys Asp Lys Phe Val Lys Pro Leu Glu Met Ser His Lys Lys Ser
355 360 365
ttc ttt gat aaa aaa cga tca gaa agg aaa tgg agt cac caa gat aca 1152
Phe Phe Asp Lys Lys Arg Ser Glu Arg Lys Trp Ser His Gln Asp Thr
370 375 380
ttt aaa tgt gaa gcc gtg aat aaa caa agt ttc cag aca tca caa cca 1200
Phe Lys Cys Glu Ala Val Asn Lys Gln Ser Phe Gln Thr Ser Gln Pro
385 390 395 400
ttc caa gtt tta aag aag aag atg aat gag aat ttg gaa ata tca gag 1248
Phe Gln Val Leu Lys Lys Lys Met Asn Glu Asn Leu Glu Ile Ser Glu
405 410 415
aat tca gat gac tgt cag ata ctt acc tgt cct gtt tgc ttt agg gect 1296
Asn Ser Asp Asp Cys Gln Ile Leu Thr Cys Pro Val Cys Phe Arg Ala
420 425 430
caa ggg tgc atc agt ctg gaa gcc ttg aat aaa cat gta gat gaa tgt 1344
Gln Gly Cys Ile Ser Leu Glu Ala Leu Asn Lys His Val Asp Glu Cys
435 440 445
ctt gat gga cct tca atc agt gaa aac ttt aaa atg ttc tcg tgt tca 1392
Leu Asp Gly Pro Ser Ile Ser Glu Asn Phe Lys Met Phe Ser Cys Ser
450 455 460
cat gtt tct get acc aaa gtt aac aag aaa gaa aat gtt cct gct tct 1440
His Val Ser Ala Thr Lys Val Asn Lys Lys Glu Asn Val Pro Ala Ser
465 470 475 480
tca ctt tgt gag aag caa gat tat gaa gcc cat cca aaa att aaa gaa 1488
Ser Leu Cys Glu Lys Gln Asp Tyr Glu Ala His Pro Lys Ile Lys Glu
485 490 495
ata tct tca gta gat tgt ata gct tta gta gat act ata gat aac tca 1536
Ile Ser Ser Val Asp Cys Ile Ala Leu Val Asp Thr Ile Asp Asn Ser
500 505 510
tct aaa gca gaa agc ata gat gct tta agt aat aag cat agc aag gaa 1584

Ser Lys Ala Glu Ser Ile Asp Ala Leu Ser Asn Lys His Ser Lys Glu
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515 520 525
gaa tgt tct agt ctc cca agc aag tct ttt aat att gaa cac tgt cat 1632
Glu Cys Ser Ser Leu Pro Ser Lys Ser Phe Asn Ile Glu His Cys His
530 535 540
cag aat tct tct tct act gtt tca ttg gaa aac gaa gat gtt gga tca 1680
Gln Asn Ser Ser Ser Thr Val Ser Leu Glu Asn Glu Asp Val Gly Ser
545 550 555 560
ttt aga caa gaa tac cgc cag cct tac tta tgt gaa gtg aaa aca ggc 1728
Phe Arg Gln Glu Tyr Arg Gln Pro Tyr Leu Cys Glu Val Lys Thr Gly
565 570 575
caa gct cta gtt tgt cct gtt tgt aac gta gaa caa aag act tca gat 1776
Gln Ala Leu Val Cys Pro Val Cys Asn Val Glu Gln Lys Thr Ser Asp
580 585 590
cta acc ctg ttc aat gtg cat gtg gat gtt tgc tta aat aaa agt ttt 1824
Leu Thr Leu Phe Asn Val His Val Asp Val Cys Leu Asn Lys Ser Phe
595 600 605
atc caa gaa tta aga aag gat aaa ttt aac cca gtt aat caa ccc aaa 1872
Ile Gln Glu Leu Arg Lys Asp Lys Phe Asn Pro Val Asn Gln Pro Lys
610 615 620
gaa age tce aga agt act ggt age tca agt gga gta cag aag gct gta 1920
Glu Ser Ser Arg Ser Thr Gly Ser Ser Ser Gly Val Gln Lys Ala Val
625 630 635 640
aca aga aca aaa agg cca gga ttg atg aca aag tac tca aca tca aag 1968
Thr Arg Thr Lys Arg Pro Gly Leu Met Thr Lys Tyr Ser Thr Ser Lys
645 650 655
aaa ata aaa cca aac aat ccc aaa cat acc ctt gat ata ttt ttt aag 2016
Lys Ile Lys Pro Asn Asn Pro Lys His Thr Leu Asp Ile Phe Phe Lys
660 665 670
taagtcgacc 2026

<210> SEQ ID NO 31

<211> LENGTH: 672

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 31

Met Asp Ser Thr Lys Glu Lys Cys Asp Ser Tyr Lys Asp Asp Leu Leu
1 5 10 15

Leu Arg Met Gly Leu Asn Asp Asn Lys Ala Gly Met Glu Gly Leu Asp
20 25 30

Lys Glu Lys Ile Asn Lys Ile Ile Met Glu Ala Thr Lys Gly Ser Arg
35 40 45

Phe Tyr Gly Asn Glu Leu Lys Lys Glu Lys Gln Val Asn Gln Arg Ile
50 55 60

Glu Asn Met Met Gln Gln Lys Ala Gln Ile Thr Ser Gln Gln Leu Arg
65 70 75 80

Lys Ala Gln Leu Gln Val Asp Arg Phe Ala Met Glu Leu Glu Gln Ser
Arg Asn Leu Ser Asn Thr Ile Val His Ile Asp Met Asp Ala Phe Tyr
100 105 110

Ala Ala Val Glu Met Arg Asp Asn Pro Glu Leu Lys Asp Lys Pro Ile
115 120 125

Ala Val Gly Ser Met Ser Met Leu Ser Thr Ser Asn Tyr His Ala Arg
130 135 140

Arg Phe Gly Val Arg Ala Ala Met Pro Gly Phe Ile Ala Lys Arg Leu
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145 150 155 160

Cys Pro Gln Leu Ile Ile Val Pro Pro Asn Phe Asp Lys Tyr Arg Ala
165 170 175

Val Ser Lys Glu Val Lys Glu Ile Leu Ala Asp Tyr Asp Pro Asn Phe
180 185 190

Met Ala Met Ser Leu Asp Glu Ala Tyr Leu Asn Ile Thr Lys His Leu
195 200 205

Glu Glu Arg Gln Asn Trp Pro Glu Asp Lys Arg Arg Tyr Phe Ile Lys
210 215 220

Met Gly Ser Ser Val Glu Asn Asp Asn Pro Gly Lys Glu Val Asn Lys
225 230 235 240

Leu Ser Glu His Glu Arg Ser Ile Ser Pro Leu Leu Phe Glu Glu Ser
245 250 255

Pro Ser Asp Val Gln Pro Pro Gly Asp Pro Phe Gln Val Asn Phe Glu
260 265 270

Glu Gln Asn Asn Pro Gln Ile Leu Gln Asn Ser Val Val Phe Gly Thr
275 280 285

Ser Ala Gln Glu Val Val Lys Glu Ile Arg Phe Arg Ile Glu Gln Lys
290 295 300

Thr Thr Leu Thr Ala Ser Ala Gly Val Arg Ile Ser Ser Phe Pro Asn
305 310 315 320

Glu Glu Asp Arg Lys His Gln Gln Arg Ser Ile Ile Gly Phe Leu Gln
325 330 335

Ala Gly Asn Gln Ala Leu Ser Ala Thr Glu Cys Thr Leu Glu Lys Thr
340 345 350

Asp Lys Asp Lys Phe Val Lys Pro Leu Glu Met Ser His Lys Lys Ser
355 360 365

Phe Phe Asp Lys Lys Arg Ser Glu Arg Lys Trp Ser His Gln Asp Thr
370 375 380

Phe Lys Cys Glu Ala Val Asn Lys Gln Ser Phe Gln Thr Ser Gln Pro
385 390 395 400

Phe Gln Val Leu Lys Lys Lys Met Asn Glu Asn Leu Glu Ile Ser Glu
405 410 415

Asn Ser Asp Asp Cys Gln Ile Leu Thr Cys Pro Val Cys Phe Arg Ala
420 425 430

Gln Gly Cys Ile Ser Leu Glu Ala Leu Asn Lys His Val Asp Glu Cys
435 440 445

Leu Asp Gly Pro Ser Ile Ser Glu Asn Phe Lys Met Phe Ser Cys Ser
450 455 460

His Val Ser Ala Thr Lys Val Asn Lys Lys Glu Asn Val Pro Ala Ser
465 470 475 480

Ser Leu Cys Glu Lys Gln Asp Tyr Glu Ala His Pro Lys Ile Lys Glu
485 490 495

Ile Ser Ser Val Asp Cys Ile Ala Leu Val Asp Thr Ile Asp Asn Ser
500 505 510

Ser Lys Ala Glu Ser Ile Asp Ala Leu Ser Asn Lys His Ser Lys Glu
515 520 525

Glu Cys Ser Ser Leu Pro Ser Lys Ser Phe Asn Ile Glu His Cys His
530 535 540

Gln Asn Ser Ser Ser Thr Val Ser Leu Glu Asn Glu Asp Val Gly Ser
545 550 555 560
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Phe Arg Gln Glu Tyr Arg Gln Pro Tyr Leu Cys Glu Val Lys Thr Gly
565 570 575

Gln Ala Leu Val Cys Pro Val Cys Asn Val Glu Gln Lys Thr Ser Asp
580 585 590

Leu Thr Leu Phe Asn Val His Val Asp Val Cys Leu Asn Lys Ser Phe
595 600 605

Ile Gln Glu Leu Arg Lys Asp Lys Phe Asn Pro Val Asn Gln Pro Lys
610 615 620

Glu Ser Ser Arg Ser Thr Gly Ser Ser Ser Gly Val Gln Lys Ala Val
625 630 635 640

Thr Arg Thr Lys Arg Pro Gly Leu Met Thr Lys Tyr Ser Thr Ser Lys
645 650 655

Lys Ile Lys Pro Asn Asn Pro Lys His Thr Leu Asp Ile Phe Phe Lys
660 665 670

<210> SEQ ID NO 32

<211> LENGTH: 1335

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

tgagagagct ttccgctgaa gatgacgggc ctgctttcca gggcggcttg tcgaaagccc 60
gggagcatct ggccgcttcc gecctcaacca tgggcetgggg ttttgtgage tactagtgec 120
aagggttttc tttccaccag accaccgctg taaatctcga gggtcttact cattagaagt 180
tagaattcac atttgacgtt taaaggaaga atttccttag taccttctca caagcacgca 240
cttcgcattt ttagatttct agagtttgct ttgtagaaag taattttgag gttgtcagag 300
aataaatgac gttagaaagg tttttaaagt aaaacaagaa tgtgagatga tagcctggga 360
ttttctcttg gttgtaaatg aatatcttac tgagaaccac gttaaccatg cctgcccctce 420
aaagatagga aaggttggat atatagaaac tttctcgtat tagaaatacc gaagtgcagt 480
ggttttgtgt gtacaaggga ttaggcaata ggaggctatt tttgttttaa gactagggtt 540
gaattagcag aaagaccaat agaagatcta acaactcttg tcagttgtca aggataactt 600
tgattatgag actttgactt tgtagcttca gtaatttcct ctcgttaget attttaatat 660
agtcgatttc cttgtaattg ccaagagtaa aatttgttat taaaccttag aaagagtact 720
ttcttactac aaggatggga cgataggagc gaaatttcga gtctaaggga aaacgctggce 780
cgagtgtggt ggctcacgcc tgtaatccca gcacttcggg aggccgaggt gggtggatca 840
cctgaggccg ggagtttgag accagcctgg gcaacaagat ttttcttcat ccctttactt 900
tgagtctgtg gatgtcattg catgtgatat gggtctcctg aagacagcat accattggat 960

tttgecttett tatccaagtt atcattctgt cttttaattg gggtgtgcat tcaagataag 1020
tttataccat ggatagcaca aaggagaagt gtgacagtta caaagatgat cttctgctta 1080
ggatgggact taatgataat aaagcaggaa tggaaggatt agataaagag aaaattaaca 1140
aaattataat ggaagccacg aaggggtcca gattttatgg aaatgagctc aagaaagaaa 1200
agcaagtcaa ccaacgaatt gaaaatatga tgcaacaaaa agctcaaatc accagccaac 1260
agctaagaaa agcacaatta caggttgaca gatttgcaat ggaattagaa caaagccgaa 1320

atttgagcaa tacca 1335
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<210>
<211>
<212>
<213>

<400>

SEQ ID NO 33

LENGTH: 105

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 33

gggagegteg cgagececgecg ggaggggece ggggeggggt ggagggagga tgggaggacy 60

gaggggaggg agctgagaga ggagggaggg taaatagtgg acccg 105

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 34

LENGTH: 105

TYPE: DNA

ORGANISM: Mus musculus

SEQUENCE: 34

cgggtccact atttaccctc cctcctctct cagctcccte cccteccgtceccec tcececcatccte 60

cctccaccec gecccecgggec cctccecggeg getcgegacg ctecce 105

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 35

LENGTH: 140

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 35

ccctgecttat atagatgacc ccctccccga gactctgaca gacccaggtc acaggcagtc 60

ctcacctgct cctgacaccc ccggccceccte agtgctgctc tctctagcca ccgagctgaa 120

gtactgagga gcccctacct 140

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 36

LENGTH: 140

TYPE: DNA

ORGANISM: Homo sapiens

SEQUENCE: 36

aggtaggggc tcctcagtac ttcagctcgg tggctagaga gagcagcact gaggggccgg 60

gggtgtcagg agcaggtgag gactgcctgt gacctgggtc tgtcagagtc tcggggaggg 120

ggtcatctat ataagcaggg 140

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 37

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP-6cC

SEQUENCE: 37

ctcgctegec cagggaagga aaagggaaaa gaaggda 37

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 38

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP-1l4c

SEQUENCE: 38
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ctgcctggec cactatttac c 21

<210> SEQ ID NO 39

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP-18m

<400> SEQUENCE: 39

ggcatggtta acgtggttct ¢ 21

<210> SEQ ID NO 40

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
XbaG/Bprolm

<400> SEQUENCE: 40

gactctagag ggttcegggag gaggatcccyg 30

<210> SEQ ID NO 41

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
XbaG/Bprolc

<400> SEQUENCE: 41

gactctagac tggcccacta tttaccctcc 30

<210> SEQ ID NO 42

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
SP1Del

<400> SEQUENCE: 42

cgccgggagg gggacgtagt gggggagaat 30

<210> SEQ ID NO 43

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
TATADel

<400> SEQUENCE: 43

caggggaggy gaggggtygg ccagtctaga 30

<210> SEQ ID NO 44

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DIN2c
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<400> SEQUENCE: 44
ggattattgc acttgcctte ac 22

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DIN5'm

SEQUENCE: 45

aaaggatcca tggatagcac aaaggag 27

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Segquence: Primer ON-
DIN-THc

SEQUENCE: 46

aaaaaagtcg acttacttaa aaaatatatc aagggt 36

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DINB1-R2

SEQUENCE: 47

tggtattget caaatttcgg ¢ 21

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP-39c

SEQUENCE: 48

tgagagagct tteccgetg 18

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Description of Artificial Segquence: Primer ON-
LMPTAP1m

SEQUENCE: 49

atgtctagat gtgtagggca gatctgccc 29

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 50

LENGTH: 29

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
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LMPTAPlc
<400> SEQUENCE: 50
atgtctagac tggtgcccaa ttttctcca 29

<210> SEQ ID NO 51

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HSPlm

<400> SEQUENCE: 51

atgtctagat aagccggccg gagagggct 29

<210> SEQ ID NO 52

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HSPlc

<400> SEQUENCE: 52

atgtctagac gcggcaccgc gtgtgcagg 29

<210> SEQ ID NO 53

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
SA3A4m

<400> SEQUENCE: 53

gactctagag ggttaaggag gtgatgctcc c 31

<210> SEQ ID NO 54

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
SA3Adc

<400> SEQUENCE: 54

gactctagat ggccactccc tccaccctge gc 32

<210> SEQ ID NO 55

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
INGA3A4m

<400> SEQUENCE: 55

gactctagac acccaggett tttggttgtg gc 32
<210> SEQ ID NO 56

<211> LENGTH: 31

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
INGA3Adc

<400> SEQUENCE: 56

gactctagaa agcggggcct cccgcagacg C 31

<210> SEQ ID NO 57

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
S2A3A4m

<400> SEQUENCE: 57

atgtctagat aggcactgga caagccccc 29

<210> SEQ ID NO 58

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Descripticon of Artificial Segquence: Primer ON-
S2A3Adc

<400> SEQUENCE: 58

atgtctagag ggctagtggc gaggctgag 29

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
IDH-F1

<400> SEQUENCE: 59

cacagagggc gagtacagca 20

<210> SEQ ID NO 60

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
IDH-R1

<400> SEQUENCE: 60

tgatcttcag gctctccacc a 21

<210> SEQ ID NO 61

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
TRAPD-F1

<400> SEQUENCE: 61

gggtccagaa catggctctc 20

<210> SEQ ID NO 62
<211> LENGTH: 20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
TRAPD-R1

<400> SEQUENCE: 62

acatcctgge ctegagtgac 20

<210> SEQ ID NO 63

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
LMP2-F2

<400> SEQUENCE: 63

gcagcatata agccaggcat g 21

<210> SEQ ID NO 64

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
LMP2-R2

<400> SEQUENCE: 64

tggccagagc aatagcgtct 20

<210> SEQ ID NO 65

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON=-
TAP1-F2

<400> SEQUENCE: 65

gccgectcac tgactggat 19

<210> SEQ ID NO 66

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
TAP1-R2

<400> SEQUENCE: 66

tcgagtgaag gtatcggctg a 21

<210> SEQ ID NO 67

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DHFR-F1

<400> SEQUENCE: 67

cctgtggagy aggaggtygyg 19
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<210> SEQ ID NO 68

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DHFR-R1

<400> SEQUENCE: 68

ccgattcttc cagtctacgg g 21

<210> SEQ ID NO 69

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
MSH3-F1

<400> SEQUENCE: 69

tgggtaaagg ttggaagcac a 21

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
MSH3-R1

<400> SEQUENCE: 70

aaaaggagag tgaaagcggc t 21

<210> SEQ ID NO 71

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HO3-F2

<400> SEQUENCE: 71

gagctgttgt ccctccget 19

<210> SEQ ID NO 72

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HO3-R2

<400> SEQUENCE: 72

ggccagataa cgagcaaagg 20

<210> SEQ ID NO 73

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HARS-F2

<400> SEQUENCE: 73

aggtggcgaa actcctgaaa ¢ 21
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<210> SEQ ID NO 74

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HARS-R2

<400> SEQUENCE: 74

tgctttcatc aggacccage 20

<210> SEQ ID NO 75

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Descripticon of Artificial Segquence: Primer ON-
HsplO0-F1

<400> SEQUENCE: 75

ggagggagta atggcaggac a 21

<210> SEQ ID NO 76

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
HsplO-R1

<400> SEQUENCE: 76

agcagcactc ctttcaacca a 21

<210> SEQ ID NO 77

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
Hsp60-F1

<400> SEQUENCE: 77

gcctttggtc ataatcgetg a 21

<210> SEQ ID NO 78

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
Hsp60-R1

<400> SEQUENCE: 78

tgccacaacc tgaagaccaa ¢ 21

<210> SEQ ID NO 79

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4Al-F1

<400> SEQUENCE: 79
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getotacgtyg caaggcaatg a 21

<210> SEQ ID NO 80

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4Al-R1

<400> SEQUENCE: 80

attgtgctga acttgcgcag 20

<210> SEQ ID NO 81

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A2-F1

<400> SEQUENCE: 81

gaaaagggtg acgtagggca 20

<210> SEQ ID NO 82

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A2-R1

<400> SEQUENCE: 82

ggtgtctgat ggaatccegt t 21

<210> SEQ ID NO 83

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GP-F1

<400> SEQUENCE: 83

ggagacagtg gatcacctgc a 21

<210> SEQ ID NO B84

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GP-R1

<400> SEQUENCE: 84

tgctgtggtt tgactgtgtc g 21

<210> SEQ ID NO 85

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON=-
COL4A4-F1
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<400> SEQUENCE: 85
cttgccttcc cgtatttage a 21

<210> SEQ ID NO 86

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A4-R1

<400> SEQUENCE: 86

ggatctgtceg tttctetggg ¢ 21

<210> SEQ ID NO 87

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A5-F1

<400> SEQUENCE: 87

catcgaatgt catgggaggg 20

<210> SEQ ID NO 88

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A5-R1

<400> SEQUENCE: 88

agttgccagc caaaagctgt a 21

<210> SEQ ID NO 89

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A6-F1

<400> SEQUENCE: 89

tttgggectag actaccggac a 21

<210> SEQ ID NO 90

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
COL4A6-R1

<400> SEQUENCE: 90

tctetatgga ccegagggcet 20

<210> SEQ ID NO 91

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP-F1

<400> SEQUENCE: 91

ctgaatccag cttgcgtceg 19

<210> SEQ ID NO 92

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Descripticon of Artificial Segquence: Primer ON-
GPBP-R1

<400> SEQUENCE: 92

gcagagtagc cacttgctcc 20

<210> SEQ ID NO 93

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DinB1-F3

<400> SEQUENCE: 93

gccccccaac tttgacaaat 20

<210> SEQ ID NO 24

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
DinB1-R3

<400> SEQUENCE: 94

gcttcatcaa gactcatgge ¢ 21

<210> SEQ ID NO 95

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Descripticon of Artificial Segquence: Primer ON-
hGAPDH-F1

<400> SEQUENCE: 95

gaaggtgaag gtcggagtc 19

<210> SEQ ID NO 96

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
hGAPDH-R1

<400> SEQUENCE: 96
gaagatggtg atgggatttc 20
<210> SEQ ID NO 97

<211> LENGTH: 22
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBP=-26-1F

<400> SEQUENCE: 97

gctgttgaag ctgctcttga ca 22

<210> SEQ ID NO 98

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
mGPBP-26-1R

<400> SEQUENCE: 98

ccatttecttc aaccttttgt acaa 24

<210> SEQ ID NO 99

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
GPBPe26-1R

<400> SEQUENCE: 99

cttgggaget gaatctgtga a 21

<210> SEQ ID NO 100

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
huDINB-76-F1

<400> SEQUENCE: 100

ccagtgcagg tgttcggata 20

<210> SEQ ID NO 101

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON-
huDINB-76-R1

<400> SEQUENCE: 101

tttccagecct gtaaaaagcc a 21

<210> SEQ ID NO 102

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Primer ON=-
hGPBP-26-1R

<400> SEQUENCE: 102

ccatctcttc aaccttttgg aca 23
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I claim:

1. An isolated nucleic acid consisting of a sequence that
encodes a polypeptide with the amino acid sequence of SEQ
ID NO:31.

2. The isolated nucleic acid of claim 1 wherein the nucleic
acid consists of the sequence in SEQ ID NO:30.

3. A recombinant expression vector comprising the iso-
lated nucleic acid sequence of claim 1.

4. Ahost cell transfected with the recombinant expression
vector of claim 3.

5. A isolated polypeptide, consisting of the amino acid
sequence of SEQ ID NO:31.

6. A method for detecting a polypeptide consisting of the
amino acid sequence of SEQ ID NO:31, comprising

a) providing a protein sample to be screened,;

b) contacting the protein sample to be screened with an
antibody that selectively recognizes the polypeptide
consisting of the amino acid sequence of SEQ ID
NO:31 under conditions that promote antibody-
polypeptide complex formation; and

¢) detecting the formation of an antibody-polypeptide
complexes, wherein the presence of the antibody-
polypeptide complexes indicates the presence of the
polypeptide consisting of the amino acid sequence of
SEQ ID NO:31.

7. The method of claim 6, wherein detecting comprises a
method selected from the group consisting of immunolocal-
ization, immunofluorescence analysis, Western blot analy-
sis, ELISAs, and nucleic acid expression library screening.

8. A method for detecting in a sample a nucleic sequence
consisting of the sequence of SEQ ID NO:30, comprising

a) contacting the sample with one or more oligonucle-
otides that can be used to generate polymerase chain
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reaction products that selectively identify the nucleic
acid sequence of SEQ ID NO:30;

b) carrying out a polymerase chain reaction to generate
the polymerase chain reaction products; and

¢) identifying the polymerase chain reaction products as
being specific for the nucleic acid sequence of SEQ ID
NO:30

9. The method of claim 8, wherein the detecting is carried
out by a method selected from the group consisting of
reverse transcription-polymerase chain reaction, and poly-
merase chain reaction.

10. A method for detecting an autoimmune condition in a
patient, comprising

a) providing a tissue or body fluid sample from the
patient;

b) providing a control tissue or body fluid sample in which
no autoimmune condition is present; and

¢) detecting an increase in pol K76 RNA expression in the
tissue or body fluid sample compared to the control
sample, wherein the increase indicates the presence of
an autoimmune condition.

11. A method for treating a patient with an autoimmune
disorder or cancer, comprising modifying the expression or
activity of pol k76 in the patient.

12. The method of claim 11 wherein modifying the
expression or activity of pol k76 in the patient comprises
administering a compound effective for inhibiting tumor
necrosis factor induction of POLK gene expression.
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