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The aim of this study was to develop a saturated
transcript map of the region encompassing the
HPCL1 locus to identify the susceptibility genes in-
volved in hereditary prostate cancer (OMIM 176807)
and hyperparathyroidism-jaw tumor syndrome
(OMIM 145001). We previously reported the gen-
eration of a 6-Mb BAC/PAC contig of the candidate
region and employed various strategies, such as da-
tabase searching, exon-trapping, direct cDNA
hybridization, and sample sequencing of BACs, to
identify all potential transcripts. These efforts led to
the identification and precise localization on the
BAC contig of 59 transcripts representing 22 known
genes and 37 potential transcripts represented by
ESTs and exon traps. Here we report the detailed
characterization of these ESTs into full-length tran-
script sequences, their expression pattern in various
tissues, their genomic organization, and their ho-
mology to known genes. We have also identified an
Alu insertion polymorphism in the intron of one of
the transcripts. Overall, data on 13 novel transcripts
and the human RGS8 gene (homologue of the rat
RGS8 gene) are presented in this paper. Ten of the 13
novel transcripts are expressed in prostate tissue
and represent positional candidates for HPC1.
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INTRODUCTION

Prostate cancer (OMIM 176807) is a complex disease
involving multiple susceptibility loci as evident from
genome-wide linkage scans performed over the past 4
years following the identification of the HPC1 locus by
our laboratory (Smith et al., 1996). Several loci, includ-
ing three on chromosome 1 designated HPC1 (1q24—
g31, Smith et al., 1996; Cooney et al., 1997; Neuhausen
et al., 1999), PcaP (1942, Berthon et al., 1998), and
CAPB (1p36, Gibbs et al., 1999), the HPCX locus on the
X chromosome (Xu et al., 1998), and one each on chro-
mosomes 2q, 12p, 15q, 16p, and 16q (Suarez et al.,
2000), and 2013 (Berry et al., 2000), have been impli-
cated to contain potential prostate cancer susceptibil-
ity genes. Recently Rebbeck et al. (2000) reported the
association between two common missense variants in
the HPC2/ELAC2 gene and prostate cancer risk. De-
spite extensive molecular studies, no gene has been
identified yet that would help elucidate the underlying
mechanisms responsible for hereditary prostate can-
cer. It is difficult to draw any conclusions about the
nature of the genetic defect involved in HPC1-associ-
ated prostate cancer cases based on existing cytoge-
netic data. There is no evidence of gross cytogenetic
rearrangements involving the HPC1 candidate region.
Furthermore, loss of heterozygosity studies at the
HPC1 locus have shown that the loss of wildtype allele,
which is a hallmark of classic tumor suppressor genes,
is very rare in both familial and sporadic cases of
prostate cancer (Latil et al., 1997; Dunsmuir et al.,
1998; Ahman et al., 2000). There are no reports of loss
at 19g24—qg31 by comparative genomic hybridization
(CGH) in sporadic prostate cancer cases (Visakorpi et
al., 1995; Sattler et al., 1999). However, there has been
one report of gain of 1q by CGH, suggesting the possi-
ble involvement of an oncogene (Cher et al., 1996).
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Our laboratory has focused on the identification of
the HPC1 gene using a positional cloning strategy. We
have developed a sequence-ready BAC/PAC contig cov-
ering 6 Mb of the HPC1candidate region, which served
as a template to identify and map 22 known genes and
37 potential transcripts (Carpten et al., 2000). Several
known genes and ESTs were identified from the hu-
man gene map and mapped to the contig at high reso-
lution. In addition, we used BAC and PAC clones as
templates to identify unmapped ESTs and potential
coding sequences by exon-trapping, shotgun sequenc-
ing, and direct screening of cDNA libraries. All ESTs
and exon traps representing potential transcripts were
characterized for their expression profiles using North-
ern blot analysis. We have extended several partial
cDNA sequences into near full-length clones through a
combination of gene-trapper (LTI) and RACE (Clon-
tech) techniques, in addition to assembly and editing of
EST sequences from GenBank. The characterization of
these potential transcripts will provide not only candi-
date genes for HPC1 but also HRPT2 (hyperparathy-
roidism—jaw tumor syndrome; OMIM 145001), which
has been mapped to the same chromosomal region (Teh
et al., 1996; Hobbs et al., 1999; Williamson et al., 1999).

MATERIALS AND METHODS

Transcript identification and mapping. Details of the clone-based
physical map and identification of transcripts are described else-
where (Carpten et al., 2000). Briefly, transcripts were identified by
database searches utilizing human gene maps (http://www.ncbi.nlm.
nih.gov/genemap/), exon-trapping of BAC clones representing the
minimal tiling path, sample sequencing of selected BAC clones fol-
lowed by computational analysis, and also direct hybridization of
high-density nylon filters arrayed with IMAGE cDNA clones (Re-
search Genetics) with radiolabeled BAC inserts. For details of these
methods, please refer to our earlier publication (Carpten et al., 2000).
All potential transcripts were precisely placed on the physical map
either by PCR (polymerase chain reaction) or by Southern blotting of
BAC clones followed by hybridization with inserts from available
cDNA clones.

Northern analysis. Northern blots with mRNA from multiple
human tissues including prostate (MTN4) were purchased from
Clontech. To determine the transcript size(s) and tissue distribution
pattern of potential transcripts, MTN4 blots were hybridized with
either gel-purified inserts from available IMAGE cDNA clones or
PCR products generated from cDNA libraries (Clontech). The latter
was used if no IMAGE clone was available or if available clones
contained a repeat element such as Alu or L1. The probes were
labeled with [**P]dCTP by random priming (Stratagene) following
the manufacturer’s directions. Hybridization was carried out at 42°C
overnight in Hybrisol 1 hybridization buffer (Intergen) followed by
stringent washing in 0.1%SDS, 0.1X SSC at 65°C. Autoradiography
was performed for the appropriate time period at —80°C with a
BioMax intensifying screen and film.

cDNA library screening by Gene Trapper. Longer cDNA clones for
potential transcripts were identified using the Gene Trapper cDNA
Positive Selection System (Life Technologies) following the manufac-
turer’s directions. Briefly, oligonucleotides designed from partial
cDNA sequences representing exon traps or ESTs were synthesized
and PAGE-purified (Lofstrand Labs). These oligonucleotides were
then biotinylated and hybridized to single-stranded DNA from adult
and fetal brain, liver, spleen, leukocytes, kidney, heart, lung, and
testis cDNA libraries. Hybrids were captured using paramagnetic
streptavidin beads, and double-stranded cDNA was reconstructed

SOOD ET AL.

using another gene-specific oligonucleotide downstream of that used
in the initial hybridization reaction. Positive clones were identified
by transformation of resulting double-stranded DNA into Esche-
richia coli, followed by PCR amplification of recombinant clones
using gene-specific primers.

Rapid amplification of cDNA ends (RACE). 5'-RACE was per-
formed using the Marathon-Ready RACE system (Clontech) accord-
ing to their specifications. Marathon-Ready cDNA libraries derived
from fetal and adult brain, prostate, testis, liver, leukocytes, and
spleen were used as templates for RACE reactions. Typically, three
antisense gene-specific primers were designed from the partial cDNA
sequence. Adaptor primer AP1 was used in the primary RACE reac-
tion with each of the two most 3’ primers. RACE reactions were
purified from unincorporated nucleotides and primers using the QIA-
quick PCR purification kit (Qiagen) and then used as template for
secondary RACE reactions using the AP2 adaptor primer and nested
gene-specific primers. Products were cloned using the TOPO TA
cloning kit (Invitrogen).

Clone characterization. All IMAGE clones, positive Gene-Trap-
per clones, and RACE clones were processed as follows: DNA was
extracted from a 3-to 5-ml overnight bacterial culture using the
Wizard Plus Minipreps DNA Purification System (Promega). Clones
were sequenced using primers from both ends of the vector followed
by walking primers designed from the initial sequence data. DNA
sequencing reactions were performed using ~0.5 ug DNA per reac-
tion and the PE Biosystems FS+ and Big Dye Terminator chemistry
(Robbins et al., 1996) and were analyzed on a PE Biosystems 377 XL
DNA Sequencer.

Computer analysis. Sequences were assembled into contigs and
analyzed for open reading frames using Sequencher, v3.1 (Gene
Codes). When available (ftp//:genome.wustl.edu/pub/gsc/est/), trace
data for ESTs were incorporated and manually edited to remove
base-calling errors. Sequence homology to previously characterized
DNA and protein sequences in the nr and dbEST sections of Gen-
Bank was determined using the BLAST algorithm (Altschul et al.,
1990) accessible from the NCBI home page (http://www.ncbi.nlm.nih.
gov/). A reiterative process of assembly and BLAST searches allowed
extension of many ESTs well beyond the ends of Unigene clusters.
We have submitted the sequences of all characterized transcripts to
GenBank, and the accession numbers are provided for further refer-
ence (Table 2). Protein sequences predicted from the cDNAs were
analyzed for motifs using Interpro (http://www.ebi.ac.uk/interpro/).

RESULTS

We used a combination of exon-trapping, cDNA li-
brary screening with BAC inserts, and shotgun sample
sequencing in addition to the information available in
the public databases, particularly the human gene
maps (Deloukas et al., 1998), to identify transcribed
sequences from the region encompassing the HPC1
locus at 1g25. These efforts identified 22 known genes
and 37 ESTs that were localized to the 6-Mb BAC/PAC
contig (Carpten et al., 2000). Further characterization
of the ESTs was performed as follows: Unigene clusters
were used to assemble maximum available sequence
information, and IMAGE clones for the largest avail-
able clone in each cluster were purchased (Research
Genetics) and sequenced to verify the clone and to
obtain the sequence of the entire insert. The sequences
were searched for a putative polyadenylation signal
(AATAAA or with minor variation as described by
Beaudoing et al., 2000) and database homologies to any
known genes or domains indicative of potential coding
sequence. Since our tissue of interest has been pros-
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TABLE 1

Sequence Features of ESTs Not Expressed in Tissues on MTN4 Blot

Name Accession No. Unigene Cluster ID Sequenced length (bp) Poly(A) signal Characteristics of available sequence
AA757084 AA757084 None 486 Yes Single EST, no other hits
(AGTAAA)
el0 T97314 Hs. 18033 1300 in 3 fragments Yes Single EST
e7 AF075081 Hs. 36300 589 No No ORF
AA431804 AA431804 None 546 5" end Overlaps with a mouse EST
sequenced
e9 T79647 None 513 No Single EST, no other hits
e4 R48958 Hs. 221535 940 in 2 fragments No No ORF
el3 H92337 None 434 No Single EST, repeat sequence
ge27 AA657406 None 439 No Identified by an exon trap, intronic
sequence on both sides of the exon
e5 M78545 None 276 5" end Single EST, no other hits
sequenced
AAT744170 AAT744170 None 305 No Single EST, no other hits
1C-145842 R79368 Hs. 144508 930 Yes 5’ end contains Alu sequence May
represent alternate 3’ end of PLA2
1C-123336 R00375 None 710 No Repeat sequence
7239494 239494 Hs. 65765 316 No No other hits
M78285 M78285 None 442 Yes Single EST, no other hits
M78354 M78354 None 352 Yes Single EST, no other hits

tate, we hybridized inserts from these clones to MTN4
Northern blots (Clontech) to determine both the size
and the tissue-specificity of the expected transcripts.
ESTs were prioritized for further characterization
based on a positive signal on the Northern blots and
the presence of a polyadenylation signal, indicative of
the ESTs representing authentic cDNAs.

Of the 37 candidate ESTs, 15 failed to meet our
criteria and were not characterized further (Table 1).
Apart from background signals or smear, no clear
bands were observed on MTN4 Northern blots for any
of these ESTs. Furthermore, their initial characteriza-
tion showed most of them to be represented by a single
cDNA clone. Eight of these ESTs also lacked a polyad-
enylation signal, thereby suggesting that they may
have been primed on the A-rich stretches of intronic
sequences, representing artifacts of cDNA cloning
(Wolfsberg and Landsman, 1997). We were particu-
larly interested in ge27, since it was identified by an
exon trap and the EST is derived from a prostate cDNA
library. However, repeated attempts at 5-RACE
yielded only products that matched genomic sequence.
These data indicate that a large proportion of these
ESTs represent artifacts of cDNA cloning. However,
the remaining few might represent transcripts ex-
pressed in tissues other than those on MTN4 Northern
blots and, therefore, need to be analyzed further, par-
ticularly for their expression in parathyroid gland and
kidney, to be considered as candidates for HRPT2 syn-
drome.

Of the remaining 22 ESTs, data on the detailed char-
acterization of 19 transcripts are presented below.
KIAA0959/e3 was found to represent the human homo-
logue of mouse RGL, a protein involved in the Ras
signaling pathway, and has been described elsewhere
(Sood et al., 2000). Similarly, Z47, an 18-kb cDNA

representing a human homologue of the Caenorhabdi-
tis elegans hemicentin gene him-4 has been character-
ized extensively and will be described elsewhere
(manuscript in preparation). The EST e19 was found to
encode the 3’-UTR of the voltage-dependent calcium
channel «-1E subunit (GenBank Accession No.
L29384), a known gene that we had previously mapped
to the same set of overlapping BAC clones.

Two methods of transcript extension, the Gene-Trap-
per Positive cDNA Selection System (LTI) and 5'-
RACE (Clontech), were used in extending these 19
ESTs to full-length transcripts. High GC 5'-RACE has
also been used in some cases to identify GC-rich 5’
ends. The method of choice for cDNA extension was
based upon the results of screening a panel of Mara-
thon-Ready cDNA libraries (Clontech) and superscript
cDNA libraries (LTI) from a variety of tissues. Result-
ing clones were sequenced and assembled with the
data from the Unigene cluster using Sequencher. The
cDNA and deduced amino acid sequences of all tran-
scripts were used to search for any homologous se-
guences in GenBank using the BLAST programs.
These analyses showed that 13 of the 19 transcripts
are novel, 2 are homologous to previously cloned genes,
2 are redundant with others, and 2 most likely repre-
sent artifacts. Figure 1 shows the position of these
transcripts relative to one another and genetic mark-
ers from the 1925 region. The orientation of these
transcripts was determined either by PCR using prim-
ers from 5" and 3’ ends of the cloned sequence against
the BAC contig or by alignment of the cDNA sequences
with genomic sequences and is shown by the arrow.
Transcripts ¢190 and c78 as well as the ESTs 239494,
M78285, and M78354 map telomeric of D1S1642. Ta-
ble 2 lists various characteristics of these transcripts,
including the expected size from Northern blot analy-
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FIG. 1. Transcript map of the 1925 region in centromeric to telomeric orientation shown in two tiers (A and B). Genetic markers and 100-kb

scale are given as the reference points. Transcripts are shown as horizontal lines with or without an arrow indicating the direction of transcription.

All other ESTs are shown as STS markers along with the genetic markers.

sis, cloned size and length of the open reading frame
(ORF), database similarities to known genes from var-
ious organisms, and genomic organization. The tran-
scripts are listed in centromeric to telomeric order.

Expression Profiles of Novel Transcripts

The expression profiles of the novel genes were ex-
amined with eight different human tissues, including
prostate. Representative Northern blots showing the
transcript size and tissue distribution pattern for eight
transcripts are presented in Fig. 2. The data are also
summarized in Table 2. Ten transcripts showed ex-
pression in prostate; however, none revealed a pros-
tate-specific expression pattern. Seven of the 10 were
found to be expressed to varying degrees in all the
tissues examined, suggesting that these genes are ex-
pressed ubiquitously. z28 was found to be expressed in
three alternative forms in all tissues except peripheral
blood leukocytes, with the largest form (4.2 kb) being
the most abundant. Hybridization signals for 3 tran-
scripts were observed in testis only, with ge36 being
very strong, whereas e15 and KIAA0479/e20/c37 were
detected at low levels. Low-level expression in testis is
often seen even for transcripts specifically expressed in
other tissues. Therefore, e15 and e20 may not be testis-
specific genes but expressed in tissues not examined in
this study. The fact that the KIAA0479 sequence was
derived from a cDNA clone originating from a brain
cDNA library suggests that KIAA0479/e20/c37 may be
a brain-specific transcript. Hybridization of MTN1
Northern blot with a probe derived from this transcript
revealed that KIAA0479/e20/c37 has strong expression
in brain as well as weak expression in placenta (data
not shown).

Sequence Characteristics of Novel Transcripts

Sequence analysis has shown 13 of the 19 transcripts
to be novel, with varying degrees of homology to pro-
teins from other species. Sequencing of random cDNA
clones with large inserts (RIKEN project and KIAA
series initiated by Ohara et al., 1997) has also identi-
fied partial sequences for several of our transcripts.
These transcripts are indicated by names comprising
database name/est or contig number assigned to all our
ESTs as an identifier (Table 2), e.g., KIAA0584/c33/c47
(Nagase et al., 1998), KIAA0250/c48 (Nagase et al.,
1996), and KIAA0479/e20/c37 (GenBank Accession No.
ABO007948). In all cases, our data provide either addi-
tional coding sequence at 5’ ends or detailed expression
profiles. New accession numbers were obtained only if
our sequence provided additional data; e.g., the e20/c37
sequence is longer than the KIAA0479 sequence and
provides additional data at the 5’ end.

Our z28 cDNA (not submitted to GenBank) corre-
sponds to two overlapping cDNA sequences, AK000512
and AKO000171, which differ in their utilization of poly-
adenylation sites and an insertion of A near the 3’ end
of the coding sequence. There are eight As in the
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FIG. 2. Northern blot analysis of eight transcripts from the HPC1 candidate region. Multiple tissue Northern blots (Clontech) containing
poly(A)" mRNA of eight adult human tissues, as indicated at the top of each lane, were hybridized with *P-labeled cDNA probes specific for
e8 (A), ell (B), el5 (C), el6 (D), el7 (E), z28 (F), ge36 (G), and ge42 (H). Size markers are indicated on the left side of each blot. Blots were

autoradiographed for 1-5 days at —80°C.

AKO000171 sequence versus nine As in the AK000512
sequence. The (A)g allele gives an open reading frame
that extends 360 bases farther 3’ than that of the (A),
allele. We analyzed DNA from 12 individuals by se-
quencing an amplimer of 414 bp containing the pre-
sumed polymorphic site and failed to observe any chro-
mosome with the (A), allele. Analysis of the genomic
sequences in the htgs database identifies two BAC
clones (GenBank Accession Nos. AL162722 and
AL162723), both with the (A); allele. The only other
sequence with the (A), allele is an EST sequence (Gen-
Bank Accession No. AA085997). These data suggest
that the (A), allele represents either a rare allele or a
sequencing error/cloning artifact.

We have cloned the complete coding region for e8/

c24, e20, ¢78, z28/c7, ge36, and ge4d2, as evidenced by
the presence of in-frame termination codons upstream
of the first ATG in these six transcripts. Furthermore,
Northern blot data indicate that almost the complete
coding sequence has been obtained for ell, el5, and
el7. The ATG coding for the initiating methionine lies
in the optimal context for initiation of translation as
suggested by Kozak (1996) in these three transcripts,
further supporting the conclusion that we have identi-
fied the complete coding sequence for these transcripts.

Known Genes

Homology searches with one of our ESTs (c78) iden-
tified a known gene, B3GalT2 (GenBank Accession No.
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plus 2 alternative 5’

exons
AL356273

AL109865; 15 exons
14 exons

AL136133 &

identical to partial predicted
proteins CAC00613 and
CAC00614

dimethylguanosine tRNA
Novel

Novel; 20% identity to
methyltransferases,

All tissues
Testis (weak)

730 4.8,3.6,2.8
minor

>900 4.1

4,326
3,604

AF288399
AF288392

Clorf25 None
Hs. 113928

Clorf26

ge42
el5
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Y15014), which belongs to a family of human B-3-galac-
tosyltransferases involved in the synthesis of type 1
carbohydrate chains (Kolbinger et al., 1998). It should
be noted that the 5'-UTR sequence of this transcript
identified by us (GenBank Accession No. AF288390) is
different from the published 5-UTR sequence of
B3GalT2 (Accession No. Y15014). BLAST analysis
against the GenBank htgs database finds our 5’ se-
quence in the same BAC that contains the remainder of
the gene (GenBank Accession No. AL139133). In con-
trast, the first 482 bp from Y15014 do not match with
any genomic sequence, indicating either an alternative
5’ exon or a cloning artifact.

AL162723

14 exons

AL390863, AL13913;
2 exons

AL162722 &
>15 exons

Human Homologue of RGS8

One of the exon traps from BAC 270B19 was found to
be homologous to rat RGS8 (GenBank Accession No.
ABO006013), a gene involved in the regulation of G-
protein signaling (Saitoh et al., 1997). 5'-RACE was
performed to clone the complete coding sequence for
human RGS8. Several alternatively spliced 5'-RACE
products were analyzed to identify the one with the
largest open reading frame of 198 amino acids (Gen-
Bank Accession No. AF297015). This sequence repre-
sents an alternatively spliced mRNA compared to the
rat sequence and the recently submitted human RGS8
coding sequence (GenBank Accession No. AF300649),
resulting in a protein with a different amino terminus
(Fig. 3A). Alignment of the three cDNAs against unfin-
ished human genomic sequences (GenBank Accession
No. AL353778) shows that they are all derived from
seven exons, with the rat cDNA containing exons 2
through 7, the short form of human RGS8 containing
exons 3 through 7, and the long form lacking exon 3.
The initiation codon (ATG) lies in exon 3 of the rat and
the short form of the human RGS8 sequences. The long
form of human RGS8 has its first ATG in exon 1.
However, translation may initiate at the second ATG
that lies in exon 2, since the first ATG has a poor Kozak
sequence, containing a C rather than an A or a G at the
—3 position, which generally indicates poor initiation
of translation (Kozak, 1996). The alignment of the hu-
man and rat RGS8 amino acid sequences shown in Fig.
3A assumes translation initiation at the first ATG.
Although we did not perform 3’-RACE, alignment of
exon 7 of the coding sequence with the genomic se-
quence shows that the c119 cDNA sequence lies be-
tween 3.5 and 5 kb downstream of the termination
codon of the RGS8 and may represent the 3'-UTR of
RGS8. This would be consistent with the Northern blot
data indicating that the size of the transcript is approx-
imately 6.5 kb (Fig. 3B). Furthermore, Northern blot
analysis using 16 different tissues present on MTN1
and MTNA4 blots revealed expression of human RGS8
in brain only (Fig. 3B). Further analysis using a dot
blot of 76 different tissues (MTE array from Clontech)
showed the expression to be stronger in several subre-
gions of the brain, particularly pons, putamen, thala-

odorant receptor accessory

protein
Novel; 57% identity to
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FIG. 3. Analysis of human RGS8. (A) Alignment of human and rat RGS8 at the amino acid level. Amino acids that differ between human
and rat are shown in the rat sequence, a dashed line represents the identical residues. Amino acid numbering is given on the left side. (B)
Northern blot analysis of the human RGS8 gene. Multiple tissue Northern blots (MTN1 and MTN4, Clontech) were hybridized with a
#p.labeled cDNA probe for RGS8. Autoradiograph for MTN4 is not shown due to lack of any signal. Molecular weight standards are indicated
on the left. (C) Expression analysis of RGS8. Multiple tissue expression array (Clontech) containing poly(A)” RNA from 76 different human
tissues was hybridized with the same probe as the MTN blots. Columns 1-3 contain various subregions of brain; position A1l contains fetal

brain, D9 is thyroid gland, and F8 is testis.

mus, caudate nucleus, and cerebellum (Fig. 3C). In
addition, a low level of expression is seen in fetal brain,
testis, and thyroid gland.

Genomic Organization

The availability of genomic sequences, i.e., se-
quenced BAC and PAC clones as a result of the
Human Genome Project, has been a tremendous help
in determining the genomic organization of these
transcripts. The last column of Table 2 lists the
accession numbers for the genomic sequences that
align with the transcripts and the number of exons in
each transcript. Despite a positive signal on the
Northern blots, several lines of evidence suggest that
e6 and c132/e12 ESTs may not represent true tran-
scripts. Not only do their sequences align with the
genomic sequence uninterrupted (no splicing), they
also lie in the introns of other transcripts (Fig. 1).
Furthermore, we have assembled 7.1 kb of sequence
for ¢c132/e12 and 2.4 kb for e6, and no open reading
frame is evident. The presence of el6 exons on the
opposite strand of the ¢132/e12 sequence would ex-
plain the similar Northern signals observed using
probes for both of these ESTs (Table 2).

As no genomic sequence was present in GenBank for
the ge36 cDNA, we obtained the sequence of 11 exons

by directly sequencing BACs 211P21 and 112B20 using
primers based on the cDNA sequence (GenBank Acces-
sion Nos. AF297016—AF297023 and AF312863). The
second exon, seen in only one EST (GenBank Accession
No. Al041091), is part of an Alu repeat and is usually
spliced out.

While examining the genomic structure of the ell
cDNA, we noted the presence of a polymorphic Alu—
Sh2 sequence (Batzer et al., 1995) in the first intron of
ell. This sequence is present in the BAC 120K12 se-
quence (GenBank Accession No. AL109865) and absent
in the unfinished sequence of BAC 98H19 (GenBank
Accession No. AL109956). The sequence appears to be
a recent insertion as it is flanked by a perfect 16-base
direct repeat (GTGAGTTGTGATTTCT), only one copy
of which is present in 98H19. The more recently fin-
ished sequence of 98H19 shows no evidence of the
insertion since finishing was performed to an overlap of
only 100 bases. The existence of the insertion was
confirmed by direct PCR of the two BACs with primers
(AAAGAAGTTTTTCATCAAGACCAGGGCT and GG-
AAACAGGAGAAAGAGGGTCCACTATG) flanking the
insertion. Subsequent analysis of 19 affected individu-
als from 10 prostate cancer families found 6 of 38
chromosomes containing the insertion (16%), whereas
only 2 of 132 chromosomes from unmatched CEPH
controls contained the insertion (1.5%). Further anal-
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ysis is required to determine the statistical significance
of these data. A number of recently arisen Alu inser-
tion polymorphisms have been reported to show very
different allele frequencies in different ethnic popula-
tions (Milewicz et al., 1996; Roy et al., 2000).

DISCUSSION

The critical step in gene identification following link-
age analysis is to build a saturated transcript map of
the implicated region and to characterize all potential
transcripts for their expression profiles and putative
biological functions in the cell. Such regional transcript
maps also contribute toward the ultimate goal of the
Human Genome Project, which is to identify all genes
encoded by the human genome (Collins et al., 1998).
The 125 region flanked proximally by D1S466 and
distally by D1S1642 represents approximately 6 Mb
of genomic DNA and harbors the disease loci for pros-
tate cancer (HPC1), camptodactyly—arthropathy—coxa
vara—pericarditis syndrome (CACP; Bahabri et al.,
1998), and the hyperparathyroidism—jaw tumor syn-
drome. Recently, we identified mutations in the MSF
gene mapped to this region (GenBank Accession No.
NM-005807) in CACP patients (Marcelino et al., 1999).

Here we present data on characterization of 37 po-
tential transcripts mapping to this region. To recognize
the full coding potential of this region, we used an
approach consisting of expression-independent meth-
ods, such as exon-trapping and sample sequencing, in
conjunction with the human gene map information
from the public database. It is worthwhile to note that
three transcripts, RGS8, ge36, and ge42, were initially
identified by exon traps only. There is still no EST
overlapping with RGS8, whereas ge36 (Unigene clus-
ter Hs. 112017) and ge42 (No Unigene cluster) have
unmapped ESTs and, therefore, could have been
missed as transcripts mapping to this region by using
gene map databases alone. Similarly the CACP gene
was identified as mapping to this region through sam-
ple sequencing of a BAC clone. These results highlight
the need to combine various methods of transcript de-
tection to recognize the full coding potential of a given
genomic region.

Our transcript characterization strategy was dic-
tated by our primary interest in the HPC1 gene. There-
fore, the first level of prioritization based on expression
profiling of 37 potential transcripts led us to pursue 22
of these further. Of these, we have identified 10 novel
transcripts expressed in prostate. Although none of
these transcripts is exclusively or predominantly ex-
pressed in prostate, they represent potential candi-
dates for HPCL1. Since parathyroid expression was not
tested in this study, all novel transcripts as well as the
ESTs not characterized here should be screened for
their expression in parathyroid, kidney, and other ap-
propriate tissues to identify potential candidates for
the HRPT2 syndrome. Of the 22 transcripts chosen
based on Northern blot data, 14 represented 13 novel
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transcripts, 2 represented artifacts of cDNA cloning, 2
represented the human homologue of rat RGS8, 1 rep-
resented the human homologue of him-4 (Manuscript
in preparation), 1 represented the human homologue of
mouse RGL (Sood et al., 2000), and 2 represented
known genes.

RGS8 is a member of a superfamily of evolutionarily
conserved proteins involved in the regulation of G-
protein-dependent signaling (Dohlman and Thorner,
1997). To date, more than 20 members of the RGS
family (named for its function) have been described.
These proteins share a sequence of approximately 120
amino acids, called the RGS domain, that is responsi-
ble for their GTPase-activating protein activity and
also contain a nuclear localization signal. However, the
RGS proteins localize differentially within cells as a
result of differences in their amino-terminal sequences
(Chatterjee and Fisher, 2000). These genes also display
distinct patterns of expression (Beadling et al., 1999),
which in combination with differential localization
within the cell is, presumably, an important means to
control RGS function. The rat RGS8 gene has been
shown to be a neural-tissue-specific transcript that
accelerates the modulation of G-protein-coupled chan-
nels and thus might be involved in the rapid regulation
of neuronal excitability upon stimulation of G-protein-
coupled receptors (Saitoh et al., 1997). Our analysis of
the human homologue of the RGS8 gene shows it to be
a neural-tissue specific transcript also. Two alternate
forms of human RGS8 with different amino-terminal
sequences and, presumably, different promoters might
add a further level of control on their function in the
neural tissues.

Of the 13 novel transcripts, we have cloned full-
length cDNAs for 9 transcripts. This is evident from
either the presence of an in-frame upstream termina-
tion codon or the presence of a Kozak consensus se-
quence and concordance between the expected sizes
from the Northern blot data and the cloned length of
the transcripts. Several of the proteins encoded by the
novel transcripts are fairly large, e.g., greater than 900
amino acids for ell, el5, and el6.

No deductions could be made for the putative biolog-
ical roles of c48/KIAA0250, el17, and e8/c24, due to the
lack of any similar sequences of known function or
robust sequence motifs that would suggest a function.
The remaining novel transcripts demonstrated varying
levels of homologies to predicted and cloned genes from
mouse, rat, Drosophila, C. elegans, and yeast (Table 2).
In most cases, the homology is either too weak or
limited to too small a segment of the protein to make
any inferences about function without further studies.
However, a few of the proteins have features that sug-
gest a potential function.

ge42 contains one or two C2H2 zinc finger domains
as well as a tRNA methyltransferase domain, which
suggests that it may be involved in the methylation of
nucleic acids. ¢33/c47/KIAA0584 has substantial ho-
mology to two human proteins encoded by AF177203
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(which is a carboxyl extension of KIAA1502) and
AKO025982. These proteins are apparently 100 and 380
amino acids shorter than c33/c47/KIAA0584 and align
with it with minimal gaps over their whole length
including a conserved carboxyl-terminal motif, RDEL,
which is a minor variant of the endoplasmic reticulum
targeting signal, which is prototypically KDEL. Star-
zyk et al. (2000) have identified AF177203 as encoding
a cerebral cell adhesion molecule that supports leuko-
cyte adhesion although it is not clear how to reconcile
this function with possible sequestration in the lumen
of the endoplasmic reticulum.

ge36 has significant but scattered homology to the
murine protein PAL, a novel protein expressed in pro-
liferating cells, which binds to the SH2 domain of Shc
(Schmandt et al., 1999). Shc in turn binds to tyrosine-
phosphorylated proteins and plays a role in signaling
by receptors with tyrosine kinase activity. Thus one
might suppose that ge36 plays a role in the same
signaling pathways.

c112 has no significant homology with any eukary-
otic proteins but has 30—40% homology to various pro-
karyotic N-acetylneuraminate lyase (EC4.1.3.3) pro-
teins and roughly 30% homology to prokaryotic
dihydrodipicolinate synthases, which extends over es-
sentially the full length of both ¢112 and the prokary-
otic proteins without substantial gap insertions. As
both proteins have similar structures (Mirwaldt et al.,
1995) and use pyruvate as a substrate, it is likely that
c112 will have a similar enzymatic function.

Finally, transcript identification and cloning have
recently moved from wet lab to in silico approaches due
to the availability of genomic sequences and a variety
of gene-prediction programs (Stormo, 2000). Validation
of such an approach is required to make sure that the
entire coding potential of the human genome will be
identified. Since a minimal tiling path of BAC clones
representing the entire 6-Mb region is currently being
sequenced at the Sanger Centre, it will be interesting
to see whether all transcripts cloned during this study
will be recognized by gene prediction and whether all
exons of a transcript can be predicted precisely. The
presence of partial protein sequences in GenBank for
ell, el6, and ge42 derived from genomic sequences
using gene prediction approaches suggests that such
an approach is feasible but requires better programs to
identify the ends of transcripts. Furthermore, our
cDNA clones provide a tangible source that can be used
in the laboratory to ask questions about their biological
roles in the cell.

This study provides a resource of several candidate
genes for HPC1 and HRPT2 syndrome. At least 10
transcripts are identified as potential candidates for
prostate cancer based on their expression pattern data.
In the absence of functional data on these genes, fur-
ther prioritization is difficult. Therefore, evaluation of
these genes as candidates requires mutational analy-
sis, and we are currently performing mutational anal-
ysis using single-stranded conformational polymor-

SOOD ET AL.

phism and direct sequencing of exons using cDNA and
genomic DNA, respectively, from patients from fami-
lies showing linkage to the 1925 region to identify the
disease-associated mutations.
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