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Abstract

Alternative splicing is prevalent within the human tissue kallikrein gene locus. Aside from being the most important source of
protein diversity in eukaryotes, this process plays a significant role in development, physiology and disease. A better understanding of
alternative splicing could lead to the use of gene variants as drug targets, therapeutic agents or diagnostic markers. With the rapidly
rising number of alternative kallikrein transcripts, classifying new transcripts and piecing together the significance of existing data are
becoming increasingly challenging. In this review, we present a systematic analysis of all currently known kallikrein alternative
transcripts. By defining a reference form for each of the 15 kallikrein genes (KLKI to KLKI15), we were able to classify alternative
splicing patterns. We identified 82 different kallikrein gene transcript forms, including reference forms. Alternative splicing may lead to
the synthesis of 56 different protein forms for KLK/-15. In the kallikrein locus, the majority of alternative splicing events occur within
the protein-coding region, and to a lesser extent in the 5 untranslated regions (UTRs). The most common alternative splicing event is
exon skipping (35%) and the least common events are cryptic exons (3%) and internal exon deletion (3%). Seventy-six percent of
kallikrein splice variants that are predicted to encode truncated proteins are the result of frameshifts. Eighty-nine percent of putative
proteins encoded by splice variants are predicted to be secreted. Although several reports describe the identification of kallikrein splice
variants and their potential clinical utility, this is the first extensive review on this subject. Accumulating evidence suggests that
alternative kallikrein forms could be involved in many pathologic conditions or could have practical applications as biomarkers. The
organization and analysis of the kallikrein transcripts will facilitate future work in this area and may lead to novel clinical and diagnostic
applications.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Human tissue kallikreins (KLK, hKs) are a group of
serine proteases encoded by 15 structurally similar,
hormonally-regulated genes that tandemly localize on
chromosome 19q13.4 [1,2] and found to have clinical
utility in various diseases, including cancer [3]. The
presence of more than one mRNA form for the same
gene is common among kallikreins. In the kallikrein locus,
alternative transcripts are the result of splicing in the
coding or non-coding regions, use of alternative tran-
scription or translation start and stop sites and combina-
tions thereof. Here, we review the numerous alternative
transcripts of the kallikrein genes in order to facilitate the
identification of novel kallikrein transcripts and future
investigations towards their diagnostic and therapeutic
applicability.

Alternative splicing, first proposed by Gilbert in 1978
[4], generates multiple mRNA forms from one gene and
may yield several different proteins. Splice variants were
found for 35-74% of all human genes [5-12]. Of all
mechanisms that increase protein diversity, alternative pre
mRNA splicing is considered to be the most significant
source in vertebrates, as approximately 70—88% of alter-
native splicing events result in changes in the encoded
protein [5,8,11]. Processes such as alternative use of
promoters, splice sites, translational start sites and transla-
tional termination codons can serve as mechanisms for
regulating alternative splicing. The use of alternative tran-
scriptional start sites and poly A sites can also generate a
variety of mRNAs.

Alternative transcripts can be detected using a combi-
nation of RT-PCR techniques, cloning and sequencing or
by using fiber-optic arrays and exon junction microarrays
[10,13-18]. Although they have several limitations [7],
expressed sequence tags (ESTs) are also very useful in
identifying putative alternative transcripts.

Alternative splicing may generate segments of mRNA
variability that can insert or remove amino acids, shift
the reading frame, or introduce a termination codon.
Alternative splicing can also remove or insert regulatory
elements controlling translation, mRNA stability or
localization [19]. The use of alternative translation
initiation sites is key in generating a versatile repertoire
of functionally different proteins within individual cells.
Diseases associated with mutations may disturb the
initiation step of translation by changing the context
around the AUG start codon or by introducing upstream
AUG codons [20-25]. See reference [26] for more
details.

The mechanism that allows transcription to initiate at
an alternative start site or terminate at a different poly A
site is associated with the use of alternative promoters, a
less well-characterized phenomenon than alternative splic-
ing that still contributes to genome complexity [27].
Although 60-80% of genes with alternative promoters
produce transcripts with identical open reading frames
(ORFs) [27], this mechanism can also lead to different
proteins through the use of alternative ORF or creation of
novel ORFs [28,29]. A recent review describes the
interrelationships between splicing and promoter regions
[27].

Before being transported to the cytoplasm for translation,
the mRNA is spliced and polyadenylated [30]. The poly A
tail enhances translation and mRNA stability [31,32].
Aberrant polyadenylation may alter cell viability, growth
and development and may ultimately lead to disease [33].

Alternative splicing has been implicated in many
physiological and pathophysiological processes and 15%
of mutations in the mammalian genome that cause
disease are associated with an affected RNA splicing
signal [34].

Table 1

Nomenclature and schematic representation of splicing events

Our definition Definition by Schematic
Wang et al. [17] representation

Skipped exon Type I deletion

5" Truncated exon Type II deletion

3’ Truncated exon Type IIT deletion

Internal exon deletion Type IVdeletion

Cryptic exon Type I insertions

5" Exon extension Type II insertions

3’ Exon extension Type IIT insertions

Complete intron retention Type IV insertions

Classical splicing Regular splicing

SRR

Boxes represent exons and horizontal lines represent intervening introns.
Diagonal lines show splicing arrangement. The first 4 diagrams represent
splicing events involving only exons, while the last 5 diagrams represent
splicing events involving introns and exons.
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Table 2
Reported human kallikrein mRNA transcripts

Number of mRNA forms per gene

KLK1 4
KLK2
KLK3
KLK4
KLK5
KLK6
KLK7
KLKS8
KLK9
KLKI10
KLKI11
KLKI2
KLKI13
KLKI14
KLKI15
Total
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Many splice variants are also implicated in cancer.
Recent reports indicate that 10-30% of alternatively spliced
human genes possess tissue-specific splice variant forms
[35] and that at least 316 genes possess cancer-specific
mRNA variants, 73% of which display cancer- and not just
tissue-specific splicing patterns [36]. Furthermore, the usage
of consensus GT-AG splice sites is significantly less
frequent in cancer-specific mRNA splice forms, while
GC-AG usage is specifically increased [37]. The amount
of proteins encoded by variant transcripts varies between
individuals. This can result in the differential penetrance of a
disease-causing gene and may indicate that alternative
splicing could be a potential genetic modifier of human
disease [38]. In addition to their potential diagnostic and
prognostic relevance, recent reports suggest that splice
variants may have important therapeutic applications
[39,40].

2. Methodology

All publicly available kallikrein mRNA sequences until
December 2003 were identified and compared to their
reference forms, as described below.

In order to differentiate between “reference” and alter-
native kallikrein transcripts, we arbitrarily selected one
transcript that we considered to be the “reference” form. The
reference form satisfied the five characteristics of a
kallikrein gene, as defined by Yousef et al. [41]. If more
than one candidate “reference form” existed, the form with
the longest 5-UTR in the mRNA was selected.

In order to distinguish between kallikrein mRNA forms
with incomplete 5’ ends from mRNA forms with alternative
transcription start sites, we verified from the literature
whether 5’ rapid amplification of cDNA ends (RACE) or
any other method was performed to validate the presence of
an alternative transcriptional start site.

Our major focus was in the protein-coding region of
mRNAs, where splice variants can encode for different
proteins compared to the reference protein. Events for splice
variants with only partially characterized protein coding
regions were not included in the analysis.

Splicing events were noted both in the protein-coding
and the untranslated regions as follows:

Cassette Exons:
Skipped exon: A constitutive exon (exists in the
reference form) which is skipped in the alternative
form.
Cryptic exon: Present in the alternative form but
absent in the reference form.
Exon Isoforms:
Exon extension — Lengthening at one or both ends
of an exon.
Exon truncation — Shortening at one or both ends of
an exon.
Intron retention: The presence of a an intron within two
adjacent transcript-confirmed exons.
Internal exon deletion: A mid exon gap where a cryptic
intron is introduced.

The nomenclature for describing these events is similar
to that conventionally used [42—44]. We have also compared
these definitions to the nomenclature used by Wang et al.
[37] to characterize the same splicing events (see Table 1).

Events in the protein-coding regions were quantified per
gene and per intron/exon. Using in-silico translational tools
(www.expasy.org/tools/), when published reports were not
available, encoded proteins were predicted and categorized
by event including frameshift, in-frame deletion, or in-frame
insertion.

Internal Exon Deletion
3%

Cryptic exon

3%

Intron Retention
6%

Exon Skipping
36%

Exon Truncation
0,

o

Exon Extension
24%

Fig. 1. Frequency of kallikrein splicing events within the coding regions. Of
all coding region alternative splicing events in the kallikrein locus, the most
common event is exon skipping with a frequency of 36%, followed by exon
extension (24%), exon truncation (18%), intron retention (16%), cryptic
exon (3%) and internal exon deletion (3%). For definitions, see Table 1.
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The prediction of signal peptide using the SMART
algorithm (smart.embl-heidelberg.de/) indicated if the var-
iant protein is likely to be secreted.

Although splice variants are included under the definition
of alternative transcripts, if post-transcriptional modifica-
tions occur in the 5 or 3'-UTRs that are not the result of the
splicing definitions listed above, the alternative transcripts
generated may not be considered splice variants. All
kallikrein mRNA transcripts, stratified per kallikrein gene,
are listed in Table 2.

257

201

154

104

Number of events

2.1. Alternative splicing in the kallikrein locus

As of December 2003, a total of 82 kallikrein mRNA
forms, including reference forms, has been reported (Table
2). With the exception of KLK 14, all kallikreins have at least
one alternative transcript, exclusive of their reference form.
KLK3, followed by KLKI3, has the highest number of
alternative transcripts.

Splicing is seen mostly in the protein coding regions and
to a much lesser extent in the 5-UTR. Although several

@Exon 5
E Exon 4
OExon 3
EExon 2
HExon 1

Exon 5' Exon
Skipping

257

201

151

104

Number of events

o[

Hamﬂi

5' Exon
Truncation  Extension

Internal 3'Exon 3' Exon
Exon Truncation  Extension
Deletion
O Intron 3
@ Intron 1

Rl

Cryptic Exon

Intron Retention

Fig. 2. (A) Frequency of splicing events by coding exon. Splicing events are defined in Table 1. The number of times a particular event occurs is listed on the y
axis. (B) Frequency of splicing events by intron. Events are seen only in introns 1 and 3.
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Predicted Encoding Kallikrein Protein

Extended (in-
frame insertion)
7%

Truncated
93%

Frameshift
1%

In-frame
deletion
22%

Fig. 3. Predicted protein sequence of alternative kallikrein mRNA forms. Out of 41 mRNA species that are predicted to generate proteins different from the

reference protein, 95% of them will lead to a truncated protein.

kallikrein transcripts have confirmed alternative poly A
tails, no splicing events have been detected in this region.

2.2. The coding exons

Exon skipping is the most common event in the
kallikrein locus, as 35% of splicing events lead to a skipped
exon (Fig. 1). Coding exons 4 and 2 are most commonly
skipped among kallikrein genes (Fig. 2A).

3’ Exon extension events occur twice as often as 5 ex-
tension events and 3’ exon truncation occurs close to three
times as often as 5’ truncation (Fig. 2A).

Intron retention almost always results in the retention
of intron 3 between coding exons 3 and 4. The only
exception was found in KLK3 variant PSA-LM (Acces-
sion # AF335478), in which the intron 1 is retained
(Figs. 2B and 6).

The least common kallikrein splice forms include a cryptic
exon and internal exon deletion (3% each), each event
occurring uniquely in one gene. Cryptic exons are found in
two transcripts of KLK13 [45] (Figs. 2 and 16) (AY293174
and AY293175) and internal exon deletion in one transcript
of KLK12 (accession # NM_019598) (Figs. 1, 2 and 15).

5’ Exon truncation has been detected in exons 3, 4 and 5
on one occasion each, while 3’ exon truncation occurs
almost exclusively in exon 3 (also present in exon 4 for
KLK3 variant PSA-RPS). 5 Exon extension was observed
mostly in exon 3 and to a lesser extent in exons 5 and 2. 5’
Exon extension was seen once in coding exon 1, twice in
exon 2, three times in exon 3 and four times in exon 4. It
was not observed in exon 5. Internal exon deletion is present
in exons 3 and 5 in one splice variant each (Fig. 2).

Splice sites are usually conserved among the kallikrein
variant forms. However, rare CC-AG pairs were found in
several KLK3 variants [46]. A GC-AG intron is found in
intron 3 of both KLKI0 transcripts.

2.3. The non-coding exons

An alternative promoter region was confirmed in splice
variants of KLK6 and KLK4. Splicing events that were

identified in the 5-UTR were internal exon deletion and
exon truncation events that occurred in different KLKS
transcripts (accession #s AY273981 and AY273980, respec-
tively) (see Fig. 8).

Some non-conserved splice sites were generated in the
5'-UTR. This occurs in KLK/0 where a TG is used as the
donor site. In KLK5, Dong et al. reported a variant with a
non conserved GG splice donor site but since it is only one
nucleotide away from a GC donor site, this variant is likely
the same as the KLK5 variant described in accession #
AY279380.

Although multiple transcripts of the same gene have
variations in their 3’ terminal sequences, many are likely
incomplete mRNA sequences. The only genes that have
alternative transcripts with confirmed alternative polyade-
nylation sites are KLK2 and KLK3 [43,46] (Figs. 5 and 6).

2.4. Encoded proteins

Five kallikrein genes (KLK4, 6, 7, 11 and 13) have
transcripts with one alternative translation initiation site
each (see Figs. 7, 9, 14, 16). Although only variants of
KLK2 and KLK3 KLK3 have been experimentally shown
that they may encode proteins [47]). Although only variants
of KLK2 and KLK3 have been experimentally shown that

Table 3

Alternative kallikrein transcripts associated with cancer

Gene with alternative Type of cancer Reference

transcript(s) associated

with cancer

KLK2 Prostate cancer [47,50]

KLK3 Prostate cancer [47,51,59]

KLKS5 Ovarian cancer [52]
Ovarian and [53]
prostate cancer

KLK6 Breast cancer (our unpublished data)

KLK7 Ovarian cancer [52]

KLKS Ovarian cancer [55]

KLK11 Prostate cancer [57]

KLKI3 Testicular cancer [45]
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Fig. 4. Schematic representation of human kallikrein gene 1 (KLK1) mRNA transcripts. Primary forms, as defined in the text, are shown on top with their
GenBank Accession numbers. Boxes represent exons with the coding regions shown in black. Lines represent intervening introns. Numbers indicate intron and
exon lengths in base pairs. The extension of a line at the 3’ or 5 termini indicates that the reported form was not fully characterized and only a partial sequence
was reported. All splice sites are conserved unless otherwise indicated [see text]. The following apply to all legends of Figs. 4-18: bp, base pairs; aa, length of
predicted protein in amino acids. * Represents translation initiation start codon; v Represents translation termination codon; * indicates confirmed alternative
poly (A) site compared to the reference form; ® indicates confirmed alternative transcription start site compared to the reference form; © indicates that the
published intron or exon sequence length varies; ” indicates that the poly As are included in the reported size of the transcript; H, denotes histidine; S, denotes
serine; and D, denotes aspartate (amino acids of the catalytic triad). Transcripts with incomplete coding sequences were not analyzed for predicted protein

translation (N/A) [60-64].

they may encode proteins [47], protein sequences for other
variants have been predicted using bioinformatic tools.
Among these, three KLK4 transcripts have identical AUG
start codons different from that of the reference protein (Fig.
7). KLK13 and KLK6 have two (Figs. 9 and 16), while
KLK7 and KLK11 each have one (Figs. 10 and 14). Of these
splice variants, the only one that may encode a protein that
includes a signal peptide and is therefore likely secreted is
KLKI11 (accession # NM_144947). A total of 56 different
protein forms may be generated by alternative transcripts of
kallikrein genes (fourty-one, if we do not include the
reference proteins). Of these, 95% encode for truncated
proteins. Seventy-six percent of kallikrein splice variants
that are predicted to encode for truncated proteins exhibit a
frame shift (Fig. 3). This event occurs in all kallikreins
except KLK7, KLKI10, KLK1I and KLKI4. To a lesser
degree, in-frame deletions make up 24% of truncation
events. In-frame insertions seen in KLKS8 and KLKI2
comprise 5% of all events that alter protein products in
the kallikrein locus (Fig. 3).

NM_005551

N/A

A recent genome wide report of splicing patterns by
Modrek et al. indicated that 74% of splicing events occur in
the coding region, 22% in the 5'-UTR and only 4% in the 3'-
UTR and that exon skipping is the most common splicing
event [8]. Our results for kallikreins generally agree with
these findings. Clark et al. analyzed 2793 genes and
reported that cassette exon events were most prevalent
compared to other alternative events [12]. They also stated
that over one-third of all exons have alternative ORFs.
Interestingly, the presence of a frame shift was found to be
highly correlated with the GC content of introns.

The regulation of the individual splicing events is not
well understood. The high incidence of exon skipping has
stimulated research into the regulation of this splicing event.
In silico analysis of mRNAs that undergo exon skipping
identified two motifs, conserved in both mouse and human
[48]. Both motifs were complementary and found in the
flanking introns of the skipped exon, one rich in pyrimidines
while the other is rich in purines. Miriami et al. provided
preliminary evidence suggesting a base pairing interaction

AY429509 |

AY429510 |

AF188748 |

AF188747 |

AF188745 |

bp(#) aa(#)  References
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1320 223 (66)
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217" ] 267 223 67)
FIES ] 2854 164 (67)

Fig. 5. Schematic representation of mRNA transcripts for human kallikrein gene 2 (KLK2). For more details, see legend of Fig. 4. Variants may not be fully

characterized at the 5 end [65—67].
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Fig. 6. Schematic representation of mRNA transcripts for human kallikrein gene 3 (KLK3). For more details, see legend of Fig. 4 [47,51,59].

between the two motifs to regulate exon skipping by
generating a secondary structure [48].

Since the emergence of PSA as the most powerful
prostate cancer marker over two decades ago [49], the
diagnostic and prognostic potential of other kallikrein genes
is being explored. Recently, differential expression of
kallikreins in various types of cancer suggests that splice
variants are worth investigating for cancer detection (Table
3). Some kallikrein variants seem to be cancer-specific and/
or differentially expressed in cancer and may have potential
clinical applications as diagnostic/prognostic biomarkers.
For instance, Slawin et al. have recently developed a

preoperative KLK2 splice variant-specific RT-PCR that is
useful for detecting prostate cancer metastasis and helps
predict pathological lymph node positivity in men with
clinically localized prostate cancer [50].

Tanaka et al. have reported the existence of an
alternatively spliced form of the KLK3 gene which is
expressed in 13 of 18 (72.2%) non-cancerous and 4 of 5
(80.0%) cancerous prostate tissues, but in only 3 of 12
(25.0%) blood samples from prostate cancer patients [51].
The difference in KLK3 variant expression levels between
noncancerous prostate tissues versus blood samples from
cancer patients was statistically significant (P=0.011).

bp(#) aa(#)  References
« H D s
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4 iy
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.
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Fig. 7. Schematic representation of mRNA transcripts for human kallikrein gene 4 (KLK4). For more details, see legend of Fig. 4 [68—74]. The last three

putative encoded proteins are speculated to be intracellular [74].
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Fig. 8. Schematic representation of mRNA transcripts for human kallikrein gene 5 (KLKS). For more details, see legend of Fig. 4 [52,53,75].

David et al. have reported the identification of two splice
variants of the KLK2 and KLK3 genes that result from the
inclusion of intronic sequences adjacent to the first exon,
denoted K-LM and PSA-LM, respectively [47]. With the
exception of the signal peptide, K-LM and PSA-LM
transcripts encode protein isoforms that are entirely different
than the reference hK2 and hK3 proteins. As such,
polyclonal antibodies were generated against synthetic
peptides derived from amino acid sequences unique to each
variant protein. The immunohistochemistry of prostate
sections using these polyclonal antibodies indicated that
the K-LM and PSA-LM proteins are detected only in the
secreting cells of the tubule lumen and Western blot analysis
indicated that the K-LM protein is present in seminal
plasma. Furthermore, a recent study indicated that KLK3
may actually produce at least 10 transcripts, which can

encode 6 putative protein isoforms [46]. RT-PCR analysis
indicates that at least 5 splicing isoforms are expressed in
normal, benign prostatic hyperplastic and cancerous tissues.
Collectively, these KLK2 and KLK3 variants may supple-
ment hK3/PSA diagnostics.

Dong et al. have recently cloned two KLK5 and two
KLK7 splice variants from normal and cancerous ovarian
cell lines [52]. The KLK5 variants are alternatively spliced
in the 5-UTR and the KLK7 transcripts differ by one exon
and the length of the 3’-UTR. By RT-PCR analysis, the
KLK5 variant with a short 5-UTR, denoted KLKS5-short,
and the KLK7 transcript with a longer 3’-UTR, named
KLK7-long, were found to be overexpressed in the ovarian
cancer cell lines OVCAR-3 and PEOI, respectively,
compared to normal ovarian epithelial cells. This differential
expression of KLK5 and KLK7 variant transcripts between

aa(#) References
NM_002774 244 (76-78)
AY279383 137 (54)

244 (54)
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428 739: :3619 :142‘\ H :2427 : =
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Fig. 9. Schematic representation of mRNA transcripts for human kallikrein gene 6 (KLK6). For more details, see legend of Fig. 4 [54,76-79].

AF411214 188 Al ui

AF411215 188

NM_139227

315

bp(#) aal#) References
209 748 1756 253 (52)

1054 181 (52)

1927 253 (80)

Fig. 10. Schematic representation of mRNA transcripts for human kallikrein gene 7 (KLK7). For more details, see legend of Fig. 4 [52,80].
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Fig. 11. Schematic representation of mRNA transcripts for human kallikrein gene 8 (KLKS). For more details, see legend of Fig. 4. An additional GenBank
submission AF055982 exists that is not mentioned here. It matches the classical form but has additional 491 bp in 5-UTR that does not match the genomic

sequence, or any mRNA or EST clone [55,79,81,82].

normal ovaries and ovarian cancers suggests that they may
be used for the early detection of ovarian cancer by RT-PCR
analysis of tissue biopsies or as serum biomarkers, if the
variant proteins are secreted [52].

Kurlender et al. have recently identified a novel KLKS
variant with alternative splicing in the 5-UTR, KLK5-SV1,
shown in Fig. 8 [53]. By RT-PCR analysis, KLK5-SV1 was
found to be overexpressed in ovarian cancer tissues
compared to normal. Higher expression of this variant was
also evident in normal prostate tissues compared to their
matched cancer tissue counterparts.

Pampalakis et al. have recently identified two splice
variants of the KLK6 gene, lacking either coding exon 1 or 2

[54]. The quantification of the reference and two variant
KLK6 mRNA forms in normal (76N) and cancerous (21PT
and MDA-MB-469) breast cell lines by RT-PCR indicated
that the splice variants account for 10-20% of all mRNA
species. Additional studies are required to determine the
clinical value of these splice variants in cancer.

Magklara et al. have also identified two novel mRNA
splice variants of the KLKS8 gene, missing 2 or 3 coding
exons, named type 3 and type 4 KLKS, respectively [55].
RT-PCR analysis indicated that both variants were over-
expressed at relatively high levels in cancerous ovarian
tissues, compared to normal ovarian tissues, in which they
were not detected. Accordingly, these ovarian cancer-

. H D s . bp(#) aa(#) References
NM_012315 87 165 2459 2617 137 ERLS 598 1438 250 (83)
3 ' aso | i : E 443 1
45! i 2723 137 540 1332 234 Our unpublished data
AF135026 87 163 15‘3 :
P i i i : i : -
AY551001 n i 2874 | 266 2723 137 443 208 >683 81 Our unpublished data

Fig. 12. Schematic representation of mRNA transcripts for human kallikrein gene 9 (KLK9). For more details, see legend of Fig. 4 [83].

NM_002776

NM_145888

bp{#)  aa(®# = References

| 1s80 276 (84, 85)

| >1442 276 79)

Fig. 13. Schematic representation of mRNA transcripts for human kallikrein gene 10 (KLK10). For more details, see legend of Fig. 4 [79,84,85].

EE I 3 797 27

NM_006853 [

nsorareo  —[7T] = 55 L
AFtesezs [T ] 2L 3 ZeL 32z
i i i

NM_144947

. bp(#) aa(#) References
1 "B 9120 250 (86}
>1186 275 N/A
n o 312 | 1207% 250 (87)
| 5 | 1 394: | 312 12897 282 (87)

Fig. 14. Schematic representation of mRNA transcripts for human kallikrein gene 11 (KLK11). For more details, see legend of Fig. 4. GenBank submission

NM_006853 is identical to BC022068 [86,87].
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bp(#) aa(#) References
NM_145894 1074 248 (88)
NM_019598 945 254 (88)
NM_145895 814 111 (88)
AY358524 10914 248 (87)

Fig. 15. Schematic representation of mRNA transcripts for human kallikrein gene 12 (KLK12). For more details, see legend of Fig. 4 [87,88].

specific KLKS§ variant transcripts represent potential cancer
biomarkers.

The KLKI1 gene has two transcript variants named the
brain-type and prostate type [56]. Using quantitative RT-
PCR, the expression of these KLK// transcripts in matched
normal and cancerous prostatic tissues were compared [57].
Both variants were overexpressed in cancerous prostate vs.
normal tissues and lower expression of prostate-type KLK 1/
was associated with higher tumor stage, grade and Gleason
score. No such association was seen with the brain-type
isoform. These data suggest that KLK /I splice variants may
have clinical value as biomarkers for prostate cancer
diagnosis and prognosis.

The work of Chang et al. has revealed that the KLK/3
gene possesses at least five tissue-specific splice variants
expressed exclusively in the testis [45]. The reference
KLK13 mRNA is predominately expressed in a variety of

tissues including the breast, prostate, testis and salivary
gland [58]. Using RT-PCR they have shown that KLK/3
splice variants are expressed in a fraction of morphologi-
cally normal testicular tissues, but absent in the adjacent
cancerous tissues [45]. Due to the conservation of their
signal peptide sequences, the KLK/3 splice variants are
predicted to be secreted if they are translated. Taken
together, these lines of evidence suggest that transcript
variants of the KLK/3 gene should be further examined as
molecular markers for testicular cancer.

3. Conclusion
We have reviewed all known kallikrein mRNA forms.

These are shown schematically in Figs. 4-18. Although the
functional and diagnostic relevance of most kallikrein

bp(#) aa(#)  References
*
NM_015596 52 A3 1258 277 (88)
" 4 i i HERESI 1762
AY923171 = = } = 134 570 1047 98 (45)
: ; ; 339 E 1070 1762
AY923172 | 349§ ——ro 137 570 1614 93 (45)
; : 1154 ~ 2966 i 339 io361 1762
AY923173 52 20 ISl 187 5 | 137 570 1323 93 (45)
5 ; 31| i 1762 1
I ; i i i -
H 4396 1389 1762 H
nstossze Il -l e
i : i ] : 1762 |
AY923174 137 50 | yss a8 45)
3978 1762
AY923175 231 4 137 50 | a9 98 (45)
4396 e 339 "
AL050220 187 LI 142 7451 N/A N/A

Fig. 16. Schematic representation of mRNA transcripts for human kallikrein gene 13 (KLK13). For more details, see legend of Fig. 4. Genbank accession #
AL050220 has an additional upstream sequence in the 5-UTR that does not match any known sequence. The translation sequence presented here does not
match the GenBank submission. The coding sequence in GenBank is unclear [45,88,89].

NM_022046

bo# aa# = References

1459 251 (90, 91)

Fig. 17. Schematic representation of mRNA transcripts for human kallikrein gene 14 (KLK14). For more details, see legend of Fig. 4. This gene likely has
splice variants (our unpublished data) but these have not as yet been characterized [90,91].
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bp(#) aa(#) References
" H D s .
120 673

NM_017500 5591 3638 500 pee 1308 255 (92, 93)
NM_023006 2528 500 saw © (] 660 51191 120 (93)

* i i
NM_138464 J] 13 e 500 s 507 >1054 170 (93)

* E ; i H -
NM138563 1 3638 500 956 655 >1172 160 (93)

" H . : ;
AY373373 H_M_W 245 673 560 >1398 161 Our unpublished data
AY373374 660 >1261 161 Our unpublished data

Fig. 18. Schematic representation of mRNA transcripts for human kallikrein gene 15 (KLK15). For more details, see legend of Fig. 4 [92,93].

alternative transcripts is still under investigation, prelimi-
nary evidence indicates that some are expressed exclu-
sively in cancer tissues. We hope that this review will help
in the further investigation of these numerous transcripts
and their encoded proteins as new diagnostic and
therapeutic targets.

Acknowledgements

This work was supported by a University-Industry
Grant to E.P. Diamandis from the Natural Sciences and
Engineering Council of Canada [NSERC] and IBEX
Technologies.

References

[1] G.M. Yousef, E.P. Diamandis, The new human tissue kallikrein gene
family: structure, function, and association to disease, Endocr. Rev. 22
(2001) 184—204.

[2] C.A. Borgono, I.P. Michael, E.P. Diamandis, Human tissue kallik-
reins: physiologic roles and application in cancer, Mol. Cancer Res. 2
(2004) 257-280.

[3] E.P. Diamandis, G.M. Yousef, Human tissue kallikreins: a family of
new cancer biomarkers, Clin. Chem. 48 (2002) 1198—1205.

[4] W. Gilbert, Why genes in pieces? Nature 271 (1978) 501.

[5] International Human Genome Consortium, Initial sequencing and
analysis of the human genome, Nature 409 (2001) 860—921.

[6] D. Brett, J. Hanke, G. Lehmann, S. Haase, S. Delbruck, S. Krueger,
J. Reich, P. Bork, EST comparison indicates 38% of human mRNAs
contain possible alternative splice forms, FEBS Lett. 474 (2000)
83-86.

[7]1 B. Modrek, C. Lee, A genomic view of alternative splicing, Nat.
Genet. 30 (2002) 13—-19.

[8] B. Modrek, A. Resch, C. Grasso, C. Lee, Genome-wide detection of

alternative splicing in expressed sequences of human genes, Nucleic

Acids Res. 29 (2001) 2850—2859.

A.A. Mironov, J.W. Fickett, M.S. Gelfand, Frequent alternative

splicing of human genes, Genome Res. 9 (1999) 1288—1293.

J.M. Johnson, J. Castle, P. Garrett-Engele, Z. Kan, P.M. Loerch,

C.D. Armour, R. Santos, E.E. Schadt, R. Stoughton, D.D. Shoe-

maker, Genome-wide survey of human alternative pre-mRNA

splicing with exon junction microarrays, Science 302 (2003)

2141-2144.

[91

[10]

[11] Z. Kan, E.C. Rouchka, W.R. Gish, D.J. States, Gene structure
prediction and alternative splicing analysis using genomically aligned
ESTs, Genome Res. 11 (2001) 889—-900.

[12] F. Clark, T.A. Thanaraj, Categorization and characterization of
transcript-confirmed constitutively and alternatively spliced introns
and exons from human, Hum. Mol. Genet. 11 (2002) 451-464.

[13] J.M. Yeakley, J.B. Fan, D. Doucet, L. Luo, E. Wickham, Z. Ye, M.S.
Chee, X.D. Fu, Profiling alternative splicing on fiber-optic arrays, Nat.
Biotechnol. 20 (2002) 353 -358.

[14] G.K. Hu, S.J. Madore, B. Moldover, T. Jatkoe, D. Balaban, J. Thomas,

Y. Wang, Predicting splice variant from DNA chip expression data,

Genome Res. 11 (2001) 1237-1245.

D.D. Shoemaker, E.E. Schadt, C.D. Armour, Y.D. He, P. Garrett-

Engele, P.D. McDonagh, P.M. Loerch, A. Leonardson, P.Y. Lum, G.

Cavet, L.F. Wu, S.J. Altschuler, S. Edwards, J. King, J.S. Tsang, G.

Schimmack, J.M. Schelter, J. Koch, M. Ziman, M.J. Marton, B. Li,

P. Cundiff, T. Ward, J. Castle, M. Krolewski, M.R. Meyer, M. Mao,

J. Burchard, M.J. Kidd, H. Dai, J.W. Phillips, P.S. Linsley, R.

Stoughton, S. Scherer, M.S. Boguski, Experimental annotation of the

human genome using microarray technology, Nature 409 (2001)

922-927.

T.A. Clark, C.W. Sugnet, M. Ares Jr., Genome wide analysis of

mRNA processing in yeast using splicing-specific microarrays,

Science 296 (2002) 907-910.

H. Wang, E. Hubbell, J.S. Hu, G. Mei, M. Cline, G. Lu, T. Clark,

M.A. Siani-Rose, M. Ares, D.C. Kulp, D. Haussler, Gene structure-

based splice variant deconvolution using a microarray platform,

Bioinformatics 19 (Suppl. 1) (2003) i315-1322.

J. Castle, P. Garrett-Engele, C.D. Armour, S.J. Duenwald, P.M.

Loerch, M.R. Meyer, E.E. Schadt, R. Stoughton, M.L. Parrish, D.D.

Shoemaker, J.M. Johnson, Optimization of oligonucleotide arrays and

RNA amplification protocols for analysis of transcript structure and

alternative splicing, Genome Biol. 4 (2003) R66.

N.A. Faustino, T.A. Cooper, Pre-mRNA splicing and human disease,

Genes Dev. 17 (2003) 419-437.

Y. Guilloux, S. Lucas, V.G. Brichard, A. Van Pel, C. Viret, E. De

Plaen, F. Brasseur, B. Lethe, F. Jotereau, T. Boon, A peptide

recognized by human cytolytic T lymphocytes on HLA-A2 melano-

mas is encoded by an intron sequence of the N-acetylglucosaminyl-

transferase V gene, J. Exp. Med. 183 (1996) 1173—1183.

S. Reuter, M. Bartelmann, M. Vogt, C. Geisen, 1. Napierski, T. Kahn,

H. Delius, P. Lichter, S. Weitz, B. Korn, E. Schwarz, APM-1, a novel

human gene, identified by aberrant co-transcription with papilloma-

virus oncogenes in a cervical carcinoma cell line, encodes a BTB/

POZ-zinc finger protein with growth inhibitory activity, EMBO J. 17

(1998) 215-222.

L. Liu, D. Dilworth, L. Gao, J. Monzon, A. Summers, N. Lassam, D.

Hogg, Mutation of the CDKN2A 5-UTR creates an aberrant initiation

codon and predisposes to melanoma, Nat. Genet. 21 (1999) 128—-132.

[15]

[16]

[17]

(8

[}

[19]

[20

[t}

(22]



12 L. Kurlender et al. / Biochimica et Biophysica Acta 1755 (2005) 1-14

[23] G.I. Frost, G. Mohapatra, T.M. Wong, A.B. Csoka, J.W. Gray, R.
Stern, HYALILUCA-1, a candidate tumor suppressor gene on
chromosome 3p21.3, is inactivated in head and neck squamous cell
carcinomas by aberrant splicing of pre-mRNA, Oncogene 19 (2000)
870—877.

[24] X.Q. Wang, J.A. Rothnagel, Post-transcriptional regulation of the glil
oncogene by the expression of alternative 5’ untranslated regions,
J. Biol. Chem. 276 (2001) 1311-1316.

[25] J.E. Landers, S.L. Cassel, D.L. George, Translational enhancement of
mdm2 oncogene expression in human tumor cells containing a
stabilized wild-type p53 protein, Cancer Res. 57 (1997) 3562—-3568.

[26] M. Kozak, Emerging links between initiation of translation and human
diseases, Mamm. Genome 13 (2002) 401-410.

[27] J.R. Landry, D.L. Mager, B.T. Wilhelm, Complex controls: the role of
alternative promoters in mammalian genomes, Trends Genet. 19
(2003) 640—648.

[28] D.E. Quelle, F. Zindy, R.A. Ashmun, C.J. Sherr, Alternative
reading frames of the INK4a tumor suppressor gene encode two
unrelated proteins capable of inducing cell cycle arrest, Cell 83
(1995) 993—-1000.

[29] S. Nozell, X. Chen, p21B, a variant of p21(Waf1/Cip1), is induced by
the p53 family, Oncogene 21 (2002) 1285—-1294.

[30] B. Lewin, Genes VI, vol. VI, Oxford University Press, New York,
1997.

[31] P. Bemnstein, S.W. Peltz, J. Ross, The poly(A)—poly(A)-binding
protein complex is a major determinant of mRNA stability in vitro,
Mol. Cell. Biol. 9 (1989) 659-670.

[32] A. Sachs, The role of poly(A) in the translation and stability of
mRNA, Curr. Opin. Cell Biol. 2 (1990) 1092—1098.

[33] J. Zhao, L. Hyman, C. Moore, Formation of mRNA 3’ ends in
eukaryotes: mechanism, regulation, and interrelationships with other
steps in mRNA synthesis, Microbiol. Mol. Biol. Rev. 63 (1999)
405-445.

[34] M. Krawczak, J. Reiss, D.N. Cooper, The mutational spectrum
of single base-pair substitutions in mRNA splice junctions of
human genes: causes and consequences, Hum. Genet. 90 (1992)
41-54.

[35] Q. Xu, B. Modrek, C. Lee, Genome-wide detection of tissue-specific
alternative splicing in the human transcriptome, Nucleic Acids Res. 30
(2002) 3754—3766.

[36] Q. Xu, C. Lee, Discovery of novel splice forms and functional
analysis of cancer-specific alternative splicing in human expressed
sequences, Nucleic Acids Res. 31 (2003) 5635—5643.

[37] Z. Wang, H.S. Lo, H. Yang, S. Gere, Y. Hu, K.H. Buetow, M.P. Lee,
Computational analysis and experimental validation of tumor-asso-
ciated alternative RNA splicing in human cancer, Cancer Res. 63
(2003) 655—-657.

[38] M. Nissim-Rafinia, B. Kerem, Splicing regulation as a potential
genetic modifier, Trends Genet. 18 (2002) 123—127.

[39] M.A. Garcia-Blanco, A.P. Baraniak, E.L. Lasda, Alternative
splicing in disease and therapy, Nat. Biotechnol. 22 (2004)
535-546.

[40] T. Vinayagamoorthy, Rational drug discovery based on splice variants,
Genet. Eng. News 24 (2004) 20-21.

[41] G.M. Yousef, E.P. Diamandis, Human kallikreins: common structural
features, sequence analysis and evolution, Curr. Genomics 4 (2003)
147-165.

[42] T.A. Thanaraj, S. Stamm, F. Clark, J.J. Riethoven, V. Le Texier,
J. Muilu, ASD: the alternative splicing database, Nucleic Acids Res.
32 (2004) D64—-D69.

[43] S. Stamm, J. Zhu, K. Nakai, P. Stoilov, O. Stoss, M.Q. Zhang, An
alternative-exon database and its statistical analysis, DNA Cell Biol.
19 (2000) 739-756.

[44] R.E. Breitbart, A. Andreadis, B. Nadal-Ginard, Alternative
splicing: a ubiquitous mechanism for the generation of multiple
protein isoforms from single genes, Annu. Rev. Biochem. 56
(1987) 467-495.

[45] A. Chang, G.M. Yousef, K. Jung, E. Rajpert-De Meyts, E.P.
Diamandis, Identification and molecular characterization of five novel
kallikrein gene 13 (KLK13; KLK-L4) splice variants: differential
expression in the human testis and testicular cancer, Anticancer Res.
21 (2001) 3147-3152.

[46] N. Heuze-Vourc’h, V. Leblond, S. Olayat, F. Gauthier, Y. Courty,
Characterization of PSA-RP2, a protein related to prostate-specific
antigen and encoded by alternative hKLK3 transcripts, Eur. J.
Biochem. 268 (2001) 4408—-4413.

[47] A. David, N. Mabjeesh, 1. Azar, S. Biton, S. Engel, J. Bernstein, J.
Romano, Y. Avidor, T. Waks, Z. Eshhar, S.Z. Langer, B. Lifschitz-
Mercer, H. Matzkin, G. Rotman, A. Toporik, K. Savitsky, L. Mintz,
Unusual alternative splicing within the human kallikrein genes KLK2
and KLK3 gives rise to novel prostate-specific proteins, J. Biol.
Chem. 277 (2002) 18084—18090.

[48] E. Miriami, H. Margalit, R. Sperling, Conserved sequence elements
associated with exon skipping, Nucleic Acids Res. 31 (2003)
1974—-1983.

[49] E.P. Diamandis, Prostate-specific antigen—its usefulness in clinical
medicine, Trends Endocrinol. Metab. 9 (1998) 310—316.

[50] K.M. Slawin, S.F. Shariat, C. Nguyen, A.K. Leventis, W. Song, M.W.
Kattan, C.Y. Young, D.J. Tindall, T.M. Wheeler, Detection of
metastatic prostate cancer using a splice variant-specific reverse
transcriptase-polymerase chain reaction assay for human glandular
kallikrein, Cancer Res. 60 (2000) 7142—7148.

[51] T. Tanaka, T. Isono, T. Yoshiki, T. Yuasa, Y. Okada, A novel form of
prostate-specific antigen transcript produced by alternative splicing,
Cancer Res. 60 (2000) 56—59.

[52] Y. Dong, A. Kaushal, M. Brattsand, J. Nicklin, J.A. Clements,
Differential splicing of KLK5 and KLK?7 in epithelial ovarian cancer
produces novel variants with potential as cancer biomarkers, Clin.
Cancer Res. 9 (2003) 1710—1720.

[53] L. Kurlender, G.M. Yousef, N. Memari, J.D. Robb, I.P. Michael, C.
Borgono, D. Katsaros, C. Stephan, K. Jung, E.P. Diamandis, Differ-
ential expression of a human kallikrein 5 (KLKS5) splice variant in
ovarian and prostate cancer, Tumor Biol. 25 (2004) 149—156.

[54] G. Pampalakis, L. Kurlender, E.P. Diamandis, G. Sotiropoulou,
Cloning and characterization of novel isoforms of the human
kallikerin 6 gene, Biochem. Biophys. Res. Commun. 320 (2004)
54-61.

[55] A. Magklara, A. Scorilas, D. Katsaros, M. Massobrio, G.M. Yousef,
S. Fracchioli, S. Danese, E.P. Diamandis, The human KLKS8
(neuropsin/ovasin) gene: identification of two novel splice variants
and its prognostic value in ovarian cancer, Clin. Cancer Res. 7
(2001) 806-811.

[56] S. Mitsui, A. Okui, K. Kominami, H. Uemura, N. Yamaguchi,
c¢DNA cloning and tissue-specific splicing variants of mouse
hippostasin/TLSP (PRSS20), Biochim. Biophys. Acta 1494 (2000)
206-210.

[57] T. Nakamura, S. Mitsui, A. Okui, T. Miki, N. Yamaguchi, Molecular
cloning and expression of a variant form of hippostasin/KLK11 in
prostate, Prostate 54 (2003) 299-305.

[58] G.M. Yousef, A. Chang, E.P. Diamandis, Identification and character-
ization of KLK-L4, a new Kkallikrein-like gene that appears to be
down-regulated in breast cancer tissues, J. Biol. Chem. 275 (2000)
11891—11898.

[59] N. Heuze-Vourc’h, V. Leblond, Y. Courty, Complex alternative
splicing of the hKLK3 gene coding for the tumor marker PSA
(prostate-specific-antigen), Eur. J. Biochem. 270 (2003) 706—714.

[60] A.R. Baker, J. Shine, Human kidney kallikrein: cDNA cloning and
sequence analysis, DNA 4 (1985) 445—450.

[61] A. Angermann, C. Bergmann, H. Appelhans, Cloning and expression
of human salivary-gland kallikrein in Escherichia coli, Biochem. J.
262 (1989) 787-793.

[62] D. Fukushima, N. Kitamura, S. Nakanishi, Nucleotide sequence of
cloned ¢cDNA for human pancreatic kallikrein, Biochemistry 24
(1985) 8037—-8043.



L. Kurlender et al. / Biochimica et Biophysica Acta 1755 (2005) 1-14 13

[63] L.M. Chen, S.R. Murray, K.X. Chai, L. Chao, J. Chao, Molecular
cloning and characterization of a novel kallikrein transcript in colon
and its distribution in human tissues, Braz. J. Med. Biol. Res. 27
(1994) 1829—-1838.

[64] F. Rae, B. Bulmer, D. Nicol, J. Clements, The human tissue kallikreins
(KLKs 1-3) and a novel KLK1 mRNA transcript are expressed in a
renal cell carcinoma cDNA library, Immunopharmacology 45 (1999)
83-88.

[65] E.R. Sauter, T. Welch, A. Magklara, G. Klein, E.P. Diamandis, Ethnic
variation in kallikrein expression in nipple aspirate fluid, Int. J. Cancer
100 (2002) 678—682.

[66] P.H. Riegman, R.J. Vlietstra, H.A. van der Korput, J.C. Romijn, J.
Trapman, Identification and androgen-regulated expression of two
major human glandular kallikrein-1 (hGK-1) mRNA species, Mol.
Cell. Endocrinol. 76 (1991) 181-190.

[67] X.F. Liu, M. Essand, G. Vasmatzis, B. Lee, I. Pastan, Identification of
three new alternate human kallikrein 2 transcripts: evidence of long
transcript and alternative splicing, Biochem. Biophys. Res. Commun.
264 (1999) 833-839.

[68] J.C. Hu, C. Zhang, X. Sun, Y. Yang, X. Cao, O. Ryu, J.P. Simmer,
Characterization of the mouse and human PRSS17 genes, their
relationship to other serine proteases, and the expression of PRSS17 in
developing mouse incisors, Gene 251 (2000) 1-8.

[69] G.M. Yousef, C.V. Obiezu, L.Y. Luo, M.H. Black, E.P. Diamandis,
Prostase/KLK-L1 is a new member of the human kallikrein gene
family, is expressed in prostate and breast tissues, and is hormonally
regulated, Cancer Res. 59 (1999) 4252-4256.

[70] P.S. Nelson, L. Gan, C. Ferguson, P. Moss, R. Gelinas, L. Hood, K.
Wang, Molecular cloning and characterization of prostase, an
androgen-regulated serine protease with prostate-restricted expression,
Proc. Natl. Acad. Sci. U. S. A. 96 (1999) 3114-3119.

[71] K.S. Korkmaz, C.G. Korkmaz, E. Ragnhildstveit, S. Kizildag, T.G.
Pretlow, F. Saatcioglu, Full-length ¢cDNA sequence and genomic
organization of human NKX3A — alternative forms and regulation by
both androgens and estrogens, Gene 260 (2000) 25-36.

[72] C.V. Obiezu, E.P. Diamandis, An alternatively spliced variant of
KLK4 expressed in prostatic tissue, Clin. Biochem. 33 (2000)
599-600.

[73] J. Clements, J. Hooper, Y. Dong, T. Harvey, The expanded human
kallikrein (KLK) gene family: genomic organisation, tissue-specific
expression and potential functions, Biol. Chem. 382 (2001) 5—14.

[74] K.S. Korkmaz, C.G. Korkmaz, T.G. Pretlow, F. Saatcioglu, Distinctly
different gene structure of KLK4/KLK-L1/prostase/ ARM1 compared
with other members of the kallikrein family: intracellular localization,
alternative cDNA forms, and regulation by multiple hormones, DNA
Cell Biol. 20 (2001) 435—445.

[75] G.M. Yousef, E.P. Diamandis, The new kallikrein-like gene, KLK-L2.
Molecular characterization, mapping, tissue expression, and hormonal
regulation, J. Biol. Chem. 274 (1999) 37511-37516.

[76] K. Yamashiro, N. Tsuruoka, S. Kodama, M. Tsujimoto, Y. Yamamura,
T. Tanaka, H. Nakazato, N. Yamaguchi, Molecular cloning of a novel
trypsin-like serine protease (neurosin) preferentially expressed in
brain, Biochim. Biophys. Acta 1350 (1997) 11-14.

[77] S.P. Little, E.P. Dixon, F. Norris, W. Buckley, G.W. Becker, M.
Johnson, J.R. Dobbins, T. Wyrick, J.R. Miller, W. MacKellar, D.
Hepburn, J. Corvalan, D. McClure, X. Liu, D. Stephenson, J.
Clemens, E.M. Johnstone, Zyme, a novel and potentially amyloido-
genic enzyme cDNA isolated from Alzheimer’s disease brain, J. Biol.
Chem. 272 (1997) 25135-25142.

[78] A. Anisowicz, G. Sotiropoulou, G. Stenman, S.C. Mok, R. Sager, A
novel protease homolog differentially expressed in breast and ovarian
cancer, Mol. Med. 2 (1996) 624—636.

[79] R.L. Strausberg, E.A. Feingold, L.H. Grouse, J.G. Derge, R.D.
Klausner, F.S. Collins, L. Wagner, C.M. Shenmen, G.D. Schuler,
S.F. Altschul, B. Zeeberg, K.H. Buetow, C.F. Schaefer, N.K. Bhat,
R.F. Hopkins, H. Jordan, T. Moore, S.I. Max, J. Wang, F. Hsieh, L.
Diatchenko, K. Marusina, A.A. Farmer, G.M. Rubin, L. Hong, M.

(80]

[81

—

(82

—

(83]

[84

=

(85]

(86]

(87]

(88]

(89]

[90]

[°1]

Stapleton, M.B. Soares, M.F. Bonaldo, T.L. Casavant, T.E. Scheetz,
M.J. Brownstein, T.B. Usdin, S. Toshiyuki, P. Carninci, C. Prange,
S.S. Raha, N.A. Loquellano, G.J. Peters, R.D. Abramson, S.J.
Mullahy, S.A. Bosak, P.J. McEwan, K.J. McKernan, J.A. Malek,
P.H. Gunaratne, S. Richards, K.C. Worley, S. Hale, A.M. Garcia,
L.J. Gay, S.W. Hulyk, D.K. Villalon, D.M. Muzny, E.J. Sodergren,
X. Lu, R.A. Gibbs, J. Fahey, E. Helton, M. Ketteman, A. Madan, S.
Rodrigues, A. Sanchez, M. Whiting, A.C. Young, Y. Shevchenko,
G.G. Bouffard, R.W. Blakesley, J.W. Touchman, E.D. Green, M.C.
Dickson, A.C. Rodriguez, J. Grimwood, J. Schmutz, R.M. Myers,
Y.S. Butterfield, M.I. Krzywinski, U. Skalska, D.E. Smailus, A.
Schnerch, J.E. Schein, S.J. Jones, M.A. Marra, Generation and
initial analysis of more than 15,000 full-length human and mouse
cDNA sequences, Proc. Natl. Acad. Sci. U. S. A. 99 (2002)
16899—-16903.

G.M. Yousef, A. Scorilas, A. Magklara, A. Soosaipillai, E.P.
Diamandis, The KLK7 (PRSS6) gene, encoding for the stratum
comeum chymotryptic enzyme is a new member of the human
kallikrein gene family — genomic characterization, mapping,
tissue expression and hormonal regulation, Gene 254 (2000)
119-128.

S. Mitsui, N. Tsuruoka, K. Yamashiro, H. Nakazato, N. Yamaguchi, A
novel form of human neuropsin, a brain-related serine protease, is
generated by alternative splicing and is expressed preferentially in
human adult brain, Eur. J. Biochem. 260 (1999) 627—634.

S. Yoshida, M. Taniguchi, A. Hirata, S. Shiosaka, Sequence analysis
and expression of human neuropsin cDNA and gene, Gene 213 (1998)
9-16.

G.M. Yousef, E.P. Diamandis, The expanded human kallikrein gene
family: locus characterization and molecular cloning of a new
member, KLK-L3 (KLK9), Genomics 65 (2000) 184—194.

X.L. Liu, D.E. Wazer, K. Watanabe, V. Band, Identification of a novel
serine protease-like gene, the expression of which is down-regulated
during breast cancer progression, Cancer Res. 56 (1996) 3371 -3379.
L. Luo, J.A. Herbrick, S.W. Scherer, B. Beatty, J. Squire, E.P.
Diamandis, Structural characterization and mapping of the normal
epithelial cell-specific 1 gene, Biochem. Biophys. Res. Commun. 247
(1998) 580—586.

G.M. Yousef, A. Scorilas, E.P. Diamandis, Genomic organization,
mapping, tissue expression, and hormonal regulation of trypsin-like
serine protease (TLSP PRSS20), a new member of the human
kallikrein gene family, Genomics 63 (2000) 88—96.

H.F. Clark, A.L. Gurney, E. Abaya, K. Baker, D. Baldwin, J. Brush, J.
Chen, B. Chow, C. Chui, C. Crowley, B. Currell, B. Deuel, P. Dowd,
D. Eaton, J. Foster, C. Grimaldi, Q. Gu, P.E. Hass, S. Heldens, A.
Huang, H.S. Kim, L. Klimowski, Y. Jin, S. Johnson, J. Lee, L. Lewis,
D. Liao, M. Mark, E. Robbie, C. Sanchez, J. Schoenfeld, S. Seshagiri,
L. Simmons, J. Singh, V. Smith, J. Stinson, A. Vagts, R. Vandlen, C.
Watanabe, D. Wieand, K. Woods, M.H. Xie, D. Yansura, S. Yi, G. Yu,
J. Yuan, M. Zhang, Z. Zhang, A. Goddard, W.I. Wood, P. Godowski,
A. Gray, The secreted protein discovery initiative (SPDI), a large-scale
effort to identify novel human secreted and transmembrane proteins: a
bioinformatics assessment, Genome Res. 13 (2003) 2265-2270.
G.M. Yousef, A. Magklara, E.P. Diamandis, KLK12 is a novel
serine protease and a new member of the human kallikrein gene
family-differential expression in breast cancer, Genomics 69 (2000)
331-341.

N. Komatsu, M. Takata, N. Otsuki, T. Toyama, R. Ohka, K. Takehara,
K. Saijoh, Expression and localization of tissue kallikrein mRNAs in
human epidermis and appendages, J. Invest. Dermatol. 121 (2003)
542-549.

G.M. Yousef, A. Magklara, A. Chang, K. Jung, D. Katsaros, E.P.
Diamandis, Cloning of a new member of the human kallikrein gene
family, KLK14, which is down-regulated in different malignancies,
Cancer Res. 61 (2001) 3425-3431.

J.D. Hooper, L. T. Bui, FKX. Rae, T.J. Harvey, S.A. Myers, L.K.
Ashworth, J.A. Clements, Identification and characterization of klk14,



14 L. Kurlender et al. / Biochimica et Biophysica Acta 1755 (2005) 1-14

a novel kallikrein serine protease gene located on human chromosome serine protease identified by degenerate PCR, Biochemistry 40 (2001)

19q13.4 and expressed in prostate and skeletal muscle, Genomics 73 1679-1687.

(2001) 117-122. [93] G.M. Yousef, A. Scorilas, K. Jung, L.K. Ashworth, E.P. Diamandis,
[92] T.K. Takayama, C.A. Carter, T. Deng, Activation of prostate-specific Molecular cloning of the human kallikrein 15 gene (KLK15). Up-

antigen precursor (pro-PSA) by prostin, a novel human prostatic regulation in prostate cancer, J. Biol. Chem. 276 (2001) 53—-61.



	A survey of alternative transcripts of human tissue kallikrein genes
	Introduction
	Methodology
	Alternative splicing in the kallikrein locus
	The coding exons
	The non-coding exons
	Encoded proteins

	Conclusion
	Acknowledgements
	References


