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Abstract

The human kallikrein gene 10 (KLK170) is a member of
the kallikrein gene family on chromosome 19q13.4. This
gene was identified by its downregulation in breast can-
cer, and preliminary evidence suggests that it may act as
a tumor suppressor. A computer-based analysis was
performed on EST and SAGE clones from the Cancer
Genome Anatomy Project and other databases. Experi-
mental verification of differential expression of KLK70in
cancer was performed by PCR using gene-specific prim-
ers. The mRNA and EST analysis allowed the construc-
tion of the longest transcript of the gene and character-
izationofab’ extensionofthereported mRNA. In addition,
seven new splice variants of KLK70 were identified. One
of these variants, named KLK10 splice variant 3 (KLK10-
SV3)which starts with a novel first exon, was experimen-
tally verified. This variant is predicted to encode for the
same protein as the ‘classical’ KLK10 mRNA, since the
first exon is untranslated. One variant mRNA partially

matches with the sequence of KLK70, while the rest of
the mRNA matches with a portion of the polycystic kid-
ney disease gene, found on chromosome 15. This variant
could not be experimentally verified in either normal or
cancerous tissues. There are 39 reported single nucleo-
tide polymorphisms (SNPs) for the gene, in which three
result in amino acid substitutions. SAGE analysis shows
a clear upregulation of KLK170in ovarian, pancreatic, co-
lon, and gastric cancers. The gene is, however, down-
regulated in breast and prostate cancers. A three-fold
decrease in expression levels was noted in actinic kera-
tosis, compared to normal skin from the same patient.
The differential regulation of KLK70in ovarian and pros-
tate cancers was experimentally verified by RT-PCR anal-
ysis. In addition, a significant number of clones were
isolated from carcinomas of the head and neck. Fewer
clones were found in carcinomas of the skin, brain and
prostate. Orthologues were identified in three other spe-
cies, with the highest degree of homology observed with
the mouse and rat orthologues (42% in each). In conclu-
sion new splice variants of the KLK70 gene were identi-
fied. These in silico analyses show a differential expres-
sion of the gene in various malignancies and provide the
basis for directing experimental efforts to investigate the
possible role of the gene as a cancer biomarker.
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Introduction

The human kallikrein gene family is a recently charac-
terized group of serine proteases tandemly located on
chromosome 19q13.4 [1]. Members of this family share
significant homology at both the gene and protein levels.
Recently, all members of this family have been cloned
and identified, and it is now established that it consists of
15 genes designated KLKI1-KLK15. Their corresponding
proteins were named hK1-hK15 [2-4].

KLK10, previously known as the normal epithelial
cell-specific 1 (NES1) gene, was cloned by subtractive
hybridization between a radiation-transformed and a
normal breast cancer cell line [5]. KLK10 is expressed in
normal mammary epithelial cells but it is dramatically
downregulated in breast cancer. KLKI(0 spans about
5.5 kb of genomic sequence and is formed of six exons,
the first being untranslated, and five intervening introns
[6]. The protein product of KLK10, hK10, is a predicted
secreted serine protease with trypsin-like activity.

Although the biological functions of KLKI0 are un-
known, the gene was found to be associated with endo-
crine-related malignancies such as breast and ovarian
cancers. Therole of KLLK10 as a candidate tumor suppres-
sor has been reported [7].

In this study, we analyzed all known mRNA clones of
KILK10, in addition to 130 EST clones and the SAGE da-
tabases, to examine the differential expression of the gene
in normal and cancerous tissues. We experimentally test-
ed the differential expression of KLK10 in ovarian and
prostate cancers. We also identified seven new splice vari-
ants.

Materials and Methods

In silico Analysis
KLKI10 ESTs and mRNA clones are obtained from the nonre-
dundant (nr) and EST databases of the National Center for Bio-
technology Information (NCBI) (http://www.ncbi.nlm.nih.gov/)
and the University of California at Santa Cruz (UCSC) (http://
www.ucsc.edu/).
Information on the KLK10 gene was obtained from the follow-
ing databases and web sites:
e The UniGene clusters (http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?db = unigene).
e The OMIM databases (http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?db = OMIM).
e The Swiss-Prot protein knowledgebase (http://us.expasy.org/
sprot/).
e The MEROPS databases (http://merops.sanger.ac.uk/).
e The GenCards™ web site (http://genecards.begsc.ca/cgi-bin/
randomize.pl).
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e The Human Gene Nomenclature database (Genew) (http://
www.gene.ucl.ac.uk/cgi-bin/nomenclature/searchgenes.pl).

¢ The CleanEx database of gene expression profiles (http://www.
cleanex.isb-sib.ch/).

¢ The GenAtlas database: human gene database (http://www.dsi.
univ-paris5.fr/genatlas/).

¢ The GeneLynx database; a portal to the human and mouse ge-
nomes (http://www.genelynx.org/).

¢ The Stanford Online Universal Resource for Clones and ESTs
(SOURCE) (http://genome-www3.stanford.edu/cgi-bin/SMD/
source/sourceSearch).
¢ The Gene Ontology (GO) database (http://www.geneontology.
org/).

e The BLOCKS database; a protein domain database (http://
www.blocks.fhere.org/).

¢ The Protein Data Bank; a repository for 3D biological macro-
molecular structure data (http://www.rcsb.org/pdb/).

Multiple alignments were performed using the ‘Clustal W’ soft-
ware package [8], and the BLAST programs of the NCBI, and were
manually edited. Splice variants were identified using multiple
alignments of sequences obtained from the GenBank, UniGene
and the UCSC databases. EST and mRNA sequences were com-
pared to the reference genomic sequence of KLK10 (GenBank Ac-
cession No. AF055481). Alignment viewings were done using the
‘boxshade’ (www.ch.embnet.org/software/BOX_form.htm 1) and
‘chroma’ (www.lg.ndirect.co.uk/chroma/) programs. Taxonomy in-
formation was obtained from the HomoloGene and taxonomy
browsers at the NCBI (http://www.ncbi.nlm.nih.gov).

Analysis of KLKI0 gene expression in cancer was performed
through the Cancer Genome Anatomy Project (CGAP) databases.
EST information was obtained from the GenBank and CGAP web
servers. The mRNA sequence of the gene was used to identify
unique sequence tags of UniGene clusters and two restriction diges-
tion enzymes (Nlalll and Sau3A) were used as anchoring enzymes.
These sequence tags were then used to determine the levels of ex-
pression in the SAGE libraries. Detailed information for these li-
braries is available from the CGAP website (http://www.ncbi.nlm.
nih.gov/ncicgap/). Analyses were performed by comparing the pro-
portion of libraries of each type (cancer vs. normal) that show ex-
pression of each tag, in addition to the average expression densities
in these libraries. If more than one tag of the same gene appears in
the same library, we only included the one with the peak level of
expression (maximum tags per million, tpm); the other tags were
excluded to avoid overestimation of expression.

Reverse Transcriptase Polymerase Chain Reaction

Total RNA was extracted from cell lines and tissues using Trizol
reagent (Invitrogen, Carlsbad, Calif., USA) following the manufac-
turer’s instructions. RNA concentration was determined spectro-
photometrically. Two micrograms of total RNA were reverse-tran-
scribed into first strand cDNA using the Superscript™ pre-ampli-
fication system (Invitrogen). The final volume was 20 pl. Different
sets of gene-specific primers were designed for KLK10 (table 1), and
PCR was carried out in a reaction mixture containing 1 pl of cDNA,
10 mM Tris-HCI (pH 8.3), 50 mM KCl, 1.5 mM MgCl,, 200 uM
deoxynucleoside triphosphates (ANTPs), 150 ng of primers and 2.5
units of HotStar™ Taq DNA polymerase (Qiagen Inc., Valencia,
Calif., USA) on an Eppendorf MasterCycler™. The cycling condi-
tions were 95°C for 15 min to activate the Taq DNA polymerase,
followed by 30 cycles of 94°C for 30 s, annealing (temperatures
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Table 1. Primers used for PCR amplification of the KLK10 gene

Experiment Primer name and sequence?® Annealing
temp., °C

Splice variant 3 KLK10-SV3-F  CTT CCT CCT TCC TCT TCC ACA GTC 67
KLK10-SV3-R  GTCAGCACCCAACTCTGGTCCAC

Translocation variant? KLK10-T-F TAAAGTCATACGACTCCAACTG 55.5
KLK10-T-R ACTTTAGTATGTAGTAATAAAGAAC

Cancer tissue expression® KLK10-TE-F GGAAACAAGCCACTGTGGGC 60
KLK10-TE-R GAGGATGCCTTGGAGGGTCTC

 All primers are presented in 5’ — 3’ direction. ® See figure 1, EST AW999510. © See figure 2.

Table 2. Access information of the KLK10 gene as obtained from
different databases

Table 3. Access information of the hK 10 protein as obtained from
different databases

Gene name® Human tissue kallikrein gene 10 Official symbol hK10
Official symbol KLKI10 Swiss Prot ID 043240
Synonyms NESI1, PRSSL1 Merops ID S01.246
GenBank accession NM_002776 (mRNA) MWw? 30.1 kDa
AF055481 (genomic structure) Signal peptide 33 aa
UniGene Cluster Hs. 2754641 Isoelectric point 8.95
OMIM 602673 Activation peptide 9 aa
GeneCards ID GC19MO056193 Mature protein 234 aa
Genew ID HGNC:6358; KLK10 Cysteine residues® 12 aa
CleanEx ID HGNC:6358; KLK10 Predicted substrate specificity Trypsin-like
GeneLynx ID KLK10; Homo sapiens: Hs 6547
GenAtlas ID KLK10 aa = Amino acid.
GO ID GO0:0008236 2 Excluding post-translational modifications.
SOURCE ID KLK10; Homo sapiens > Number of residues in the mature enzyme.
BLOCKS ID 043240

2 For full names and web site addresses, please see the Materials
and Methods section.

shown in table 1) for 30's, 72°C for 1 min and a final extension step
at 72°C for 10 min. Equal amounts of PCR products were electro-
phoresed on 2% agarose gels and visualized by ethidium bromide
staining. All primers for RT-PCR spanned at least two exons to
avoid contamination by genomic DNA. To verify the identity of
the PCR products, they were cloned into the pCR 2.1-TOPO vec-
tor (Invitrogen) according to the manufacturer’s instructions. The
inserts were sequenced from both directions using vector-specific
primers, with an automated DNA sequencer.

Normal and Malignant Tissues

Prostate tissue samples were obtained from seven patients who
had undergone radical retropubic prostatectomy for prostatic ad-
enocarcinoma. Fresh prostate tissue samples were obtained from
the cancerous and noncancerous parts of the same prostate that had
been removed. Histological analysis was performed to ensure that
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the tissue was either malignant or benign. Normal ovarian cDNA
was obtained from the Gene Pool™ cDNA collection (Invitogen).
Ovarian tumor tissues were obtained from patients who had under-
gone surgery for primary ovarian carcinoma.

Results

Analysis of the KLK10 mRNA Sequence and Splice

Variants

Access information for the KLK 10 gene and its protein
product from different databases are listed in tables 2
and 3. There are five published mRNA sequences for
KLKI0 (table 4, fig. 1). These represent two variants of
the gene, named KLK10 splice variant 1 (SV1) and splice
variant 2 (SV2). Both variants share the same coding re-
gion, with the last four exons (exons 3-6) being identical.
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Fig. 1. Diagrammatic representation of KLK0 splice variants. Solid boxes represent exons and connecting lines
are introns. Exon lengths are indicated in base pairs inside boxes. SV = Reported splice variant; EST = potential
new variants obtained from EST analysis. For detailed information and full names, see text.

Table 4. Reported KLK10 mRNA sequences

Variant type GenBank ID Length Reference
accession bp

Splice variant 1 NM_002776 Homo sapiens kallikrein 10 (KLK10), transcript variant 1 1,580 NCBI ref. seq.
BC002710 Homo sapiens kallikrein 10 1,542 -

Splice variant 2 AF055481 Homo sapiens kallikrein 10 1,442 [6]
NM_145888 Homo sapiens kallikrein 10 (KLK10), transcript variant 2 1,443 NCBI ref. seq.
AF024605 Homo sapiens serine protease-like protease (NES1) 1,454 [5]

They have, however, different first exons. The first exon
of KLK10-SV1 is located further upstream (fig. 1). In ad-
dition, KLLK10 splice variant 1 has a 3-bp 5’ extension of
exon 2. Before our analysis, GenBank accession No.
AF024605 was the longest available clone of KLKI0
splice variant 2. However, analyses of 130 KLK10 ESTs
from different databases indicated the presence of five
clones with 5" extension of exon 1 of splice variant 2. The
longest clone has a 5’ extension of 66 bp. This 5’-extend-
ed mRNA has been deposited in GenBank (accession No.
AY561635) and is shown in figure 1. Clone AF024605
has the following variations compared with the other sub-
missions of the same variant. A single nucleotide deletion
(G) at position 73 and a nucleotide change from C to T
at position 379. Clone NM_145888 (the same variant)
has the following nucleotide changes; G to T at position
230; C to A at position 400; G to C at position 1418; A
to G at position 505; C to T at position 528; and Cto T
at position 1238. There is also a single nucleotide inser-
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tion (G) at position 1377 (all numbers refer to GenBank
accession No. AF024605).

There are two clones that represent KLK10 splice vari-
ant 1 (table 4). Clone BC002710 is 9 bp longer at its 5’
end but is 72 bp shorter than NM_002776 at the 3’ end.
The 3’ end of BC002710 is verified by the presence of
apoly A tail of 24 nucleotides, whereas the 3’ end of
NM_002776 is similar to that of splice variant 2 but does
not end with a poly A tail. Likely, these two clones repre-
sent two different variants with variable 3’ end. The 5’
end, cannot be conclusively verified for either clone.
Clone NM_002776 has the following changes compared
to clone BC002710: T replaces G at position 376; A in-
stead of C at position 546; C instead of G at position 564;
G instead of A in position 651; T instead of C at position
674, and T instead of C at position 1384 (numbers refer
to GenBank Accession No. BC002710). It is worth men-
tioning that these polymorphisms are similar to those ob-
served in splice variant 2.
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Table 5. Summary of the 39 reported SNPs the KLK10 sequence

3" UTR SNP 5" UTR SNP

ref. SNP ID nt change ref. SNP ID nt change
rs1698 C—-A 152569454 T-C
rs9524 T-C rs2691209 A-G
rs10426 T-C rs3760737 G—-A
rs1802056 A—-C rs4417638 T—-A

rs7259651 A-G

Exonic SNPs

ref. SNP ID nt change aa change aa position
rs3745535 -G Ser — Ala 50
rs3097885 G-T Arg— Met 145
152075690 T-C Leu — Pro 149
rs1061368 G-C - -
rs2075688 C—A - -
1rs2075689 G—A - -

Intronic SNPs

ref. SNP ID nt change refSNP ID nt change
rs2075687 A-G 1s2569453 C-G
1rs2075691 G—A rs3745536 G—A
152075692 A-G rs6509512 T-C
rs2075693 T-C rs7250580 A-G
1rs2075695 T-C 1s7255834 T-C
152075696 C-T rs7255930 T-C
152304157 G-C 1s7259451 G-T
1s2569451 C-T rs8107630 A-T
1s2569452 G—C

SNPs flanking the gene

5" end 3" end

refSNP ID nt change refSNP ID nt change
rs1140280 T-C 152739434 A-G
rs1802055 G—A rs2739433 T-C
rs3760738 G—-A 187256975 G—-A

1s2569449 C-T

nt = Nucleotide; aa = amino acid.

Two EST clones were identified, AW378611 and
AW378618, which have a 3’ extension of the longest and
last exon of both variants (exon 6, fig. 1). There is neither
a poly A tail nor a polyadenylation signal at the end of
these ESTs, thus the exact 3’ extension of these mRNAs
cannot be accurately determined.

Single Nucleotide Polymorphisms

As shown in table 5, there are 39 reported SNPs in the
KLK10 sequence. Four SNPs occur in the 3’ UTR of the
sequence, and five are located in the 5" UTR. There are
17 intronic SNPs, and seven SNPs that are found in re-
gions flanking the mRNA sequence of the gene (we denote

KIL.K10 Gene Expression and Splice
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these as ‘locus SNPs’). Three are located in the 5’ end and
four in the 3’ end. There are six SNPs throughout the ex-
ons of the gene, of which three are predicted to result in
an amino acid change. SNP rs2075690 replaces a T with
a C which results in an amino acid change from leucine
to proline. SNP rs3097885 replaces G with T and chang-
es arginine to methionine. SNP rs3745535 replaces T
with a G and results in changing serine to alanine.

Identification of New Splice Variants of KLK10

Comprehensive analysis of 130 EST clones from vari-
ous databases identified the following new KLK10 splice
variations (fig. 1):

(1) A new splice variant has a different first exon that
is located further upstream from the two known variants.
We experimentally verified this variant by RT-PCR anal-
ysis using variant-specific primers (table 1). No further
potential upstream translation start sites were identified
in exon 1 for this variant and it is likely that the encoded
protein product will be identical to those of SV1 and SV2.
The sequence of this variant was deposited in GenBank
as KLK10 splice variant 3 (SV3) (GenBank accession No.
AY561634).

(2) Clone AW999510 matches partially with exons 5
and 6. From the middle of exon 6, the last 107 nucleotides
of the clone match 100% with a hypothetical protein on
chromosome 15q15. It should be noted, however, that
this variant might be a chimeric clone that represents a
technical artifact. Further experimental verification is,
therefore, needed.

(3) Three EST clones AW381905, BE 152152, and AW
381922 have a 5’ extension of exon 3, the longest being a
60-bp extension, ending with a conserved AG splice ac-
ceptor site. These clones were found in a head and neck
cancer cell line.

(4) Clone AW378611 and AW378618 have a 127 bp
3’ extension of the last exon. There is no poly A tail at
the end, so the possibility for further 3’ extension still ex-
ists.

(5) An EST clone, AW797746, isolated from a uterus
library, has an alternative splice donor site 103 nucleo-
tides upstream in exon 4 with a conserved GT donor site
and a new downstream acceptor site of exon 5.

(6) Another clone, BE934269 matches partially in its
5" end (first 200 nucleotides) with exon 6 of KLK10. The
last 150 nucleotides match a sequence of a BAC clone of
chromosome 4 that partially represents an intronic se-
quence, continuing as the polycystic kidney disease 2
mRNA. We failed to amplify this variant from a number
of randomly selected normal and malignant tissues.

Tumor Biol 2005;26:227-235 231



Table 6. In silico analysis of KLKI0 gene expression using the
SAGE database

Tissue Library type Positivity?® Average
density (tpm)®
Breast normal 4/8 (50%) 85
cancer 0/24 (0%) 0
Ovary normal 1/2 (50%) 20
cancer 6/11 (66%) 179
Prostate normal 2/4 (50%) 145
cancer 3/12 (25%) 30
Stomach normal 0/1 (0%) 0
cancer 2/3 (67%) 196
Colon normal 0/2 (0%) 0
cancer 1/6 (17%) 131
Pancreas normal 0/2 (0%) 0
cancer 4/6 (67%) 52
Skin® unaffected® N/A 605
actinic keratosis® 198
melanoma 38

N/A = Not applicable.

2 Defined as the number of libraries with positive gene-specific
tags out of the total number of libraries screened.

® Tags per million (tpm).

¢ Two libraries were prepared from the same patient with af-
fected and unaffected skin.

(7) BE183486 has a split last exon with an intervening
123 nucleotides of intronic sequence. The splice donor
splice is conserved (GT) but the splice acceptor site is
not.

(8) Clone BI014258 is identical (100% match) with
300 bp of sequence in Intron II (not shown).

(9) Four clones, BM 353613, BU078698, AI273968
and AW117915 have 95% similarity with another frag-
ment of intron II (not shown).

In silico SAGE Expression Profile

The expression pattern of KLK10 in normal and can-
cer libraries, analyzed using the SAGE databases, is sum-
marized in table 6. Our findings clearly verify that KLK10
is downregulated in breast cancer tissues. KLK10-specif-
ic tags were detected in 50% of normal breast, with an
average expression level of 85 tpm, as compared to no
expression in any of 24 cancer libraries. This downregula-
tion is also noted in prostate cancer (average expression
of 145 vs. 30 tpm, in normal and cancer libraries, respec-
tively).

The expression level of KLK10, on the other hand, is
significantly upregulated in ovarian cancer. High expres-
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sion density (179 tpm) was found in cancer libraries com-
pared to 20 tpm in normal ovarian libraries. Upregula-
tion is also observed in cancers of the gastrointestinal
tract. In gastric and colon cancers, high expression levels
were found (196 and 131 tpm, respectively) compared to
no expression in normal counterparts. The same pattern
was observed in pancreatic cancer. Gene-specific tags
were detectable in 67% of pancreatic cancer with an aver-
age density of 52 tpm.

Comparing two libraries representing the affected and
unaffected skin from a patient with actinic keratosis
shows a significant drop in expression in the affected,
compared to the normal skin (198 vs. 605 tpm, respec-
tively). Low expression levels were seen in melanoma of
the skin. Comparable levels of expression were seen in
the normal brain and brain tumors (data not shown).

High expression (197 tpm) was also observed in the
normal cervix. Moderate expression (85 tpm) was seen in
a primary mesothelioma library. Lower levels of KLK10
are expressed in lung, eye, normal lymph node (20 tpm),
and normal white blood cells (31 tpm) (data not shown).

The EST Expression Profile

The EST expression profile of KLK10 is summarized
in table 7. The EST results were consistent with the SAGE
data, showing downregulation in breast cancer (25 clones
from 5 normal libraries vs. a single clone from one cancer
library). Significant upregulation was observed in ovarian
cancer (20 clones from 3 cancer libraries, compared to no
clones from normal ovary libraries), and endometrial ad-
enocarcinoma (13 clones, all isolated from cancer librar-
ies). The same upregulation pattern was also seen in can-
cers of the gastrointestinal tract (colon, gastric, pancre-
atic and esophageal). In the pancreas, two clones were
identified from normal libraries, while 18 clones were iso-
lated from cancer tissues. While four clones were identi-
fied from the normal prostate, only one clone was found
in prostate cancer.

Twenty clones were found in 13 libraries of carcinoma
of the head and neck. Other cancers showed few positive
clones, including astrocytoma of the brain and squamous
cell carcinoma of the skin. No significant difference was
observed between normal and cancer libraries in the tes-
tis and lung. Few clones were isolated from normal liver,
skeletal muscle, and eye.

We experimentally verified the up-regulation of
KLKI10in ovarian cancer by RT-PCR analysis. While the
gene was not detectable in the pool of normal ovarian tis-
sues analyzed, a band was noted in seven out of ten can-
cers (fig. 2). A moderate downregulation was seen in pros-
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Table 7. Analysis of KLK10 expression in the EST databases

Tissue Library type Matching Number of
clones positive libraries
Breast normal 25 5
carcinoma 1 1
Ovary normal 0 0
adenocarcinoma 20 3
Uterus normal 0 0
carcinoma 13 5
Colon normal 0 0
adenocarcinoma 10 8
Stomach normal 0 0
carcinoma 9 3
Pancreas normal 2 1
adenocarcinoma 18 2
Esophagus normal 0 0
carcinoma 1 1
Prostate normal 4 2
carcinoma 1 1
Head and neck normal 0 0
carcinoma 20 13
Brain normal 0 0
astrocytoma 4 1
Skin normal 0 0
carcinoma 2 1
Testis normal 2 1
carcinoma 1 1
Lung normal 5 3
carcinoma 2 2
Liver normal 2 1
carcinoma 0 0
Skeletal muscle normal 2 1
carcinoma 0 0
Eye normal 6 1
carcinoma 0 0

tate cancer. In four patients, bands of weaker intensity
were obtained from the cancerous portion, when com-
pared to the normal counterpart of the same patient. Ap-
proximately equal expression was seen in two pairs and
higher cancer expression in one pair (data not shown).

Taxonomy Analysis

Taxonomy analysis of the KLKI0 gene is shown in
table 8. KLLK10 orthologues were identified in three other
species in addition to human. The length of the hK10
polypeptide is comparable in all species with the longest
being the human protein. The mouse and rat orthologues
showed the highest degree of sequence homology to hu-
man (42% each).

KI.K10 Gene Expression and Splice
Variants

M N c1 C2 cC3

C4 C5 C6 C7 C8 C9 Neg.

Fig. 2. A representative gel showing KLK10 expression in normal
and cancerous ovarian tissues by RT-PCR. M = Molecular weight
marker; N = normal; C = cancer; -ve = negative control. Note high
expression in 7/9 cancerous tissues.

Discussion

The Cancer Genome Anatomy Project (CGAP) is an
international effort implemented by the National Cancer
Institute (NCI) to create a catalog of the genes associated
with cancer, and to develop technological tools to support
the analysis of the molecular profiles of cancer cells and
their normal counterparts [9]. Gene expression data con-
tained in the electronic databases at the CGAP can be
used to identify potentially informative marker genes ex-
pressed in cancer. In recent years, these databases are now
being used successfully [10-12] and results obtained from
in silico analyses have now been experimentally verified
in many cases.

The reliability of our analysis was verified by compar-
ing the in silico pattern of kallikrein expression in all nor-
mal tissues with previously published reports on kalli-
krein expression [2, 12, 13]. The results were in general
agreement with PCR and Northern blotting data [2, 13-
16]. For example, our SAGE and EST data indicate that
KI.K2-4 are highly expressed in the prostate, while KLK5
is highly expressed in normal breast tissue and skin, which
is in agreement with published experimental reports [16,
17].

There is significant evidence that KLK10 is linked to
endocrine related malignancies such as ovarian, breast,
testicular and prostate cancer with differential expression
in cancer compared to normal counterparts [18]. The
downregulation of KLK10 in breast cancer has already
been documented by experimental evidence. KLK10 was
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Table 8. Summary of KLK10 taxonomy results

Species Name GenBank Length? Degree of Map
accession homology location
H. sapiens KLK10 043240 276 100% 19q13.4
M. musculus kallikrein 7; Protease, serine, 6; thymopsin NP_036002 228 42% 7B2
R. norvegicus NRPN_RAT neuropsin precursor (NP) 088780 225 42% 122
(kallikrein 8) (brain serine protease 1)
D. melanogaster T13596 trypsin homolog — fruit fly T13596 227 33%

2 Number of amino acids.

first discovered by its dramatic downregulation in a breast
cancer cell line [5]. When KLK 10 was transfected into this
breast cancer cell line and injected into nude mice, an-
chorage-independent growth was reduced [7]. KLKI10
mRNA expression decreases during tumor progression
[19]. Hypermethylation has been suggested to be respon-
sible for the tumor-specific loss of KLK1( expression in
breast cancer [20].

The in silico ovarian expression data are supported by
recently published reports on the possible value of hK10
as a tumor marker for ovarian cancer. Serum hK10 con-
centrations are significantly elevated in 56% of ovarian
cancer patients compared to normal individuals [21].
hK10 concentration was also found to change during
ovarian cancer progression. High concentrations of se-
rum hK10 are associated with advanced disease stage,
serous histological type, suboptimal debulking, and large
residual tumor [22]. Patients with tumors expressing high
hK10 levels were more likely to die and relapse when
compared to tumors expressing low hK10 levels [22]. Re-
cently, KLK10 overexpression in ovarian cancer was also
detected by microarray analysis [23-25].

An interesting finding is the upregulation of the gene
in three different cancers of the gastrointestinal tract. Ex-
perimental verification is warranted and the possible di-
agnostic/prognostic role of KLLK10 in these malignancies
should be investigated further. Our data also points to
the possible involvement of the KLK10 gene in the patho-
genesis of skin diseases. Two kallikreins, KLK5 and
KILK7, are expressed at high concentrations in the epider-
mis and were shown to be involved in skin diseases [26,
27]. It will be interesting to examine the possible interac-
tion between different kallikreins in the pathogenesis of
skin disease.

Splice variants are common among kallikreins. To
date, over 50 splice variants have been identified for this

234 Tumor Biol 2005;26:227-235

family [1, 18]. Characterization of all splice variants for
each gene is important. In addition to any potential phys-
iological significance, these variants have the potential of
being used for diagnostic applications. Slawin et al. [28]
reported the prognostic significance of a splice variant-
specific RT-PCR for KLK?2, in detecting prostate cancer
metastasis. Nakamura et al. [29 reported differential ex-
pression of the brain and prostate types of KLKI1 be-
tween benign, hyperplastic and malignant prostate cancer
cell lines.

The presence of KLK10 orthologues points to the pos-
sibility of a preserved function among species. Recent
reports indicate that the human and mouse loci are very
similar and that the orthologues of the 15 human kalli-
kreins are found in the same order in the syntenic locus
(chromosome 7) in the mouse [14, 18, 30, 31]. Similar
data were published for the rat [32]. Knockout animal
models may provide a useful tool to improve our under-
standing of the physiological role of kallikreins.

It should be noted that our results are based mainly on
database analyses. This in-silico approach has been in-
creasingly and successfully used in recent years. These
findings, however, should be experimentally verified. Our
analyses provide the foundation for new research direc-
tions towards a better understanding of the role of this
gene in normal physiology and physiopathology, and its
clinical utility.

Yousef/White/Michael/Cho/Robb/
Kurlender/Khan/Diamandis
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