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ABSTRACT

Purpose: The newly discovered human kallikrein 15 gene KLK15 has been shown in prelimi-
nary analysis to be associated with more aggressive types of prostate cancer. We quantitatively
measured and compared gene expression of KLK15 in malignant and benign prostate tissues.

Materials and Methods: Matched prostate tissue samples from the cancerous and noncancer-
ous parts of the same prostates were obtained from 90 patients who underwent radical prosta-
tectomy. Quantitative reverse transcriptase-polymerase chain reaction using SYBR Green I and
the LightCycler system (Roche Applied Science, Mannheim, Germany) was performed.
Associations of KLK15 expression with clinicopathological parameters were analyzed.

Results: KLK15 over expression in cancerous versus noncancerous tissue was found in 76 of the 90
patient samples (84.4%, p �0.001). The ratio of cancerous-to-noncancerous KLK15 expression tended
to be higher in patients with stage pT3/4 versus pT2 tumors (p � 0.1). KLK15 expression tended to
be higher in grade 3 than in grade 2 tumors and in Gleason score 7 or greater than in Gleason score
less than 7 tumors (p � 0.18 and 0.23, respectively). A 1.7 cutoff at the 40th percentile provided a
significant difference in stages pT2 and pT3/4 tumors (p � 0.029).

Conclusions: On quantitative real-time polymerase chain reaction KLK15 expression was
significantly higher in cancerous than in noncancerous tissue. Up-regulation of the KLK15 gene
in advanced and more aggressive tumors may indicate a possible role for KLK15 protein as future
serum marker for prostate cancer and for distinguishing tumor aggressiveness.
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Prostate cancer is the most common neoplasm in men in
Western countries. Prostate specific antigen (PSA) is the best
available serum tumor marker. However, PSA lacks specific-
ity because of increasing levels in benign prostate diseases.1

The determination of free PSA and its ratio to total PSA is
now clinically established and it is used to reduce the number
of unnecessary prostate biopsies.1, 2 Furthermore, it has been
shown that human glandular kallikrein 2 (hK2) may add
significant information to distinguish prostate cancer and
benign prostate hyperplasia in the PSA range of 2 to 10
ng./ml.3, 4 PSA and hK2 are serine proteases and their re-
lated genes KLK3 and KLK2 belong to the same gene family,
namely the human tissue kallikrein gene family. In the last
3 to 4 years 12 new members of this family have been iden-
tified.5 All 15 kallikrein genes share significant homologies
and are clustered within a 300 kb region on human chromo-
some 19q13.4. These kallikreins KLK1 to KLK15, encoding
for hK1 to hK15, respectively, were named with a new no-
menclature.6

A recently described new kallikrein gene is KLK15, which
is the centromeric neighbor of the PSA gene, whereas KLK2
is the telomeric neighbor.7 Preliminary analysis showed that
this gene is up-regulated in prostate tumor tissue compared
with normal tissue of the same prostate gland.7 In contrast,

PSA is down-regulated in cancerous tissue compared with
normal tissue at the mRNA8 and protein9 levels. In cancer-
ous tissue hK2 also shows down-regulation.9 The strong cor-
relation of PSA with the hK2 concentration in malignant and
benign tissue suggests that these kallikreins may be regu-
lated by similar mechanisms.9 Interestingly Takayama et al
showed that hK15, which was named prostin, can better
activate conversion of the proform of PSA, pro-PSA, to active
PSA than hK2.10 This finding implicates a possible impor-
tant physiological role of KLK15 for regulating PSA activity.

We investigated KLK15 expression in malignant and
benign matched prostate tissue by quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR). Based on
our preliminary results from qualitative expression analysis
of KLK15 in matched prostate tissue7 and from quantitative
analysis of the prostate gene PART-111 we measured this
new kallikrein gene in a large cohort to examine the possible
relationships with stage, grade and other parameters using
new real-time PCR technology, that is a LightCycler.

MATERIALS AND METHODS

Study population. Matched prostate tissue samples were
obtained from 90 patients with a median age of 63 years
(range 50 to 75) who underwent radical open or laparoscopic
prostatectomy for prostatic adenocarcinoma between March
1997 and April 2001 at University Hospital Charité, Berlin,
Germany. For at least 2 to 4 weeks before surgery hormonal
therapy was administered in 10 of the 90 patients who were
also analyzed separately, whereas the remaining 80 did not
receive any hormonal therapy. The ethics committee at
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Charité Hospital approved the use of these tissues for re-
search purposes. A total of 44 cases were stage pT2, 45 were
stage pT3 and 1 was stage pT4 (positive margin at bladder
neck). WHO grade was 2 and 3 in 53 and 37 patients, respec-
tively. Gleason score was less than 7 in 41 and 7 or greater in
43 patients, whereas it was not available in 6. Positive sur-
gical margins were noted in 45 patients, whereas 45 had
negative surgical margins.

Tissue preparation and primer design. Fresh prostate tis-
sue samples were obtained from the cancerous and noncan-
cerous parts of prostatectomy specimens. Small pieces of
tissue were grossly dissected by an experienced pathologist
(G. K.) immediately after prostate removal, snap frozen and
stored in liquid nitrogen until analysis, as described previ-
ously.12 Because only 1 pathologist was involved in tissue
selection, we could only include a subset of all patients who
underwent surgery in this period. Histological analysis of
paraffin embedded tissue was performed by a single pathol-
ogist to verify the diagnoses. Only tumor samples that were
completely surrounded by malignant tissue according to this
analysis were used in this study. We also did not include any
samples in which benign prostate glands were more than
10% of the total mass. In this way contamination of the
tumor samples with benign prostate glands was minimized.
Most tumors were located dorsolateral in the prostate periph-
eral zone. Tissue characterized as normal was usually ob-
tained from the inner zone of the contralateral lobe. Histo-
logically many of these samples showed mild glandular
hyperplasia. Study exclusion criteria were prominent inflam-
matory infiltrates, lack of epithelium due to stromal hyper-
plasia and prostatic intraepithelial neoplasia.

Tissues were pulverized with a hammer under liquid ni-
trogen. RNA was extracted using an RNeasy kit (Qiagen,
Valencia, California) according to manufacturer instructions.
RNA concentration was determined by spectrophotometry.
Total RNA (2 �g.) were reverse transcribed into first strand
cDNA using the Superscript II pre-amplification system (Life
Technologies, Rockville, Maryland). In addition to previously
described primers for KLK15,7 new primers were designed
that amplify a specific product of 452 bp for KLK15 (Gen-
Bank accession No. AF242195). The primer sequences were
forward 5�-TGTGGCTTCTCCTCACTCC-3� and reverse 5�-
AGGCTCGTTGTGGGACAC-3�. Primers for �-actin were
used as described previously.11

Quantitative RT-PCR. Quantitative RT-PCR was per-
formed on the LightCycler instrument using SYBR Green I
dye. The real-time PCR reaction and preparation of calibra-
tion curves as well as estimation of intrapatient variation
were performed as described earlier.13 For each sample the
amounts of the target and the housekeeping gene (�-actin)
were determined. The ratio of KLK15-to-�-actin was calcu-
lated as the normalized value. The PCR reaction mixture for
KLK15 consisted of 12.6 �l. water, 2.4 �l. (4 mM.) MgCl2, 0.5
�l. (200 ng.) primers, 2 �l. LightCycler Fast Start DNA
Master SYBR Green I and 2 �l. cDNA. Cycling conditions
were initial denaturation at 95C for 10 minutes, followed
by 32 cycles of denaturation at 95C for 1 second, annealing
at 64C for 4 seconds and extension at 72C for 25 seconds.
The temperature transition rate was set at 20C per second. The
fluorescent signal was acquired at 92C for 4 seconds after
each cycle.

For �-actin the PCR reaction mixture consisted of 15.2 �l.
water, 0.8 �l. (2 mM.) MgCl2, 0.5 �l. (150 ng.) primers, 2 �l. of
LightCycler Fast Start DNA Master SYBR Green I and 1 �l.
cDNA. Cycling conditions were initial denaturation at 95C for
10 minutes, followed by 35 cycles of denaturation at 95C for 0
seconds, annealing at 62C for 5 seconds and extension at 72C
for 40 seconds. Fluorescence was acquired at 85C for 5 seconds
after each cycle. To demonstrate the reliability of the whole
measurement procedure (RNA isolation, cDNA synthesis and
RT-PCR) and intrapatient variation 3 to 5 separate meas-

urements were performed in samples of 7 patients. The coeffi-
cient of variation was between 10% and 16%.

Statistical assessment. Statistical analyses were performed
with SAS software (SAS Institute, Cary, North Carolina) and
SPSS 10.0 software for Windows (SPSS, Chicago, Illinois).
Associations of clinicopathological parameters, such as stage,
WHO grade, Gleason score, PSA, percent free PSA and
KLK15 expression, were analyzed by ANOVA, the Mann-
Whitney U test, the Fisher exact test, the Spearman rank
correlation coefficient or the Wilcoxon signed ranks test as
appropriate. An optimal cutoff point was adjusted to find
possible differences in clinicopathological parameters. Signif-
icance was considered at p �0.05.

RESULTS

Comparing the 10 patients (KLK15 over expression in 9)
who received antiandrogen therapy before radical prostatec-
tomy with the remaining 80 (KLK15 over expression in 67)
without any therapy before surgery revealed a significant
difference only in median preoperative PSA concentration
(1.25 versus 8.0 ng./ml., p � 0.003). All other parameters,
including �-actin expression (p � 0.87), KLK15 (p � 0.69)
and the ratio of KLK15-to-�-actin (p � 0.36), showed no
differences in the 2 groups (all p between 0.15 and 0.8).
Therefore, we considered all patients as a single group of 90.
Since each KLK15 value was divided by the endogenous
control value (�-actin) to determine the normalized value,
this ratio was used as an aggregate of KLK15 expression. All
KLK15 value determinations were performed in duplicate.

The figure shows that KLK15 expression was higher in
cancerous tissue in 76 patients (84.4%) and lower in 14
(15.6%, p �0.001). An expression value of greater than 1
indicates higher expression in the cancerous than in the
noncancerous part of the prostate gland. Mean KLK15 ex-
pression was 4.7-fold (median 2.28-fold) higher in the cancer-
ous parts of the respective prostates. In the 76 patients with
higher KLK15 expression in the cancerous part over expres-
sion was up to 2-fold in 26, between 2 and 5-fold in 29,
between 5 and 15-fold in 13 and more than 15-fold in 8.
Absolute KLK15 values without correcting for �-actin simi-

KLK15 mRNA expression in 90 patients. Black boxes represent
level in cancerous tissue. White box represent level in nonmalignant
tissue in same patients. Wilcoxon signed rank test p value.
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larly showed higher expression in the cancerous part in 75
patients and lower expression in 15 (p �0.001).

In the 90 patients median age was 63 years, median pre-
operative PSA was 7.6 ng./ml., median percent free PSA was
7.8% and median prostate volume was 29 ml. Table 1 lists
KLK15 expression values in relation to stage, grade, Gleason
score and surgical margin status. Patients with stages pT3
and pT4 disease showed a trend toward higher values than
those with stage pT2 disease (p � 0.1). Similarly KLK15
expression tended to be higher in grade 3 versus grade 2
tumors (p � 0.18) and in Gleason score 7 or greater versus
less than 7 tumors (p � 0.23). Patients with positive surgical
margins showed higher KLK15 values than those with neg-
ative surgical margins (p � 0.045).

KLK15 tissue expression did not correlate with serum PSA
(Spearman rank correlation coefficient rs � {minus]0.084,
p � 0.44) or with percent free PSA (rs � �0.063, p � 0.59).
There was also no correlation of KLK15 tissue expression
with age (rs � �0.065, p � 0.54) or prostate volume (rs �
�0.054, p � 0.62).

By searching for an appropriate cutoff we found a sig-
nificant difference in stage pT2 and pT3/4 tumors at a
cutoff equal to the 40th percentile (KLK15 expression 1.7,
p � 0.029). At this point only 50% of stage pT2 cases were
above this cutoff, whereas 74% of stage pT3/4 cases had
values above this point. Grade and Gleason score did not
achieve significance (p � 0.27 and 0.26, respectively, table 2).

This study showed over expression of the new gene KLK15
in cancerous prostate tissue compared with normal tissue of
the same gland in 84% of all cases independent of preopera-
tive treatment. This over expression was not related to
known serum biomarkers and seemed to be weakly associ-
ated with higher stage, grade and more aggressive disease.

DISCUSSION

The usefulness of PSA as tumor marker for prostate cancer
is well established. Another member of the newly expanded
kallikrein family, hK2, may add useful information for re-
ducing unnecessary biopsies.2 Nevertheless, these serum
markers cannot predict the presence of prostate cancer or the
rate of postoperative PSA failure. There is a need for new and
better prostate cancer markers, especially for Gleason 4/5
grade tumors.14

The principle of developing new biomarkers was recently
speculated to be a 5-phase process.15 This principle should be
considered in further searches for new biomarkers. Recently
developed immunoassays for new kallikrein proteins have
been applied for diagnosing other cancers (ovarian) and other
diseases (Alzheimer’s).5 A recently described new kallikrein
gene is KLK15.7 It was postulated that this gene is up-
regulated in prostate tumors compared with normal tissues
of the same prostate gland.7 However, these data were ob-

tained in a small number of patients and not from quantita-
tive PCR. Our study extends the data on KLK15 expression
in a large cohort with quantitative measurements. We were
able to confirm over expression of this gene in cancerous
parts of the prostate. In the study of Yousef et al there was
KLK15 over expression in 13 of 29 patients (45%).7 This
study showed over expression in 76 of 90 patients (84%) and
more than 2-fold over expression in 50 (56%). This over
expression is also evident in patients with antiandrogen de-
privation before radical surgery. Although KLK15 was found
to be up-regulated by steroid hormones in the LNCaP pros-
tate cancer cell line,7 we noted no difference in absolute
tissue expression levels in patients with and without preop-
erative antiandrogen treatment. However, the number of
patients who underwent androgen deprivation was small (10)
and a conclusion about protein expression levels is not cur-
rently possible due to the lack of corresponding antibodies.

Another aspect relates to the mRNA level of the respective
genes in the human tissue kallikrein family (PSA, KLK2 and
KLK15) and protein expression of their proteins (PSA, hK2
and hK15). In contrast to KLK15, it is known that PSA is
down-regulated in cancerous tissue compared with normal
tissue at the mRNA8, 16 and protein9, 16 levels. At the protein
level hK2 also shows this down-regulation in cancerous tis-
sue.9 A recent study could not verify these results, showing
higher KLK2 values at the mRNA level and higher hK2
levels at the protein level in malignant prostate tissue com-
pared with benign tissue.16 Earlier studies using immuno-
histochemical methods also showed that hK2 was over ex-
pressed in cancerous tissue.17 Over expression of KLK15 in
cancerous tissue suggests that hK15 may be a good candidate
serum marker for prostate cancer.15

The functional relationships of some members of the
kallikrein family have been investigated. It was shown
that hK2 can activate pro-PSA to PSA.18, 19 Furthermore, it
was more recently demonstrated that hK2 with its trypsin-
like specificity was unable to hydrolyze the pro-PSA sub-
strate, raising the possibility that an additional processing
protease may be required to process PSA completely to an
enzymatically active form.20 Prostin, which is identical to
hK15, can better catalyze the conversion of pro-PSA to active
PSA than hK2.10 This finding implicates a possible physio-
logical role of hK15 for regulating PSA activity.

CONCLUSIONS

Up-regulation of the KLK15 gene in prostate cancer, and in
advanced and more aggressive prostatic tumors may indicate
a possible role for hK15 protein as a future diagnostic and
prognostic biomarker. Furthermore, understanding the bio-
logical function of this protein in prostate tissue may help
delineate its role in prostate physiology and pathobiology.

Silke Klotzek and Sabine Becker provided technical assis-
tance.

TABLE 1. KLK15 expression in cancerous tissues from 90 patients
classified by disease stage, Gleason score and tumor grade

parameters

No.
Pts.

Median KLK15/
�-Actin mRNA

p Value
(Mann-Whitney U test)

Stage: 0.1
pT2 44 1.72
pT3/4 46 2.44

Gleason score: 0.23
Less than 7 41 2.07
7 or Greater 43 2.38
Unknown 6

Grade: 0.18
2 53 2.03
3 37 2.78

Surgical margins: 0.045
Neg. 45 1.99
Pos. 45 2.52

TABLE 2. Relationship of KLK15 expression status and
pathohistological parameters

Variable No.
Pts.

No. KLK15
Neg. (%)*

No. KLK15
Pos. (%)*

p Value
(Fisher’s exact test)

Stage: 0.029
pT2 44 22 (50) 22 (50)
pT3/4 46 12 (26.1) 34 (73.9)

Gleason score: 0.26
Less than 7 41 19 (46.3) 22 (53.7)
7 or Greater 43 14 (32.6) 29 (67.4)
Unknown 6

Grade: 0.27
2 53 23 (43.4) 30 (56.6)
3 37 11 (29.7) 26 (70.3)

Cutoff point 1.7 arbitrary units, equal to 40th percentile.
Levels less than 1.7 and 1.7 or greater considered KLK15 negative and

positive, respectively.
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