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ABSTRACT
Objectives. To study quantitatively the relative expression of human glandular kallikrein 2 (hK2) and
prostate-specific antigen (PSA) in paired (from the same patient) cancerous and noncancerous prostatic
tissue to evaluate whether these proteins are overexpressed or underexpressed in cancer.
Methods. We studied 14 patients who underwent radical retropubic prostatectomy for prostate cancer.
Cancerous and adjacent normal tissues were excised and then extracted to prepare cytosolic extracts. The
extracts were analyzed for total protein, and for hK2 and PSA using sensitive and specific immunofluoro-
metric procedures.
Results. PSA was present in the prostatic extracts at about 50 to 100 times higher amounts than hK2. The
correlation between PSA and hK2 values was good. Both prostate kallikreins were expressed more in
noncancerous than in cancerous prostatic tissue.
Conclusions. Our results demonstrated that both PSA and hK2 are down-regulated in prostate cancer
compared with noncancerous tissue. The degree of down-regulation was higher for PSA than for hK2. The

mechanism and physiologic consequences of this down-regulation are unknown.

2000. © 2000, Elsevier Science Inc.
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Prostate—speciﬁc antigen (PSA) is now used
widely for the early diagnosis of prostate cancer
(PCa) and to monitor the response to therapy.!
However, the expression of PSA is not specific to
cancer, and its serum concentration is also fre-
quently elevated in benign prostatic hyperplasia
(BPH). To improve the clinical value of PSA, dif-
ferent approaches have been developed, including
PSA density, PSA velocity, and age-specific refer-
ence ranges. Furthermore, it has been shown that
measurement of the different molecular forms of
serum PSA helps to discriminate between PCa and
BPH. Recent studies indicate that the free/total PSA
ratio in serum is lower in patients with PCa than in
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patients with BPH, thus enhancing the clinical use-
fulness of PSA testing in PCa screening programs.?

Although increased serum concentrations of PSA
are associated with PCa, the situation appears to be
different within the prostate. Immunohistochemi-
cal analyses with anti-PSA antibodies,>* measure-
ments of intraprostatic concentrations of PSA,> as-
sessment of PSA mRNA in prostatic tissue
specimens,>® and in situ hybridization tech-
niques*>7 have demonstrated that the amount of
PSA protein or PSA transcripts is not increased in
PCa compared with BPH. Rather, advanced PCa is
generally associated with lower levels of PSA gene
expression.>>7 The results of a very recent study®
demonstrated that patients with PCa with low tis-
sue-PSA (T-PSA) levels developed progressive dis-
ease and that none of the patients with high T-PSA
levels did. The investigators concluded that T-PSA
is superior to other hitherto routinely used mark-
ers for the prediction of outcome of patients with
newly diagnosed PCa who underwent hormonal
therapy.

Human glandular kallikrein 2 (hK2) belongs to
the same family of serine proteases as PSA (human
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TABLE 1.

Descriptive statistics for PSA and hK2 concentrations in

noncancerous and cancerous prostatic tissues from 14 patients

Mean Standard Deviation Median P
(ng/mg TP) (ng/mg TP) (ng/mg TP)  Value*

PSA

No cancer 16.2 12.3 15.4

Cancer 7.8 1.4 6.7 0.005

Difference (%)" 52 — 56
hK2

No cancer 0.19 0.14 0.16

Cancer 0.11 0.095 0.091 0.016

Difference (%) 37 — 43

KEy: PSA = prostate-specific antigen; hK2 = human kallikrein 2; TP = total protein.

* Calculated by the Wilcoxon signed rank test.

" Calculated by assuming that value in noncancerous tissue is 100%.

kallikrein gene family) and displays a strong struc-
tural homology to PSA.%1° These two kallikreins
also share a close relationship in terms of prostate
localization, function, and regulatory features.®
Recent findings that hK2 cleaves proPSA (244 res-
idues) to generate enzymatically active PSA (237
residues) suggest a physiologic role of hK2 in the
regulation of PSA.1-13 Furthermore, recent studies
suggest a potential role of hK2 as an additional
prostate tumor marker.!+1>

Darson et al.,'®!7 using immunohistochemical
techniques, first provided evidence of increased
hK2 expression in cancerous tissue compared with
adjacent normal tissue. However, to our knowl-
edge, no report has as yet quantitatively compared
the levels of PSA and hK2 in cancerous and normal
tissue from paired specimens obtained from the
same patients. We report the analysis of PSA and
hK2 in paired tumor/normal prostatic tissue ex-
tracts from 14 patients and provide evidence that
both kallikreins are generally down-regulated in
PCa, with PSA being more markedly suppressed
than hK2.

MATERIAL AND METHODS

Stupy Group

Included in this study were 14 patients who had undergone
radical prostatectomy for PCa at the Charité University Hos-
pital, Berlin. The use of tissue specimens for research purposes
was approved by the Ethics Committee of Charité University
Hospital, Berlin. Patient age ranged from 57 to 71 years (me-
dian 65). The cancer of each patient had been classified ac-
cording to the TNM system, and the histologic grade had been
classified as grade 1, 2, or 3, as previously described in detail .8
The number of patients in each classification according to
pathologic stage and grade was as follows: pTINOMO, 1 pa-
tient; pT2NOMO, 10 patients; and pT3NOMO, 3 patients; and
G1, 2 patients; G2, 9 patients; and G3, 3 patients.

TISSUE SAMPLES

Prostatic tissue samples were obtained from the cancerous
and noncancerous portions of the same prostates that had
been surgically removed by radical retropubic prostatectomy.
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The cancerous specimens generally originated from the pe-
ripheral parts of the dorsal/dorsolateral prostate, located near
the prostate capsule, and the noncancerous samples were usu-
ally taken from the periurethral region of the central zone of
the prostate. These matched pairs were used for further anal-
ysis. Small pieces of tissue were dissected immediately after
removal of the prostate and stored in liquid nitrogen until
analysis. The cut edges within the prostate were marked so
that the dissected pieces could easily be assigned to the adja-
cent prostatic tissue examined histopathologically. Histologic
analysis from all tissue pieces used was performed as previ-
ously described!® to ensure that the material used was either
malignant or benign (data not shown).

T1SSUE EXTRACT PREPARATION

Tissue samples (~30 to 50 mg) were thawed, cut into small
pieces, and homogenized in 100 uL of 10 mmol/L sodium
phosphate buffer, pH 7.46, containing 2.5 mL/L Triton X-100,
with a Wheaton glass homogenizer by 10 strokes on ice. The
extracts were then sonicated. The homogenates were trans-
ferred into 1.5-mL tubes. The homogenizer was then rinsed
twice with 100 uL of the extraction solution. This 300-uL
mixture was centrifuged at 23,000g for 15 minutes at 4°C. The
supernatants were recovered and subsequently used for assay
of PSA and hK2. To investigate the effectiveness of the extrac-
tion procedure, the pellets were resuspended and the extrac-
tion was repeated several times. The recommended final ex-
traction procedure consisted of three extractions with Triton
solution and the measurement of the analytes in the combined
supernatants. More details on the validation and the recovery
of the extraction procedure can be found elsewhere.!® All su-
pernatants were stored at —80°C until analysis.

IMMUNOASSAYS

The concentrations of PSA were determined using an in-
house method, previously described and validated.?® A new,
time-resolved immunofluorometric assay, recently developed
in our laboratory, was used to measure the serum hK2 con-
centrations.?! The PSA and hK2 assays have detection limits
around 0.001 pg/L. The hK2 assay has less than 0.2% cross-
reactivity to PSA, and the PSA assay is free from cross-reactiv-
ity with hK2. To measure hK2 and PSA in tissue extracts, the
supernatants were thawed and diluted 5000-fold and 50,000-
fold, respectively, with 60 g/L bovine serum albumin solution.
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ToOTAL PROTEIN ASSAY

The total protein concentrations in the tissue extracts were
determined with the Coomassie Brilliant Blue assay reagent,
using bovine serum albumin as the calibrator.

STATISTICAL ANALYSIS

Statistical analysis was performed with Statistical Analysis
System software (SAS Institute, Cary, NC). The analyses of the
differences between hK2 and PSA in noncancerous and can-
cerous tissue were performed with the nonparametric McNe-
mar test. The relationships between the different variables
were assessed by Spearman’s correlation and the Wilcoxon
and Kruskal-Wallis tests.

RESULTS

We analyzed 14 pairs of prostatic tissue extracts
(cancer/normal) to determine the concentrations
of hK2 and PSA in benign and malignant tissue
(Table I). The distribution of the PSA concentra-
tions in benign (noncancerous) and malignant
(cancerous) tissues is shown in Figure 1A. The
PSA values ranged from 0.63 to 36.3 wg/mg protein
in noncancerous tissue (mean 16.2; 95% confi-
dence interval [CI] 9.7 to 22.7) and from 0.24 to
29.1 pg/mg protein in cancerous tissue (mean 7.8;
95% CI 3.8 to 11.7). Figure 1B shows the paired
values of PSA in noncancerous and cancerous tis-
sue for every patient. Eleven of the 14 patients had
higher PSA levels in the noncancerous tissue, 1
patient had higher PSA levels in the cancerous tis-
sue, and 2 patients had about the same levels of
PSA in both tissue specimens. Analysis by the Mc-
Nemar test indicated that the differences between
the noncancerous and cancerous tissue were statis-
tically significant (P = 0.006). Similar results were
obtained by analysis of the data using the Wil-
coxon signed rank sum test (Table I).

The distribution of hK2 concentrations in the
noncancerous and cancerous tissue is shown in
Figure 2A. The hK2 values ranged from 0 to 0.44
png/mg protein in the noncancerous tissue (mean
0.19; 95% CI 0.18 to 0.20) and from 0 to 0.32
pg/mg protein in the cancerous tissue (mean 0.12;
95% CI 0.11 to 0.13). Figure 2B shows the paired
values of hK2 in the noncancerous and cancerous
tissue specimens for every patient. Nine of the 14
patients had higher hK2 levels in the noncancerous
tissue, 2 patients had higher hK2 levels in the can-
cerous tissue, and 3 patients had about the same
levels of hK2 in both tissue specimens. Analysis by
the McNemar test indicated that the differences
between the noncancerous and cancerous tissues
were of borderline statistical significance (P =
0.039). Similar results were obtained by analysis of
the data with the Wilcoxon signed rank sum test
(Table 1).

A positive correlation was found between the
PSA and hK2 concentrations in both noncancerous
(Spearman’s rank correlation coefficient = 0.69, P
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FIGURE 1. (A) Distribution of PSA concentrations in

noncancerous and cancerous prostatic tissue. The bold
horizontal line represents the median. (B) Paired values
of PSA concentrations in noncancerous (white squares)
and cancer (black squares) tissue for every patient. The
P value was calculated by the McNemar test.

<0.01) and cancerous tissues (Spearman’s rank
correlation coefficient = 0.62, P = 0.024) (Fig. 3).
However, one cancerous sample was excluded
from the analysis because it was an outlier
(Fig. 3B).

COMMENT

Pretlow et al.> were the first to use quantitative
PSA analysis of benign and malignant prostatic tis-
sues and monoclonal antibodies for immunohisto-
chemical studies. They found that PSA is expressed
at a lower level in PCa than in BPH, but a broad
overlap existed between these two conditions. Sim-
ilar results were reported by Qiu et al.,” who also
investigated the distribution of cathepsin-D and
pS2 in BPH and cancer specimens and attempted to
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FIGURE 2. (A) Distribution of hK2 concentrations in

noncancerous and cancerous prostatic tissues. The bold
horizontal line represents the median. (B) Paired values
of hK2 concentrations in noncancerous (white squares)
and cancerous (black squares) tissue for every patient.
The P value was calculated by the McNemar test.

link their concentrations with the histopathologic
tissue features, the PSA levels, and the androgenic
status of the gland. PSA mRNA was found to be
more abundant in BPH tissue than in adjacent can-
cerous tissue, within the same specimen, as shown
by in situ hybridization. Furthermore, BPH tissue
consistently gave more intense staining than can-
cerous tissue using immunohistochemistry.3
Recent findings?22> suggest that PSA may act as a
tumor suppressor, a role that may well explain the
reduced levels of PSA detected in PCa tissue. More
specifically, Heidtmann et al.?3 have recently dem-
onstrated that PSA is able to convert Lys-plasmin-
ogen to biologically active angiostatin-like frag-
ments, which were able to inhibit the proliferation
and tubular formation of human umbilical vein en-
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FIGURE 3. Correlation between PSA and hK2 concen-
trations in (A) noncancerous and (B) cancerous pros-
tatic tissue from 14 and 13 patients, respectively.
Spearman’s rank correlation coefficient (r) was used to
determine the correlation between the two parameters.

dothelial cells with the same efficacy as angiostatin
(a potent inhibitor of angiogenesis, tumor growth,
and metastasis).

Because of the many similarities between hK2
and PSA.° the former is regarded as a promising
new serum marker for PCa. Apart from its identi-
fication in the serum of patients with PCa, recent
studies have indicated that the hK2/free PSA ratio
may supplement the role of PSA and percent free
PSA, providing additional specificity for cancer de-
tection, especially when the total PSA level is 2 to 4
pg/L. 1415

The concentration of hK2 protein in the prostate
had been evaluated so far only by immunohisto-
chemical techniques. Darson et al.'® reported ex-
pression of hK2 and PSA in the benign and malig-
nant prostate. They found that hK2 was expressed
in a greater percentage of cells in adenocarcinoma
than in benign tissue, with the most intense stain-
ing occurring in the highest grades of cancer. PSA
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was also expressed in all cases, but the expression
in cancer was less than in the benign epithelium. In
a later study,!” the same group evaluated the ex-
pression of hK2, pro-hK2, and PSA in benign and
malignant prostate specimens and in lymph node
metastases using immunohistochemistry. All sam-
ples tested displayed intense immunoreactivity for
hK2 and pro-hK2; hK2 was again expressed in a
greater percentage of cells in adenocarcinoma than
in benign tissue.

In our study, we used highly sensitive immuno-
assays, specific for PSA and hK2, to measure the
concentration of the two proteins in noncancerous
and adjacent cancerous prostatic tissue within the
same specimen. To our knowledge, this is the first
report of the quantitative analysis of hK2 and PSA
proteins in such samples. Our results clearly dem-
onstrated that PSA is present in the prostatic ex-
tracts at about 50 to 100 times higher amounts
than is hK2 (Table I). Similar differences in the
concentration of the two analytes were seen in
seminal plasma and male serum.?!-2#25 We found a
good correlation between the PSA and hK2 values
in the prostatic extracts (Fig. 3), in accord with
data for serum?'-2#25> and nonprostatic fluids such
as breast cyst fluid, breast milk, and nipple aspirate
fluids.2®

The findings that both PSA and hK2 concentra-
tions correlate with each other and are present at
higher concentrations in benign than in malignant
prostatic tissue allow us to hypothesize that these
two kallikreins may be regulated by similar mech-
anisms, a situation that appears to be true in breast
carcinoma cell lines.?7-28 Although we had infor-
mation on the tumor stage and Gleason score, we
could not establish any statistically significant as-
sociation between these parameters and either PSA
or hK2 expression, because of the insufficient sam-
ple size (n = 14). Future studies should re-exam-
ine this question using more patients.

Our finding that hK2 is expressed at higher levels
in benign tissue than in cancerous tissue is in con-
trast with previous data generated by immunohis-
tochemistry studies.'®!'” Although the reason for
the discrepancy is obscure, our data are strength-
ened because in the same extracts, we did confirm
the well-known down-regulation of PSA, which, in
this case, served as internal quality control param-
eter. Furthermore, the similar pattern of hormonal
regulation between PSA and hK227:28 suggests that
the factors that affect PSA expression in the pros-
tate may, at the same time, affect hK2 expression in
the same direction. We did however, see a lower
percentage of down-regulation of hK2 than PSA
(Table 1). This difference may be responsible for
the slightly higher increase in serum concentra-
tions of hK2 (compared with PSA) evident in PCa
compared with BPH.!52°
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In conclusion, our results indicate that PSA and
hK2 are expressed at higher levels in noncancerous
than in cancerous prostatic tissue. The physiologic
consequences and the mechanism of this down-
regulation require further investigation.

REFERENCES

1. Diamandis EP: Prostate-specific antigen—its useful-
ness in clinical medicine. Trends Endocrinol Metab 9: 310—
316, 1998.

2. Catalona W], Partin AW, Slawin KM, et al: Use of the
percentage of free prostate-specific antigen to enhance differ-
entiation of prostate cancer from benign prostatic disease: a
prospective multicenter clinical trial. JAMA 279: 1542-1547,
1998.

3. Hakalahti L, Vihko P, Hentty P, et al: Evaluation of PAP
and PSA gene expression in prostatic hyperplasia and prostatic
carcinoma using Northern blot analyses, in situ hybridization
and immunohistochemical stainings with monoclonal and
bispecific antibodies. Int J Cancer 55: 590-597, 1993.

4. Gallee MP, Visse de Jong E, van der Korput JA, et al:
Variation of prostate specific antigen expression in different
tumour growth patterns present in prostatectomy specimens.
Urol Res 18: 181-187, 1990.

5. Pretlow TG, Pretlow TP, Yang P, et al: Tissue concen-
trations of prostate specific antigen in prostatic carcinoma and
benign prostatic hyperplasia. IntJ Cancer 49: 645-649, 1991.

6. Henttu P, Lukkarinen O, and Vihko P: Expression of
the gene coding for human prostate specific antigen and re-
lated hGK-1 in benign and malignant tumors of the human
prostate. Int J Cancer 45: 654—660, 1990.

7. Qiu S-D, Young CY-F, Bilhartz DL, et al: In situ hybrid-
ization of prostate specific antigen mRNA in human prostate.
J Urol 144: 1550-1556, 1990.

8. Stege R, Grande M, Carlstrom K, et al: Prognostic sig-
nificance of tissue prostate-specific antigen in endocrine-
treated prostate carcinomas. Clin Cancer Res 6: 160-165,
2000.

9. Rittenhouse HG, Finlay JA, Mikolajczyk SD, et al: Hu-
man kallikrein 2 (hK2) and prostate-specific antigen (PSA):
two closely related, but distinct, kallikreins in the prostate.
Crit Rev Clin Lab Sci 35: 275-368, 1998.

10. Diamandis EP, Yousef GM, Luo LY, et al: The human
kallikrein gene family—in carcinogenesis. Trends Endocrinol
Metab 11: 54-60, 2000.

11. Lovgren J, Rajakoski K, Karp M, et al: Activation of the
zymogen form of prostate-specific antigen by human glandu-
lar kallikrein 2. Biochem Biophys Res Commun 238: 549—
555, 1997.

12. Kumar A, Mikolajczyk SD, Goel AS, et al: Expression of
pro form of prostate-specific antigen by mammalian cells and
its conversion to mature, active form by human kallikrein 2.
Cancer Res 57: 3111-3114, 1997.

13. Takayama TK, Fujikawa K, and Davie EW: Character-
ization of the precursor of prostate-specific antigen: activation
by trypsin and by human glandular kallikrein. J Biol Chem
272:21582-21588, 1997.

14. Kwiatkowski MK, Recker F, Piironen T, et al: In pros-
tatism patients the ratio of human glandular kallikrein to free
PSA improves the discrimination between prostate cancer and
benign hyperplasia within the diagnostic “gray zone” of total
PSA 4 to 10 ng/mL. Urology 52: 360-365, 1998.

15. Magklara A, Scorilas A, Catalona WJ, et al: The combi-
nation of human glandular kallikrein and free prostate-spe-
cific antigen (PSA) enhances discrimination between prostate
cancer and benign prostatic hyperplasia in patients with mod-
erately increased total PSA. Clin Chem 45: 1960-1966, 1999.

16. Darson MF, Pacelli A, Roche P, et al: Human glandular

531



kallikrein 2 (hK2) expression in prostatic intraepithelial neo-
plasia and adenocarcinoma: a novel prostate cancer marker.
Urology 49: 857-862, 1997.

17. Darson MF, Pacelli A, Roche P, et al: Human glandular
kallikrein 2 expression in prostate adenocarcinoma and
lymph node metastases. Urology 53: 939-944, 1999.

18. Meyer A, Jung K, Lein M, et al: Factors influencing the
ratio of free to total prostate-specific antigen in serum. Int J
Cancer 74: 630-636, 1997.

19. Jung K, Brux B, Lein M, et al: Molecular forms of pros-
tate-specific antigen in malignant and benign prostatic tissue:
biochemical and diagnostic implications. Clin Chem 46: 47—
54, 2000.

20. Ferguson RA, Yu H, Kalyvas M, et al: Ultrasensitive
detection of prostate specific antigen by a time-resolved
immunofluorometric assay and the Immulite Immuno-
chemiluminescent third generation assay: potential appli-
cations in prostate and breast cancers. Clin Chem 42: 675-
684, 1996.

21. Black MH, Magklara A, Obiezu C, et al: Development of
an ultrasensitive immunoassay for human glandular kallikrein
with no cross reactivity from prostate specific antigen. Clin
Chem 45: 790-799, 1999.

22. Fortier AH, Nelson BJ, Grella DK, et al: Antiangiogenic
activity of prostate-specific antigen. J Natl Cancer Inst 91:
1635-1640, 1999.

23. Heidtmann HH, Nettelbeck DM, Mingels A, et al: Gen-

532

eration of angiostatin-like fragments from plasminogen by
prostate-specific antigen. Br J Cancer 81: 1269-1273, 1999.

24. Klee GG, Goodmanson MK, Jacobsen S], et al: Highly
sensitive automated chemiluminometric assay for measuring
free human glandular kallikrein-2. Clin Chem 45: 800-8006,
1999.

25. Piironen T, Lovgren J, Karp M, et al: Immunofluoro-
metric assay for sensitive and specific measurement of human
prostatic glandular kallikrein (hK2) in serum. Clin Chem 42:
1034-1041, 1996.

26. Black MH, Magklara A, Obiezu C, et al: Expression of a
prostate associated protein, human glandular kallikrein (hK2)
in breast tumors and in normal breast secretions. Br J Cancer
82:361-367, 2000.

27. Hsieh ML, Charlesworth C, Goodmanson M, et al: Ex-
pression of human prostate-specific glandular kallikrein pro-
tein (hK2) in the breast cancer cell line T47-D. Cancer Res 57:
2651-2656, 1997.

28. Magklara A, Grass L, and Diamandis EP: Differential
steroid hormone regulation of human glandular kallikrein
(hK2) and prostate specific antigen (PSA) in breast cancer cell
lines. Breast Cancer Res Treat 59: 263-270, 2000.

29. Nam RK, Diamandis EP, Toi A, et al: Serum human
glandular kallikrein-2 protease levels predict the presence of
prostate cancer among men with elevated prostate specific
antigen. J Clin Oncol 18: 1036-1042, 2000.

UROLOGY 56 (3), 2000



