XA
ELSEVIER

Clinical Biochemistry, Vol. 33, No. 5, 369-375, 2000

Copyright © 2000 The Canadian Society of Clinical Chemists
Printed in the USA. All rights reserved
0009-9120/00/$—see front matter

PII 0009-9120(00)00145-4

Immunofluorometric Assay of Human Kallikrein 6
(Zyme/Protease M/Neurosin) and Preliminary
Clinical Applications

ELEFTHERIOS P. DIAMANDIS,"? GEORGE M. YOUSEF,"? ANTONINUS R. SOOSAIPILLAI,’
LINDA GRASS," ASHLEY PORTER,! SHEILA LITTLE,® and GEORGIA SOTIROPOULOU*

"Department of Pathology and Laboratory Medicine, Mount Sinai Hospital, Toronto,
Ontario M5G 1X5, Canada, ?Department of Laboratory Medicine and Pathobiology, University of
Toronto, Toronto, Ontario M5G 1L5, Canada, 2Central Nervous System Research, Lilly Research

Laboratories, Indianapolis, IN 46285, USA, *Department of Pharmacy, University of Patras,
Patras, Greece

Background: The human kallikrein gene family has contributed
the best prostatic biomarkers currently available, including pros-
tate-specific antigen (PSA) and human glandular kallikrein 2
(hK2). Recently, new members of the human kallikrein gene
family have been identified. One new member is the KLK6 gene,
encoding for human kallikrein 6 (hK6), which is also known as
zyme/protease M/neurosin. In this paper, we describe develop-
ment of antibodies and a sensitive immunofluorometric proce-
dure for hK6 protein.

Methods: Recombinant hK6 protein was used as immunogen to
develop polyclonal antibodies in rabbits and mice. These anti-
bodies were used to develop a sandwich-type time-resolved
immunofluorometric procedure for hK6.

Results: The newly developed hK6 immunofluorometric assay
has a detection limit of 0.5 ng/L and upper concentration range
of 200 pg/L. The assay is highly specific (no detectable cross-
reactivity from PSA and hK2) and was used to quantify hK6
protein in various biologic fluids. Highest concentrations of hK6
were found in milk of lactating women, cerebral spinal fluid,
nipple aspirate fluid, and breast cyst fluid. hK6 was also detected
in male and female serum, in the majority of seminal plasmas and
in a small fraction of amniotic fluids and breast tumor cytosols.
hK6 was not detectable in urine. Chromatographic studies indi-
cated that hK6 is present in these biologic fluids in its free,
30-kDa form.

Conclusions: This is the first reported sensitive immunofluoro-
metric procedure for quantifying hK6 protein. hK6 is a secreted
proteolytic enzyme that is found at high levels in cerebrospinal
fluid and all breast secretions. This assay will facilitate further
studies to examine the possible application of hK6 in diagnostics,
including cancer and neurodegenerative disorders. Copyright ©
2000 The Canadian Society of Clinical Chemists
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Introduction

he human kallikrein gene family was, until

recently, thought to consist of only three genes:
pancreatic/renal kallikrein (KLK1, encoding for hK1
protein), human glandular kallikrein 2 (KLK2, en-
coding for hK2 protein), and human kallikrein 3
(KLKS3, encoding for hK3 protein or prostate specific
antigen {lsqb]PSA]). This gene family has contrib-
uted two excellent biomarkers (PSA and hK2) that
are currently used for diagnosis and monitoring of
prostate cancer (1-6).

More recently, new members of the human kal-
likrein gene family have been discovered. This gene
family now contains 14 genes that are all encoding
for serine proteases, show significant homologies at
both the DNA and the amino acid level, and are all
localized in tandem on human chromosome 19q13.3-
ql3.4. Recent developments on this gene family
have been reviewed (1).

The KLK6 gene (encoding for human kallikrein 6
[hK6]) has been cloned independently by three
groups of investigators and was previously given the
names zyme (7), protease M (8) and neurosin (9).
The gene encodes for a trypsin-like serine protease
of 244 amino acids in length, of which sixteen amino
acids constitute the signal peptide and five amino
acids the activation peptide. The mature enzyme
consists of 223 amino acids. The KLK6 gene and the
encoded hK6 protein share significant homologies
with PSA and other kallikreins and the enzyme is
predicted to be a secreted protein. Little et al. (7)
have demonstrated that this enzyme has amyloido-
genic potential in the brain and may play a role in
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the development and progression of Alzheimer’s
disease. Anisowicz et al. have cloned the gene by the
method of differential display, based on the signifi-
cant differences in expression between normal and
malignant breast cells and they postulated that this
gene is dramatically down-regulated in aggressive
forms of breast cancer (8). The same gene was cloned
by Yamashiro et al. from the human colon adenocar-
cinoma cell line COLO 201 (9).

We have recently molecularly characterized the
KLK6 gene and demonstrated by reverse transcrip-
tion-polymerase chain reaction that it is expressed
in various tissues. The transcription of this gene is
regulated by steroid hormones in breast carcinoma
cell lines (10). However, despite the knowledge of
the precise structure of this gene, the encoded pro-
tein has not as yet been detected in tissues or
biologic fluids. We hypothesize that this secreted
protein may have applications as a biomarker for
cancer, neurologic or other chronic diseases. In order
for these possibilities to be examined, highly sensi-
tive and specific immunologic assays for this enzyme
must be developed. In this paper, we describe the
development of the first sandwich-type immunoflu-
orometric assay for hK6 and demonstrate its pres-
ence in various human tissue extracts and biologic
fluids.

Materials and methods

Diflunisal phosphate (DFP) was synthesized in
our laboratory (diflunisal, obtained from Sigma
Chemical Co., St. Louis, MO, USA). The stock solu-
tion of DFP was 0.01 mol/L in 0.1 mol/L. NaOH. DFP
stock solutions are stable at 4 °C for at least 6
months. Alkaline phosphatase-labeled goat antirab-
bit IgG and sheep antimouse immunoglobulin G (Fc
fragment-specific) were obtained from Jackson Im-
munoresearch (West Grove, PA, USA). Working so-
lutions of labeled goat antirabbit IgG-alkaline phos-
phatase were prepared by diluting the stock solution
3,000-fold in the assay buffer (described below).
White, opaque 12-well polystyrene microtiter strips
were obtained from Dynatech Labs (Alexandria, VA,
USA). The substrate buffer was a Tris buffer (0.1
mol/L,, pH 9.1) containing 0.1 mol of NaCl and 1
mmol of MgCLy/L. The substrate working solution
(DFP, 1 mmol/L in substrate buffer) was prepared
just before use by diluting the DFP stock solution
10-fold in the substrate buffer. The wash solution
was prepared by dissolving 9 g of NaCl and 0.5 g of
polyoxyethylenesorbitan monolaurate (Tween 20) in
1 L of a 10 mmol/L Tris buffer, pH 7.4. The devel-
oping solution contained 1 mol of Tris base, 0.4 mol
of NaOH, 2 mmol of TbCl;, and 3 mmol of EDTA/L
(no pH adjustment). The assay buffer A was a 50
mmol/L Tris buffer, pH 7.4, containing 60 g of bovine
serum albumin, 0.5 g of sodium azide, 100 mL of
normal goat serum, 25 mL of normal mouse serum,
5 g of bovine IgG, and 0.5 g of Tween 20/L. The assay
buffer B was the same as assay buffer A except that
mouse serum was omitted.
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CLINICAL SAMPLES

Several clinical samples were used to examine the
presence of hK6. These included serum and urine
samples from male and female individuals (healthy
blood donors), breast cyst fluids obtained by needle
aspiration, breast tumor cytosolic extracts, prepared
as described previously (11), amniotic fluids, milks
from lactating women, seminal plasmas, nipple as-
pirate fluids, and cerebrospinal fluids. In addition,
we tested a panel of human tissue cytosolic extracts,
prepared as previously described (11). To establish
optimal measuring conditions, all samples were
tested at various dilutions. Our procedures are in
accordance with the ethical standards of the Hel-
sinki Declaration of 1975, as revised in 1983.

All tissues and fluid samples were stored at
—80 °C until use.

INSTRUMENTATION

A time-resolved fluorometer, the CyberFluor 615
Immunoanalyzer (MDS Nordion, Kanata, ON, Can-
ada) was used to measure Tbh3" fluorescence in
white microtiter wells. This procedure has been
described in detail elsewhere (12, 13).

PROCEDURES

Production and purification of recombinant hK6
protein

Human 293 cells transfected with a plasmid con-
taining the 1.4-kb hK6 c¢cDNA were subjected to
selection by growth in G418 (400 mg/L) for 3 weeks,
after which time stable transformants were isolated.
One clone generated identifiable amounts of hK6
protein in the culture medium. This cell line was
cultured and the tissue culture supernatant was
collected and concentrated by using Centricon ultra-
filtration devices (Millipore, Waltham, MA, USA).
Purification of hK6 from the concentrated cell cul-
ture supernatants was achieved by reversed-phase
high-performance liquid chromatography (HPLC;
C-8, Aquapore RP-300, 0.45 X 25 cm, Applied Bio-
systems, Foster City, CA, USA) by using a linear
gradient of 0.1% trifluoroacetic acid/acetonitrile.
Generally, the gradient increased at a rate of 1%
acetonitrile/min. Factions containing hK6 were lo-
cated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, collected, lyophilized, and stored at
—20 °C (7).

Development of polyclonal antibodies against hK6

Purified recombinant hK6 protein was used to
immunize rabbits and mice by using standard pro-
cedures (14). The rabbit and mice antisera were
used for the development of the immunofluorometric
assay without further purification.
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Coating of microtiter plates with sheep antimouse
immunoglobulin

We coated white polystyrene microtiter wells by
incubating overnight 500 ng/100 pL per well of the
coating antibody diluted in a 50 mmol/L Tris buffer,
pH 7.8. The wells were then washed six times with
the wash solution and blocked for 1 h with 200
pL/well of the blocking solution (10 g/L bovine se-
rum albumin in 50 mmol/L. Tris, pH 7.8). After
another six washes, the wells were ready to use.

hK6 calibration

hK6 calibrators of 0, 1, 5, 20, 50, and 200 pg/L
were prepared by diluting recombinant purified hK6
protein in a 50 mmol/L Tris buffer, pH 7.8, contain-

ing 60 g of bovine serum albumin and 0.5 g sodium
azide/L.

hK6 assay

Calibrators or samples (100 wL) were pipetted
into the microtiter wells and 50 pL of the polyclonal
mouse antihK6 antiserum, diluted 5,000-fold in as-
say buffer B, were added. The wells were then
incubated with shaking at room temperature for 2 h
and washed six times. To each well, we then added
100 pL of rabbit antihK6 antibody, diluted 1,000-
fold in assay buffer A, incubated for 30 min as
described above, and then washed six times. To each
well, we then added 100 pL of a goat antirabbit
immunoglobulin, conjugated to alkaline phospha-
tase, diluted 3,000-fold in assay buffer A and incu-
bated for 30 min, as described above. The wells were
then washed six times; we then added 100 pL of 1
mmol/L. DFP working substrate solution and incu-
bated for 10 min, as described above. We added 100
pL of developing solution to each well, mixed by
mechanical shaking for 1 min and measured the
fluorescence with the time-resolved fluorometer.
The calibration and data reduction were performed
automatically by the CyberFluor 615 Immunoana-
lyzer.

HPLC

We have fractionated various biologic fluids on a
gel filtration column, using the procedures described
elsewhere (15,16). HPLC fractions were collected
and analyzed for hK6 with the developed immun-
ofluorometric assay.

Results
ASSAY OPTIMIZATION

We used two polyclonal antibodies against recom-
binant hK6 protein, one developed in mice and one
developed in rabbits. The chosen assay configura-

tion (indirect coating of the wells with a sheep
antimouse antibody and detection of the immuno-
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complex with a goat antirabbit immunoglobulin,
conjugated to alkaline phosphatase) demonstrated
good sensitivity (see below) without the need for any
purification or conjugation of the primary antibod-
ies. We have further carefully optimized the
amounts of antibodies used, the diluents, and incu-
bation times of the various assay steps. Optimal
conditions were selected based on the lowest achiev-
able detection limit and best assay linearity and
dynamic range. The final conditions are described in
the experimental section.

CALIBRATION CURVE, DETECTION LIMIT, AND PRECISION

A typical calibration curve of the proposed hK6
assay is shown in Figure 1. The detection limit,
defined as the concentration of hK6 corresponding to
the fluorescence of the zero calibrator plus 2 SDs, is
=0.5 pg/L. Within-run and between-run precision
was assessed at various hK6 concentrations be-
tween 2 and 50 pg/L and with various clinical
samples. In all cases, the coefficients of variation
(CVs) were between 2% and 9%, consistent with the
precision of typical microtiter plate-based immuno-
assays.

SPECIFICITY

We have detected hK6 protein in various biologic
fluids (Table 1). To ensure that our immunofluoro-
metric assay measures hK6 with high sensitivity
and specificity, we have separated in a gel filtration
column three biologic fluids with relatively high hK6
concentration, namely one human milk from a lac-
tating woman, one cerebrospinal fluid and one se-
rum sample from an ovarian cancer patient who was
found to have high levels of this biomarker in serum.
The results are shown in Figure 2. In all three
biologic fluids tested, we detect a single immunore-
active species of a molecular mass of ~30 kDa,
which is consistent with the molecular mass of hK6
protein. We did not detect any higher molecular
weight complexes, suggesting that hK6 is present in
these biologic fluids in its free form. Other serum
proteinases (e.g., PSA) are present in serum and
other fluids mostly bound to proteinase inhibitors
(17,18). We have further tested for cross-reactivity
by the homologous proteins PSA and hK2. PSA and
hK2, up to the maximum concentrations tested,
10,000 pg/L and 1,000 pg/L, respectively, did not
produce any measurable hK6 assay signal.

HKG6 IN BIOLOGIC FLUIDS AND TISSUE EXTRACTS

To obtain preliminary information on the pres-
ence of hK6 in biologic fluids, we analyzed various
clinical samples, as shown in Table 1. The highest
concentration of hK6 was found in milk of lactating
women, followed by cerebrospinal fluid, nipple aspi-
rate fluid, and breast cyst fluid. We also detected
hK6 in male and female serum samples, in the
majority of seminal plasmas and in a relatively
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Figure 1 — Calibration curve of the newly developed hK6 zyme protein assay. The fluorescence of the zero standard
(~18,000 arbitrary fluorescence units) was subtracted from all other measurements.

small percentage of amniotic fluids and breast tu-
mor cytosolic extracts. We could not detect hK6
protein in urine.

We have also tested a number of human tissue
cytosolic extracts. The highest concentration of hK6
was detected in the salivary glands, followed by
lung, colon, fallopian tube, placenta, breast, pitu-
itary, and kidney. The following tissues tested neg-
ative: skin, spleen, bone, thyroid, heart, ureter,
liver, muscle, endometrium, testis, pancreas, semi-
nal vesicle, ovary, adrenals, and prostate (Figure 3).

Discussion

The human kallikrein gene family was, until re-
cently, thought to contain only 3 genes. One of these

genes, KLK3, encodes for prostate-specific antigen,
which is currently the best tumor marker available
and is used widely for diagnosis and monitoring of
prostatic carcinoma (2—4). More recently, another
member of the human kallikrein gene family, KLK2,
encoding for hK2 protein, has found applications as
an additional prostatic biomarker (5,6). More recent
developments have indicated that the human kal-
likrein gene family is larger than originally thought.
The recently constructed detailed human kallikrein
gene locus indicates that it contains at least 14
genes that are tandemly aligned on chromosomal
locus 19q13.3-q13.4. All 14 genes in that locus share
significant homologies at both the DNA and protein
level, and they all encode for serine proteases with
either trypsin-like or chymotrypsin-like activity.

TaBLE 1
Analysis of hK6 Protein in Various Fluids
hK6 (pg/L)
Sample Range Mean (SD) Median No. Positivity Rate (%)
Milk* 398-7,638 2,588 (1,607) 2,531 20 100
Cerebrospinal fluid (CSF) 41-2,053 605 (485) 525 21 100
NAF (normal)® — 914 — 1 (pool) 100
NAF (cancer)® — 737 — 1 (pool) 100
Breast cyst fluid 34-97 74 (25) 84 5 (pools) 100
Male serum 2.0-12.6 6.9 (2.6) 6.7 18 100
Female serum 0-8.1 4.1 (2.0) 44 18 100
Seminal plasma 0-17.7 6.8 (5.5) 5.0 16 81
Amniotic fluid 0-9.5 1.1(2.2) 0 21 33
Breast tumor cytosols 0-33 2.1(7.0) 0 36 17
Urine 0 0 0 10 0

From lactating women.
PNipple aspirate fluid.
°NAF obtained from patients with breast cancer.
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Figure 2 — HPLC separation of three biologic fluids and analysis of all fractions with the developed hK6 zyme
immunoassay. In all three fluids, we detect a single immunoreactive peak around fractions 38 to 42, corresponding to a
molecular mass of ~30 kDa. The column was calibrated with molecular weight standards (shown on top with arrows;
masses are in kDa). The milk sample was diluted 10 times before injection into the HPLC column. For more details on the

HPLC procedure, see Refs. 15,16.

These new developments have recently been re-
viewed (1).

We do not as yet have available reagents or
methodologies for measuring the newly discovered
kallikrein molecules. It is possible that at least some
of these serine proteinases have applications as
disease biomarkers. To examine these possibilities,
highly sensitive and specific immunologic proce-
dures need to be developed. The experience with
prostate specific antigen has indicated that only
when specific and sensitive immunoassays became
available, PSA testing has gained widespread use
(4). In this paper, we describe development of poly-
clonal antibodies and an immunofluorometric proce-
dure suitable for quantifying hK6 protein in biologic
fluids and tissue extracts. Because a rich natural
source of hK6 protein is not known, we have chosen
to use recombinant hK6 protein for the development
of polyclonal rabbit and mice antibodies. This recom-
binant protein ensures high purity without any
contaminating proteins. The chosen assay configu-
ration does not need any further purification or
conjugation of the primary antibodies used, and it is
thus a convenient method for developing sensitive
immunofluorometric procedures. The same principle
has been adopted previously for measuring the p53
tumor suppressor in biologic fluids (11).

The developed immunoassay for hK6 protein dem-
onstrates good sensitivity and dynamic range (Fig-
ure 1). We have further verified that this assay
detects a single immunoreactive band in the biologic
fluids examined. In serum, this proteinase is present
in its free form, similarly to our observations with
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hK2 measurements (19). However, this is in contrast
to the situation with PSA, which is known to be
present in serum mainly bound to «;-antichymot-
rypsin (17,18).

The survey of a relatively large number of biologic
fluids has indicated that hK6 protein is present at
relatively high concentrations in milk of lactating
women and other breast secretions, including nipple
aspirate fluid and breast cyst fluid (Table 1). Previ-
ously, we have demonstrated presence of other kal-
likreins, including PSA and hK2, in these biologic
fluids (20-27). We have further detected large
amounts of hK6 protein in cerebrospinal fluid, which
are consistent with the observation that hK6 is
expressed at high levels in brain tissue (7). We have
further demonstrated presence of hK6 in male and
female sera and seminal plasmas and in a small
percentage of amniotic fluids and breast tumor cy-
tosols. Previously, we have demonstrated presence
of PSA and hK2 in these biologic fluids as well
(20-27). It is interesting to note that although
seminal plasma contains extremely high levels of
PSA and hK2 (2,6), our assay detected very small
amounts of hK6 in this biologic fluid (Table 1). This
further demonstrates that the homologous proteins
PSA and hK2 do not have any major cross-reactivity
with the developed hK6 assay.

The assay developed here represents the first
method for detecting hK6 protein in biologic fluids.
Our results further demonstrate that hK6 is a se-
creted protein, as predicted by its deduced amino
acid sequence (10). We did not establish if hK6 is
secreted as an active enzyme or as a pro-form.
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Figure 3 — Analysis of various human tissue cytosolic extracts for hK6 zyme protein.

The newly developed immunofluorometric assay
for hK6 may find applications toward the possible
diagnostic/prognostic value of this biomarker in var-
ious human diseases. More specifically, we are in-
terested to examine if the levels of hK6 in cerebro-
spinal fluid are associated with Alzheimer’s or other
degenerative neurologic diseases, as preliminarily
suggested by Little et al. (7). We are further inter-
ested to examine if hK6 concentration in serum or
other biologic fluids is altered in various malignan-
cies, with mechanisms similar to those operating for
PSA and hK2. These future studies will establish is
hK®6 is an additional clinical biomarker of the kal-
likrein gene family.
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