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ABSTRACT AND INTRODUCTION 

AIM

METHODOLOGY:

We hypothesize that hK15 has clinical utility as a cancer biomarker.  Examining this 
hypothesis requires the development of a sensitive and specific hK15 serum assay, for which 
we must produce large amounts of pure, recombinant hK15.

The kallikreins are a cluster of 15 genes on chromosome 19q13.4, encoding a subgroup of 
secreted serine proteases [1].  Many kallikreins are differentially expressed in hormone-regulated 
malignancies, implicating these proteins as potential cancer biomarkers [1].  The most recently 
cloned member of this gene family is kallikrein 15 (KLK15, gene, hK15, protein) [2].  mRNA 
studies suggest that KLK15 is overexpressed in ovarian cancer tissues, and in more aggressive 
forms of prostate cancer [2-4]. These preliminary experiments implicate KLK15 as a potential 
biomarker for ovarian and prostate cancer, however no studies have examined hK15 expression 
at the protein level.  

To determine the clinical utility of hK15 as a cancer biomarker, a sensitive and specific hK15 
serum assay is essential.  Development of this assay requires large amounts of pure, 
recombinant hK15 for antibody production and assay standardization.

We have produced recombinant hK15 using P. pastoris and mammalian expression 
systems.  KLK15 cDNA obtained from PC3 prostate cancer cells was amplified by PCR and 
cloned into the pPIC9 expression vector downstream of the AOX1 gene, making KLK15
expression inducible by methanol.  KM71 P. pastoris cells were transformed with the KLK15-
pPIC9 expression construct, creating a stable hK15-expressing clone.  hK15 was secreted into, 
and purified from yeast culture supernatant using two stages of chromatography;  cation
exchange chromatography, using SP sepharose beads (GE Healthcare), and reversed phase 
chromatography using a C4 column (Vydac).  Purified hK15 was identified by western blotting 
with an hK15 polyclonal antibody and was of the expected molecular mass of approximately 33 
kDa.  The presence of hK15 was also confirmed by tandem mass spectrometry. 

KLK15 cDNA was also cloned into pcDNA3.1-V5-His and transfected into human embryonic 
kidney (HEK) 293 cells, from which a stable cell line was created.  hK15 was secreted into the 
cell culture supernatant, and purified as described above.  Purified hK15 was identified by 
western blotting and tandem mass spectrometry. 

We used recombinant hK15 to immunize BALB/c mice and New Zealand white rabbits.  
Injections were repeated six times at 3-week intervals, following which, blood was drawn from 
the animals and tested for antibody generation.  Western blotting and ELISA assays (plates 
coated with purified hK15) confirmed that the polyclonal antibodies generated recognized hK15 
produced from yeast, mammalian, and E. coli expression systems. 

Mouse and rabbit polyclonal antibodies were used to develop a sandwich type hK15 
immunoassay.  Our antibodies raised against mammalian hK15 produced were found to be 
optimal, and will be the focus from this point.  A mouse monoclonal antibody (obtained as a 
prerelease reagent from R&D Systems, Inc.) was used for capture, and our rabbit polyclonal for 
detection.   This immunoassay recognized recombinant hK15 produced by yeast, mammalian, 
and E. coli cells, and was used to detect hK15 in various tissue cytosols and biological fluids.  
hK15 was detected primarily in the adrenal gland, salivary gland, seminal plasma and breast 
milk.

OBJECTIVES:

1) To produce large amounts of pure, recombinant hK15.

2) Use recombinant hK15 as an immunogen to produce monoclonal and polyclonal antibodies

3) Develop a sensitive and specific immunoassay for hK15

4) Examine hK15 levels in tissues and biological fluids

5) Perform clinical studies to determine hK15’s utility as a biomarker

Constructs

KLK15 cDNA was cloned into the mammalian expression vector, pcDNA3.1-V5-His.  HEK293 cells were transfected using Fugene 6, and a stable 
cell line created.  

Protein Expression

Once confluent in serum containing medium, hK15 expressing HEK 293 cells were grown in serum free CD CHO (BD Biosciences) medium
containing 15 ug/mL G418, for 10 days, after which the cells were pelleted by centrifugation and the supernatant was retained for purification.

Protein Purification

Recombinant hK15 was purified from HEK 293 cell culture supernatant using two stages of chromatography.  Firstly, cation exchange 
chromatography was performed using SP sepharose fast flow columns (5 mL; GE Healthcare) and secondly, reversed phase chromatography was
performed using a C4 column (Vydac).  Briefly, SP sepharose beads previously activated with 1M NaCl were equilibrated with 50mM sodium 
acetate (pH 5.2).  Supernatant was pumped through the SP sepharose column at a flow rate of 1.0 mL/min to allow for protein binding to the beads.  
The beads were then washed with 50 mM sodium acetate (pH 5.2).  hK15 was eluted using a step gradient starting with a linear gradient from 0-
200 mM NaCl over 20 minutes, followed by constant 200 mM NaCl over 20 minutes.  This step was followed by a second linear gradient from 
200mM-1M NaCl over 40 minutes .  hK15 was eluted in 400 mM NaCl.  Trifluoroacetic acid, as an ion-pairing agent, was added to this eluate (final 
concentration 10 mL/L), which was then loaded on a C4 column equilibrated with 1mL/L trifluoroacetic acid in water.  A linear gradient (1.2% per 
min) of acetonitrile from 10 to 60% in 1mL/L trifluoroacetic acid was then performed.  The fraction containing hK15 was concentrated be evaporation 
of the acetonitrile.  The purified material was separated by SDS-PAGE and stained with coomassie blue to assess its purity and molecular mass.  
Bands stained with coomassie blue from this purified sample were subjected to mass spectrometry analysis to confirm their identity as hK15, as 
described previously [5].

Glycosylation Analysis

10 ug of purified hK15 was treated with PNGaseF, as per the manufactuer’s recommendations (New England Biolabs). 

Production of polyclonal antibodies

Purified, recombinant hK15 was used as an immunogen to immunize rabbits.  hK15 (100 ug) was injected subcutaneously into New Zealand white 
rabbits.  The protein was diluted 1:1 in complete Freund’s adjuvant for the first injection, and in incomplete Freund’s adjuvant for the subsequent 
injections.  Injections were repeated six times at 3-week intervals.  Blood was drawn from the animals and tested for antibody generation.

hK15 mono-poly Assay

White, polystyrene microtiter plates were coated with 250ng/well (diluted in 50 mM Tris, pH7.8) 252820 hK15 mouse monoclonal (obtained by a pre-
release agreement with R&D Systems) and incubated overnight at room temperature.  Plates were washed twice before standards and samples, 
diluted in 6% BSA were applied and incubated at room temperature for 2 hours, with continuous shaking.  Plates were then washed six times, 
following which hK15 rabbit polyclonal antibody, diluted 1:3000 in assay buffer was added and incubated for 1 hour at room temperature with 
shaking. 100uL/well of alkaline phosphatase-conjugated goat anti-rabbit IgG, Fc fragment-specific (Jackson ImmunoResearch), diluted 1:5000 in 
6% BSA was added to each well and incubated for 45 min.  The plates were then washed as above.  Diflunisal phosphate [100 uL of a 1 mmol/L 
solution in substrate buffer (0.1 mol/L Tris pH 9.1), 0.1 mol/L NaCl and 1 mmol/L MgCl2] was added to each well and incubated for 10 min.  
Developing solution (100 uL, containing 1 mol/L Tris base, 0.4 mol/L NaOH, 2 mmol/L TbCl3, and 3 mol/L EDTA) was pipetted into each well and 
mixed for 1 min.  The fluorescence was measured with a time-resolved fluorometer, the Cyberfluor 615 Immunoanalyzer (MDS Noridion).  The 
calibration and data reduction were performed automatically, as described in detail elsewhere [6].

Production of Recombinant hK15

hK15 positive purification fractions 
were identified by western blotting, and 
SDS-PAGE analysis (figure 1).  Purified 
mammalian hK15 resolves as a diffuse band 
of  approximately 38 kDa.
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Figure 1:  Pooled, hK15 positive fractions were resolved by 
SDS-PAGE.  The left panel shows western blotting with an 
hK15 polyclonal antibody.  The right panel shows coomassie
staining of the 38 kDa hK15 band.

Identification of hK15

The presence of hK15 was confirmed 
by tandem mass spectrometry and N-
terminal sequencing.  The table below 
shows the 10 peptides identified by mass 
spectrometry.  These peptides provide 
coverage of the full-length proform of hK15.  
N-terminal sequencing identified the first five 
amino acids of the hK15 proform (DGDLL), 
confirming the recombinant hK15 produced 
by HEK 293 cells is the expected proform.
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Figure 2:  10 ug of purified hK15 was treated with PNGaseF, 
according to the manufactuers directions.  The left panel shows 
coomassie staining of hK15 before treatment and after 
treatment.  The 37.5 kDa band seen after treatment is that of 
PNGaseF itself.  The right panel shows a western blot of the 
identical samples.  hK15 shifts in size after treatment, from 38
kDa to 30 kDa.

Production of hK15 Antibodies

Pure recombinant, mammalian 
hK15 was used to immunize mice and 
rabbits.  Our antibodies were tested for 
their ability to recognize various forms of 
hK15, and the results are shown in 
figure 3.

Development of hK15 mono-poly Assay

Various pairs of antibodies were 
used to determine the optimal 
combination for sensitive and specific 
detection of hK15.  We use an hK15 
mouse monoclonal antibody (obtained as 
a prerelease reagent from R&D Systems, 
Inc) for capture, and our rabbit polyclonal 
antibody (raised against mammalian 
hK15) for detection.  The detection limit of 
our assay is 0.05 ug/L hK15 (figure 4A).  
We have used our assay to examine 
hK15 expression levels in various tissues 
and biological fluids.  Preliminary results 
indicate hK15 expression primarily in the 
salivary, thyroid, and adrenal glands 
figure 4B), as well as in seminal plasma  
(figure 4C).  

Glycosylation Analysis

38 kDa is larger than the expected 
molecular weight of hK15, 30 kDa.  We 
hypothesized this was due to glycosylation of 
hK15.  hK15 contains two potential 
glycosylation sites at amino acids 171 and 232 
We treated pure, recombinant hK15 with 
PNGaseF, an enzyme which removes N-glycan
groups, and found that treatment with this 
enzyme caused hK15 to shift in size from 38 
kDa to 30 kDa.  Results of PNGaseF treatment 
are shown in figure 2.

We have developed a sensitive and specific hK15 immunoassay, which recognizes 
hK15 produced from various sources.  Our assay is a tool, used for detection and 
quantification of hK15 levels in tissues and biological fluids. This will be necessary for 
determining hK15's potential as a cancer biomarker.
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Figure 3:  Various forms of recombinant hK15 as well as a 
prostatic extract, and seminal plasma were resolved by SDS-
PAGE and blotted with our hK15 rabbit polyclonal antibody raised
against mammalian hK15 (left panel), and hK15 mouse 
polyclonal antibody raised against hK15 mammalian protein (right
panel).

ye
as

t
HE

K 
29

3
R&

D 
Sy

st
em

s
E.

 c
ol

i
pr

os
ta

tic
ex

tra
ct

se
m

in
al

 p
la

sm
a

A B

C D

Figure 4:  A) typical calibration curve for the hK15 mono-poly assay.  B) 
hK15 expression in tissue extracts.  C) hK15 expression in six seminal 
plasma samples. 

hK15 concentration (ug/L)

A
Seminal Plasma

1 2 3 4 5 6

0.0

0.1

0.2

0.3

0.4

hK
15

 (u
g/

L)

B

Peptide
Amino Acids

(hK15 proform)

ad
ren

al
tes

tis
thyro

id
sa

liv
ary

 glan
d

co
lon

pro
sta

te
kid

ney

0.000

0.025

0.050

0.075

0.100

0.125

0.150

0.175

Tissue Extract

hK
15

 (n
g/

m
g)

C


	Development of an Immunoassay for Human Kallikrein 15, a Potential Prostate and Ovarian Cancer Biomarker


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


