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Background: There is an urgent need for discovery and validation
of new serum biomarkers for ovarian carcinoma. Early diagnosis of
ovarian cancer with serologic analysis may improve clinical out-
comes through administration of effective treatment. Human kal-
likrein 6 (hK6, encoded by the KLK6 gene) is a serine protease of the
kallikrein gene family. Recently, we were able to develop an immun-
ofluorometric procedure for the quantitative measurement of hK6 in
biologic fluids, including serum.
Methods: We have used an hK6-specific immunofluorometric as-
say to quantify hK6 protein in a large number of serum samples from
normal individuals, as well as from patients with various malignan-
cies.
Results: We report for the first time, significant increase of serum
hK6 concentration in a large proportion of patients with ovarian
carcinoma. The elevations of hK6 appear to be relatively specific for
ovarian cancer because other malignancies did not cause any
increase in the concentration of this biomarker in serum. Serial hK6
measurements appear to correlate with CA125 levels in patients
monitored postsurgery.
Conclusions: This is the first report describing significant elevations
of hK6 concentration in serum of ovarian cancer patients. These
data suggest that hK6 may represent a potential new biomarker for
diagnosis and monitoring of ovarian carcinoma. Copyright © 2000
The Canadian Society of Clinical Chemists

KEY WORDS: Human kallikrein 6; zyme; protease M;
neurosin; tumor markers; ovarian cancer biomarkers.

Introduction

U
ntil recently, the human kallikrein gene family
was thought to consist of only genes: pancreatic/

renal kallikrein (KLK1, encoding for hK1 protein),
human glandular kallikrein 2 (KLK2, encoding for
hK2 protein) and human kallikrein 3 (KLK3, encod-
ing for hK3 protein or prostate-specific antigen
[PSA]). The latter two kallikreins, PSA and hK2, are

relatively prostatic-specific and they have already
found important applications as biomarkers for the
diagnosis and monitoring of prostate cancer (1–6).

New members of the human kallikrein gene fam-
ily have recently been discovered (1). This gene
family now contains at least 14 genes that are all
encoding for serine proteases, show significant ho-
mology at both the DNA and amino acid level and
they are all localized at the chromosomal locus
19q13.3-q13.4, in tandem, without any intervention
from other nonkallikrein genes. This area of inves-
tigation has recently 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). Recently,
uniform nomenclature for all newly discovered and
the traditional kallikrein genes has been established
(10). The KLK6 gene encodes for a trypsin-like
serine protease of 244 amino acids in length, of
which 16 amino acids constitute the signal peptide
and 5 amino acids, the activation peptide. The ma-
ture enzyme consists of 223 amino acids. It has been
previously predicted that hK6 is a secreted protein
(7–9,11). This was recently verified by finding hK6
protein in various biologic fluids, including cerebro-
spinal fluid, nipple aspirate fluid, breast cyst fluid,
male and female serum, seminal plasma, amniotic
fluid, and breast cancer cytosols (12). Little et al. (7)
have demonstrated that this enzyme has amyloido-
genic potential in the brain and may play a role in
the development and progression of Alzheimer’s
disease. Others have cloned the same gene by the
method of differential display, and found that it is
down-regulated in aggressive forms of breast cancer
(8). The same gene was cloned by Yamashiro et al.
from the human colon adenocarcinoma cell line
COLO 201 (9). The availability of a highly sensitive
hK6 immunoassay made possible the measurement
of hK6 in various biologic fluids (12). We here
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hypothesize that hK6 concentration in serum may
be altered during various disease processes, and
especially, in cancer. In this paper, we report mea-
surement of hK6 protein in a large number of serum
samples obtained from patients with diverse malig-
nancies. Although, in most cancer cases, hK6 con-
centration was not elevated, we found that hK6
concentration in serum is significantly increased in
a large proportion of patients with ovarian cancer.
These data suggest that hK6 may constitute a new
biomarker for diagnosis and monitoring of ovarian
carcinoma.

Materials and methods

IMMUNOFLUOROMETRIC ASSAY FOR HK6

The details of this immunofluorometric assay
have been recently described (12). The assay utilizes
two hK6-specific polyclonal antibodies, one raised in
mouse and the other raised in rabbit. This is a
noncompetitive immunofluorometric procedure that
incorporates the principles of time-resolved fluorom-
etry for detection. The assay measures hK6 in the
range of 0.5 to 200 mg/L with precision , 10%.
Serum samples were analyzed without sample pre-
treatment.

CLINICAL SAMPLES

For this investigation, we used leftover serum
samples obtained from patients with various malig-
nancies (Table 1). We have deliberately included
patients with relatively high tumor burden (as indi-
cated by tumor marker levels of at least 10-fold
higher than the upper limit of normal) to increase
the chance of detecting possible hK6 elevations in
serum. All serum samples were stored at 220 °C

until analysis for a maximum time of 1 yr. Our
procedures are in accordance with the Ethical Stan-
dards of the Helsinki Declaration of 1975, as revised
in 1983.

ANALYSIS OF TUMOR MARKERS

The tumor markers CA125, PSA, CEA, and AFP
were analyzed on the Elecsys immunoassay ana-
lyzer (Roche Diagnostics, Indianapolis, IN, USA).
CA15.3, CA19.9, and hCG were analyzed on the
Immuno 1 immunoassay analyzer (Bayer Diagnos-
tics, Tarrytown, NY, USA) and calcitonin was mea-
sured with a radioimmunoassay kit from Diasorin,
Italy. The upper limit of normal values for the tumor
markers were 35 KU/L (CA125), 4 mg/L (PSA), 10
mg/L (AFP), 5 mg/L (CEA), 35 KU/L (CA15.3), 37
KU/L (CA19.9), 10 IU/L (hCG), and 100 ng/L (calci-
tonin).

Results

A total of 378 serum samples were analyzed with
the previously described immunofluorometric assay
for hK6 (13). These samples were from either normal
individuals (male and female) or from patients with
various malignancies. The obtained data are shown
in Table 1. While in none of the normal controls and
in only two samples from patients with nonovarian
malignancies the hK6 concentration was above 15
mg/L (an arbitrary cutoff), the majority of patients
with ovarian carcinoma (;66%) had highly elevated
hK6 concentrations in their serum (.15 mg/L). The
distribution of hK6 values in serum of ovarian
cancer patients is shown in Figure 1. As shown in
Figure 2, the correlation between hK6 concentra-

TABLE 1
Concentration of Human Kallikrein 6 (hK6) in Serum of Normal Individuals and Patients with Various Malignancies

Patient Group

hK6, mg/L

Number of
Samples Min Max Median

95th

Percentile

No. of Patients
with hK6 . 15

mg/L (%)

Normal males 41 3.2 11.4 7.5 11.1 0 (0)
Normal females 40 3.5 13.7 7.0 10.8 0 (0)
Breast cancera 24 1.1 11.9 4.3 9.7 0 (0)
Medullary thyroid carcinomab 29 0 13.9 5.0 11.8 0 (0)
Testicular cancerc 78 2.0 32.2 9.3 14.3 1 (2)
Gastrointestinal cancerd 28 2.6 10.6 5.7 9.6 0 (0)
Prostate cancere 40 1.0 16.1 4.1 9.5 1 (2)
Lung cancer 18 2.6 7.4 5.2 6.7 0 (0)
Ovarian cancerf 80 1.0 206 23.0 148 53 (66)

aWith serum CA 15.3 levels . 414 KU/L (upper ref. range 5 KU/L).
bWith calcitonin levels $ 1,135 ng/L (upper ref. range 100 ng/L).
cWith hCG levels $ 69 IU/L (upper ref. range 10 IU/L) or AFP levels $ 110 mg/L (upper ref. range 10 mg/L).
dWith CA 19.9 levels $ 629 KU/L (upper ref. range 37 KU/L) and CEA levels $ 1,000 mg/L (upper ref. range 5 mg/L).
eWith PSA $ 324 mg/L (upper ref. range 4 mg/L).
fWith CA 125 $ 372 KU/L (upper ref. range 35 KU/L).
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tions and CA125 levels is poor and not statistically
significant.

In Figure 3, we present data on temporal changes
of serial serum hK6 and CA125 concentration in
four patients with ovarian cancer. The hK6 concen-
tration changes during the monitoring period, simi-
larly to CA125, suggesting that this new biomarker
may have value for patient management.

Discussion

Ovarian cancer is a serious disease that causes
more deaths than any other cancer of the female
reproductive system (13). Since survival could be
dramatically improved if the disease is diagnosed
early (14), there is great interest in the identifica-
tion of biomarkers that could aid in the early detec-
tion and facilitate grading and/or staging (15). Un-
fortunately, the current serologic markers for
ovarian carcinoma, including CA125 (16–19), in-
hibin (20–23), OVX1 (24), as well as many other
markers (reviewed in 25) have shown some promise
but have not gained wide clinical acceptance. An-
other potential ovarian cancer marker, lysophospha-
tidic acid, appears to also have some value for this
purpose (26).

Among the classical human kallikreins, PSA has
proven to be the most valuable biomarker for pros-
tate cancer and is currently used for diagnosis and
monitoring of this disease (2–4). Another potential
prostatic biomarker, hK2, has also been recently
introduced (5,6). Among the newly discovered kal-
likreins (1), none of them has been examined as a
serologic marker for any malignancy because no
methods currently exist to measure the secreted
proteins with high sensitivity and specificity. The
availability of a highly sensitive and specific assay
for hK6 (developed by our group) (12) enabled us to
perform this study and examine if hK6 analysis in
serum has value for cancer diagnosis and monitor-
ing.

The data of Table 1 summarize our findings and
demonstrate that among all cancer types tested
(normal males and females vs. breast, thyroid, tes-

Figure 1 — Frequency distribution of hK6 concentrations
in the serum of 80 patients with ovarian carcinoma. The
level of 15 mg/L that was used as a cutoff in Table 1 is
indicated by an arrow. Approximately 66% of ovarian
cancer patients have serum hK6 concentration higher
than this cutoff value. From another 298 serum samples
with nonovarian cancer, only 2 sera had values slightly
higher than 15 mg/L (see Table 1).

Figure 2 — Correlation between hK6 and CA125 concentration in 96 serum samples from ovarian cancer patients. There
is no significant correlation between these two ovarian cancer biomarkers.
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ticular, gastrointestinal, prostate, lung, and ovarian
cancer), only ovarian cancer patients show signifi-
cantly elevated levels of this biomarker in the circu-
lation. Approximately 66% of patients had levels
higher than 15 mg/L, a cutoff that affords 98% to
100% specificity for all other cancers tested. Al-
though these data are highly promising, regarding
value of hK6 as a circulating biomarker for ovarian
carcinoma, it should be taken into consideration
that all patients with ovarian cancer had relatively
high levels of CA125 ($ 372 KU/L, which is ;103
higher than the upper reference range). It will be
worthwhile to analyze presurgical serum samples
from ovarian cancer patients at various disease
stages to examine if hK6 concentration in serum
increases early during ovarian cancer development
and progression. Furthermore, the analysis of sera
from ovarian cancer patients, who do not have any
serum CA125 increases, will indicate if this biomar-
ker is complementary to CA125. Our data of Figure
3 indicate that serum levels of hK6 change with time
during ovarian cancer monitoring, suggesting that

this biomarker may be useful for monitoring pa-
tients after primary treatment.

As is evident from Figure 2, there is no significant
correlation between hK6 concentration and CA125,
suggesting that these two biomarkers may be com-
plementary for the diagnosis and management of
ovarian carcinoma. This possibility merits further
investigation.

In conclusion, we here provide the first evidence
that serum hK6 concentration is significantly in-
creased in about 66% of ovarian cancer patients. The
test seems to be specific for ovarian cancer since no
such increases were seen in various other malignan-
cies. We thus propose that hK6 represents a novel
serum biomarker for ovarian cancer, which may find
applicability for disease diagnosis and monitoring.
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Figure 3 — Analysis of hK6 and CA125 in serial serum samples from patients with ovarian cancer. These data suggest that
hK6 may have value for patient monitoring.

DIAMANDIS ET AL.

582 CLINICAL BIOCHEMISTRY, VOLUME 33, OCTOBER 2000



References

1. Diamandis EP, Yousef GM, Luo LY, Magklara A,
Obiezu CV. The new human kallikrein gene family:
implications in carcinogenesis. Trends Endocrinol
Metab 2000; 11: 54–60.

2. Diamandis EP. Prostate specific antigen–its useful-
ness in clinical medicine. Trends Endocrinol Metab
1999; 25: 14–6.

3. McCormack RT, Rittenhouse HG, Finlay JA, Sokoloff
RL, Wang TJ, Wolfert RL, Lilja H, Oesterling JE.
Molecular forms of prostate-specific antigen and the
human kallikrein gene family: a new era. Urology
1995; 45: 729–44.

4. Chu TM. Prostate-specific antigen and early detection
of prostate cancer. Tumor Biol 1997; 18: 123–34.

5. Stenman U-H. New ultrasensitive assays facilitate
studies on the role of human glandular kallikrein
(hK2) as a marker for prostatic disease. Clin Chem
1999; 45: 753–4.

6. Rittenhouse HG, Finlay JA, Mikolajczyk SD, Partin
AW. Human kallikrein 2 (hK2) and prostate-specific
antigen (PSA): Two closely related, but distinct, kal-
likreins in the prostate. Crit Rev Clin Lab Sci 1998;
35: 275–368.

7. Little SP, Dixon EP, Norris F, Buckley W, Becker GW,
Johnson M, Dobbins JR, et al. Zyme, a novel and
potentially amyloidogenic enzyme cDNA isolated from
Alzheimer’s disease brain. J Biol Chem 1997; 272:
25135–42.

8. Anisowicz A, Sotiropoulou G, Stenman G, Mok SC,
Sager R. A novel protease homolog differentially ex-
pressed in breast and ovarian cancer. Mol Med 1996;
2: 624–36.

9. Yamashiro K, Tsuruoiko N, Kodama S, Tsujimoto M,
Yamamura T, Tanaka T, Nakazato H, Yamaguchi N.
Molecular cloning of a novel trypsin-like serine pro-
tease (neurosin) preferentially expressed in brain.
Biochim Biophys Acta 1997; 1350: 11–4.

10. Diamandis EP, Yousef GM, Clements J, Ashworth
LK, Yoshida S, Egelrud T, Nelson PS, Shiosaka S,
Little S, Lilja H, Stenman U-H, Rittenhouse HG,
Wain H. New nomenclature for the human tissue
kallikrein gene family. Clin Chem 2000; 46: 1855–8.

11. Yousef GM, Luo L-Y, Scherer SW, Sotiropoulou G,
Diamandis EP. Molecular characterization of zyme/
proteaseM/neurosin (PRSS9), a hormonally regulated
kallikrein-like serine protease. Genomics 1999; 62:
251–9.

12. Diamandis EP, Yousef GM, Soosaipillai AR, Grass L,
Porter A, Little S, Sotiropoulou G. Immunofluoromet-
ric assay of human kallikrein 6 (Zyme/Protease

M/Neurosin) and preliminary clinical applications.
Clin Biochem 2000; 33: 369–75.

13. Riman T, Persson I, Staffan N. Hormonal aspects of
epithelial ovarian cancer: review of epidemiological
evidence. Clin Endocrinol 1998; 49: 695–707.

14. National Cancer Institute of Canada. Canadian Can-
cer Statistics 1999. Toronto: National Cancer Insti-
tute of Canada, 1999.

15. Menon U, Jacobs IJ. Recent developments in ovarian
cancer screening. Curr Opin Obstet Gynecol 2000; 12:
39–42.

16. Davellar EM, van Kamp GJ, Verstraeten RA, Ken-
emans P. Comparison of serum immunoassays for the
quantification of CA 125 antigen in serum. Clin Chem
1998; 44: 1417–22.

17. Rosenthal AN, Jacobs IJ. The role of CA 125 in
screening for ovarian cancer. Int J Biol Markers 1998;
13: 216–20.

18. Maggino T, Gadducci A. Serum markers as prognostic
factors in epithelial ovarian cancer: an overview. Eur
J Gynaecol Oncol 2000; 21: 64–9.

19. Bast RC Jr, Xu FJ, Yu YH, Barnhill S, Zhang Z, Mills
GB. CA 125: the past and the future. Int J Biol
Markers 1998; 13: 179–87.

20. Robertson DM, Kahir N, Burger HG, Mamers P,
McCloud PI, Pettersson K, MCGuckin M. Combined
inhibin and CA 125 assays in the detection of ovarian
cancer. Clin Chem 1999; 45: 651–8.

21. Lambert–Messerlian GM. Is inhibin a serum marker
for ovarian cancer? Eur J Endocrinol 2000; 42: 331–3.

22. Ala–Fossi SL, Maenpaa J, Blauer M, Tuohimaa P,
Punnonen R. Inhibin A, B and pro-alphaC in serum
and peritoneal fluid in postmenopausal patients with
ovarian tumors. Eur J Endocrinol 2000; 142: 334–9.

23. Burger HG, Baillie A, Drummond AE, Healy DL,
Jobling T, Mamers P, Robertson DM, et al. Inhibin
and ovarian cancer. J Reprod Immunol 1998; 39:
77–87.

24. Xu FJ, Yu YH, Daly L, DeSombre K, Anselmino L,
Hass GM, Berchuck A, et al. OVX1 radioimmunoassay
complements CA-125 for predicting presence of resid-
ual ovarian carcinoma at second-look surgical surveil-
lance procedures. J Clin Oncol 1993; 11: 1506–10.

25. Berek JS, Bast RC Jr. Ovarian cancer screening. The
use of serial complementary tumor markers to im-
prove sensitivity and specificity for early detection.
Cancer 1995; 76: 2092–6.

26. Xu Y, Shen Z, Wiper DW, Wu M, Morton RE, Elson P,
Kennedy AW, et al. Lysophosphatidic acid as a poten-
tial biomarker for ovarian and other gynecologic
markers. J Am Med Assoc 1998; 280: 719–23.

HK6: NEW OVARIAN CARCINOMA BIOMARKER

CLINICAL BIOCHEMISTRY, VOLUME 33, OCTOBER 2000 583


