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itivity for KLK6 and KLK10 mRNA compared with 33% for 
other cancer types. Signifi cant correlations were identi-
fi ed among mRNA of KLK4, 5, 6, 7, 8, 9, 10, 11, 13, 14 and 
15 in cancer cells isolated from ascites fl uid.  Conclusion:  
Kallikrein expression by ovarian cancer cells is not spe-
cifi c enough for detecting disseminated disease. Kalli-
krein expression may have some value for differentiating 
ovarian cancer from other types of cancer or from non-
malignant diseases that lead to ascites accumulation.  

 Copyright © 2006 S. Karger AG, Basel 

 Introduction 

 Ovarian cancer is the most lethal gynaecological ma-
lignancy, with a survival of less than 50%  [1] . The lifetime 
probability of epithelial ovarian carcinomas, which con-
stitute approximately 90% of ovarian cancer cases, is 
1.7%  [1] . The high mortality rate of ovarian cancer is 
mainly ascribed to late diagnosis, and 75% of women with 
the disease have tumour spread beyond the pelvis at the 
time of diagnosis. 

 The International Federation of Gynecology and Ob-
stetrics stage at diagnosis represents the major prognostic 
factor for ovarian cancer. Other conventional prognostic 
markers include tumour grade, age, residual tumour after 
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  Abstract 
  Background:    Kallikreins are a family of secreted serine 
proteases, encoded by 15 genes which all localize in tan-
dem on chromosome 19q13.4. Several members of this 
family have been previously associated with ovarian 
cancer. Kallikreins 6 (KLK6) and 10 (KLK10) are elevated 
in tumour cells, serum and ascites fl uid of ovarian cancer 
patients and correlate with disease prognosis. Other kal-
likreins that have been related to ovarian cancer include 
KLK4, 5, 7, 8, 9, 11, 13, 14 and 15. We hypothesized that 
KLK6 and KLK10 can be utilized to monitor dissemination 
of ovarian cancer cells in blood and ascites fl uid of ovar-
ian cancer patients.  Methods:  RNA was isolated by im-
munomagnetic separation of cancer cells and was ampli-
fi ed by RT-PCR.  Results:    Screening for disseminated 
cancer cells in blood from 24 ovarian cancer patients, with 
RT-PCR for KLK6 mRNA, resulted in 75% positivity; how-
ever, this was not different from the positivity of normal 
controls. By utilizing KLK10 as a marker, the positivity of 
patients was 40% versus 20% of controls. Screening of 
ascites fl uid of ovarian cancer patients revealed 90% pos-

 Received: June 6, 2005 
 Accepted: June 6, 2005 
 Published online: March 24, 2006 

 Dr. E.P. Diamandis
Mount Sinai Hospital, Department of Pathology and Laboratory Medicine
600 University Avenue
Toronto, Ontario M5G 1X5 (Canada)
Tel. +1 416 586 8443, Fax +1 416 586 8628, E-Mail ediamandis@mtsinai.on.ca 

 © 2006 S. Karger AG, Basel
1010–4283/06/0272–0104$23.50/0 

 Accessible online at:
www.karger.com/tbi 



 Detection of Circulating Ovarian Cancer 
Cell Lines 

 Tumor Biol 2006;27:104–114 105

surgery, presence or absence of ascites and histology  [2] . 
The 5-year survival of patients with ovarian cancer de-
creases according to stage; stage I patients have a 5-year 
survival of around 80–90% compared with only 12–25% 
for patients with late-stage disease  [3] . 

 Dissemination of tumour cells occurs primarily in 
stage II when the tumour invades the surrounding organs 
within the abdominal cavity  [4] . At a later stage, tumour 
cells spread within the abdominal cavity and the main 
indicator of intraperitoneal metastasis is the formation of 
ascites fl uid. At later stages, tumour cells enter the lym-
phatic or the haematogenous circulation. 

 One way to assess metastasis is to determine the levels 
of disseminated tumour cells in the circulation. This test 
can also be used to monitor response to therapy or to de-
tect cancer relapse  [5, 6] . Thus far, detection of dissemi-
nated tumour cells has been studied mainly in blood, 
bone marrow and lymph nodes of patients with several 
types of cancers, such as ovarian, breast, colorectal and 
prostate cancer  [7–11] . The methods are based on immu-
nological or molecular detection of cancer-specifi c genes 
and proteins. Assays that utilize mRNA transcripts have 
a detection limit around 1–10 tumour cells admixed with 
10 7  normal cells  [7, 8, 10] . Recent studies focus on the 
fl ow cytometric identifi cation of tumour cells  [12, 13] , as 
well as on the enrichment and molecular analysis of tu-
mour cells isolated from fl uids such as ascites fl uid and 
blood  [14, 15] . Both methods use antibodies against tu-
mour or tissue-specifi c proteins. Up to 10 4 - to 10 5 -fold 
enrichment of tumour cells may be achieved and the de-
tection limit can reach the level of 1 tumour cell per mil-
lilitre  [14] . 

 One of the major screening methods for ovarian cancer 
is the serum levels of CA125. However, specifi city is poor 
due to high levels of CA125 expression in other malignant 
and non-malignant conditions, such as pregnancy, endo-
metriosis, uterine fi broids and pelvic infl ammatory dis-
ease  [16] . CA125 remains an excellent tool for aiding di-
agnosis and for monitoring response to treatment  [17] . 
Several other biomarkers such as lysophosphatidic acid, 
placental alkaline phosphatase and carcinoembryonic an-
tigen, have been studied in parallel with CA125, in an 
effort to increase its diagnostic sensitivity for ovarian can-
cer  [17, 18] . A family of proteases, human tissue kallikre-
ins, are also under investigation for their clinical value in 
detecting ovarian cancer  [19] . 

 Kallikreins belong to the S1 family of serine proteases. 
In humans, the term ‘tissue kallikreins’ is used to describe 
a group of 15 structurally related and secreted serine pro-
teases, hK1–hK15 (the genes are designated ‘ KLK1–

KLK15’ ). Among kallikreins, prostate-specifi c antigen 
(also known as hK3) is the best biomarker for prostate 
cancer and along with hK2 has been extensively studied 
 [20] . Recent reviews provide detailed information on the 
genomic and structural organization of kallikreins, their 
tissue expression and mode of regulation  [19, 21] . These 
proteases are abundantly expressed in groups in several 
cancer types and especially in hormone-dependent can-
cers  [19, 22] . In addition, many alternative kallikrein 
transcripts and splice variants are differentially expressed 
in cancer and some are cancer specifi c  [19] . 

 In ovarian carcinoma, kallikreins (KLK) 4, 5, 6, 7, 8, 
9, 10, 11, 13, 14 and 15 are up-regulated in tissues, serum 
or ovarian cancer cell lines at the mRNA and/or protein 
levels  [19] . The utilization of kallikreins as cancer bio-
markers has been the subject of several recent studies  [19, 
21–30] . In this present study, we examined if KLK6 and 
KLK10 expression can be used to detect circulating tu-
mour cells in the blood of ovarian cancer patients. We 
also studied the expression of other kallikreins which 
have previously been associated with ovarian cancer in 
tumour cells isolated from ascites fl uid of ovarian cancer 
patients. 

 Materials and Methods 

 Collection of Blood and Ascites Samples 
 Blood and ascites fl uid samples from ovarian cancer patients 

were collected at the Gynecologic Oncology Clinic, Princess Mar-
garet Hospital, Toronto, Canada. Blood and/or ascites fl uid from 
liver, pancreatic, uterine and peritoneal cancer patients and pa-
tients with carcinoma of unknown origin, as well as blood from 
apparently healthy women were collected. 

 Histopathological staging, pre- and post-surgical levels of 
CA125, as well as information on the date of diagnosis, surgery and 
chemotherapy, were also available. Blood was collected in acid ci-
trate dextrose (22 g/l trisodium citrate, 8 g/l citric acid, 24.5 g/l 
dextrose) tubes, while ascites samples were collected in 500-ml vac-
uum bottles. Samples were kept at 4   °   C and processed within 2 h to 
avoid cell lysis and mRNA degradation. Our procedures have been 
approved by the Ethics Review Board of Mount Sinai Hospital and 
Princess Margaret Hospital, Toronto, Canada. 

 Cell Lines 
 We identifi ed Caov-3 (also known as HTB75), an ovarian ad-

enocarcinoma cancer cell line that expresses KLK6 at the mRNA 
and protein level, and LNCaP, a prostatic carcinoma cell line that 
is KLK6 negative. Cell lines were obtained from the American Type 
Culture Collection (ATCC, Rockville, Md., USA). PC3 (AR6), a 
prostate cancer cell line that has been stably transfected with the 
androgen receptor gene and found to express KLK6, was kindly 
provided by Dr. Theodore Brown (Samuel Lunenfeld Research 
Institute, Mount Sinai Hospital)  [31]  and was used as a positive 
control. All cell lines were cultured in RPMI 1640 medium (Invi-
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trogen, Carlsbad, Calif., USA) supplemented with fetal bovine 
 serum (10%) and gentamicin (0.04 mg/ml) in 75-cm 2  fl asks. Cul-
tures were maintained at 37   °   C in a humidifi ed 5% CO 2  atmo-
sphere until near confl uent, harvested by treatment with trypsin-
EDTA (0.05%) (Invitrogen) for 10 min and washed at least once 
with cold PBS (4   °   C). All cells were counted prior to use. Cells used 
to spike blood from healthy women were cultured as above but 
were incubated with 10 m M  EDTA, instead of trypsin. Cells were 
pelleted by centrifugation for 10 min at 1,200 rpm and washed 
with cold PBS. 

 Detection Limit of KLK6 Transcripts 
 Human KLK6 cDNA (GeneBank accession number NM_

002774), cloned into a Bluescript plasmid vector and propagated 
in a DH5 �   Escheria coli  host strain, was kindly provided by 
Dr. Georgia Sotiropoulou (Department of Pharmacy, University 
of Patras, Greece) and was stored at –20   °   C. Construct stock con-
centration was spectrophotometrically estimated at 7.5  !  10 10  
transcripts/ � l. To evaluate the detection limit of our method, this 
stock was serially diluted down to 1 transcript/ � l. All dilutions were 
done in salmon sperm DNA (0.1  � g/ml) (Sigma-Aldrich Canada 
Ltd., Oakville, Canada). 

 Isolation of Spiked Tumour Cells from Blood 
 Whole blood from 20 healthy volunteers was collected in acid 

citrate dextrose tubes, as previously described  [32] . Ten samples 
were collected from women aged 30–60 years, 5 from women aged 
19–30 years and 5 from men aged 25–35 years. HTB75 cells were 
spiked into 10 ml of blood (from the same donor) to obtain a series 
with 15,000–15 tumour cells per tube. Thousand LNCaP cells 
spiked to 10 ml of blood and a non-spiked blood sample served as 
negative controls. 

 Isolation of tumour cells from whole blood was performed using 
Dynabeads ®  Epithelial Enrich (Dynal Biotech Inc., Brown Deer, 
Wisc., USA), according to the manufacturer’s instructions. This 
method utilizes magnetic beads, coated with a monoclonal anti-
body (Ber-EP4) specifi c for two glycoprotein antigens (34 and 
39 kDa) of the cell surface. Briefl y, the enrichment step involves 
incubating the sample with the magnetic beads and placing the tube 
inside a magnetic separator for capture of the magnetically labeled 
cells. Ber-EP4 antigens are present in the majority of malignant 
cells and some non-malignant cells; however, the expression is lim-
ited to cells of epithelial origin  [33] . Blood samples from healthy 
volunteers were similarly analyzed. Cells isolated with the beads 
were subjected to RNA extraction. 

 Isolation of Tumour Cells from Blood and Ascites of Cancer 
Patients 
 We analyzed blood samples from (1) histologically confi rmed 

ovarian cancer patients (n = 24), (2) ovarian cancer patients before 
(n = 8) or after (n = 13) surgery, (3) ovarian cancer patients before 
(n = 5), during (n = 5) or after (n = 11) chemotherapy, and (4) pa-
tients in remission (n = 6), treatment (n = 9) or relapse (n = 9). We 
also analysed blood samples from 3 patients with other gynaeco-
logical cancers (2 uterine and 1 of unknown origin). We included 2 
blood samples from patients with non-gynaecological tumours (1 
pancreatic and 1 metastatic breast cancer of unknown primary or-
igin). Tumour cells were isolated as above. 

 We additionally isolated cancer cells from ascites fl uid of 7 ovar-
ian cancer patients, for which we also had blood samples, and 3 

ovarian cancer patients with no matched blood samples. We further 
analyzed ascites fl uid from 2 patients with gynaecological tumours 
(1 uterine and 1 of unknown origin) and 4 patients with other types 
of cancer (2 pancreatic, 1 liver and 1 metastatic breast cancer of 
unknown primary origin). For 1 case of gynaecological cancer of 
unknown origin and 2 cases of pancreatic and metastatic breast 
cancer of unknown primary origin, we had available blood samples 
as well. Ascites fl uid was centrifuged for 10 min at 4,000 rpm (4   °   C). 
Cells were pelleted and used for RNA extraction. 

 RNA Extraction 
 Total RNA from HTB75 and LNCaP cells, tumour cells iso-

lated from spiked blood and cells isolated from blood or ascites of 
ovarian cancer patients was extracted using Trizol reagent (Invi-
trogen), according to the manufacturer’s instructions. In the case 
of cells obtained from human blood, we additionally used 250  � g/
ml glycogen (Invitrogen) as carrier  [34] . All total RNA samples were 
quantifi ed spectrophotometrically. 

 RT-PCR 
 In the case of cell lines and cells isolated from ascites, 2  � g of 

total RNA were reverse transcribed into the fi rst cDNA strand us-
ing the Superscript TM  First-Strand system (Invitrogen), according 
to the manufacturer’s instructions. In the case of cells isolated from 
human blood, the maximum allowable quantity of RNA (as sug-
gested by the manufacturer) was used in order to maximize sensi-
tivity. The fi nal volume of RT-PCR reactions was 21  � l. The cDNA 
originating from the cancer cell line HTB75 was serially diluted 
to simulate smaller number of cells. Dilutions were performed 
(1) in salmon sperm DNA and (2) in cDNA extracted from 10 5  
LNCaP cells. In the latter case, ratios ranging from 1:   10 to 1:   10 5  
HTB75:LNCaP cells were used. 

 Based on the nucleotide sequence of the human  KLK6  gene 
(GenBank accession number NM_002774), two gene-specifi c prim-
ers were designed. The forward primer was designed to fl ank cDNA 
exon 1 and the reverse primer to fl ank exons 3 and 4 to avoid am-
plifi cation of genomic DNA. Primers were also designed accord-
ingly for KLK4, 5, 7, 8, 9, 10, 11, 13, 14 and 15. PCR was carried 
out in a mixture containing 2  � l of cDNA from cell lines and cells 
that originated from ascites samples, 2.5  � l 10  !  reaction buffer 
(containing 15 m M  MgCl 2 ), 200  �  M  dNTPs, 0.4  �  M  of primers 
and 2.5 units of HotStar Taq DNA polymerase (Qiagen, Missis-
sauga, Canada) in a fi nal volume of 25  � l on an Eppendorf thermal 
cycler (Brinkmann, Westbury, N.Y., USA). In the case of total RNA 
isolated from spiked blood samples or blood samples from ovarian 
cancer patients, the reaction mixture contained 10.5  � l of cDNA 
in a fi nal volume of 25  � l. In the case of KLK6 plasmid transcripts, 
1  � l of KLK6 cDNA was used in a fi nal volume of 25  � l. cDNA 
obtained from all samples (tumour cells from blood and ascites, cell 
lines and cells from normal blood) was also subjected to  � -actin 
amplifi cation as a control. In this reaction, 1  � l of cDNA was sub-
jected to PCR, using the reaction mixture described above, in a 
fi nal volume of 25  � l. The cycling conditions were 94   °   C for 15 min 
to activate the Taq polymerase, followed by 25–40 cycles of 94   °   C 
for 30 s, annealing at 60–65   °   C for 30 s and extension at 72   °   C for 
30 s. Final extension was performed at 72   °   C for 7 or 10 min. The 
primer sequences, PCR product lengths, annealing temperatures 
and number of PCR cycles used are summarized in  table 1 . Equal 
amounts of PCR products were electrophoresed on 1.5% agarose 
gels and visualized with ethidium bromide staining. 
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 Statistical Evaluation 
 Statistical evaluation was performed with SAS (SAS Institute 

Inc., Cary, N.C., USA) and SPSS software (SPSS Inc., Chicago, Ill., 
USA). Relationships among the different kallikreins, as well as be-
tween kallikrein transcripts and serum CA125 levels, were assessed 
by the Spearman correlation coeffi cient. 

 Results 

 Detection Limit 
 We were able to detect 1 KLK6 transcript cloned in 

a plasmid vector ( fi g. 1 a) with 40 amplifi cation cycles. 
With 35 cycles, the detection limit was 75 KLK6 tran-

scripts (data not shown). We also detected KLK6 tran-
scripts from 0.03 HTB75 cells ( fi g. 1 b). Similar data 
were obtained when KLK6 cDNA was mixed with 
cDNA from LNCaP cells at a ratio down to 1:   10 5  cells 
( fi g. 1 c). 

 Isolation of Spiked Tumour Cells from Blood 
 After immunomagnetic enrichment, we were able to 

detect down to 15 HTB75 cells spiked in 10 ml of anti-
coagulated blood ( fi g. 2 a), which represent an approxi-
mate ratio of 1 tumour cell per 10 7  white blood cells. Un-
spiked blood, as well as blood spiked with 1,000 LNCaP 
cells, served as negative controls. 

Table 1. PCR amplifi cation of kallikrein genes and �-actin

KLK
gene

Primer sequencea Length of
product
bp

Annealing
tempera-
ture, °C

Number
of PCR
cycles

Cell
source

KLK4 F: GCGGCACTGGTCATGGAAAACG
R: AACATGCTGGGGTGGTACAGCGG

437 65 35, 25 ascites

KLK5 F: GTCACCAGTTTATGAATCTGGGC
R: GGCGCAGAACATGGTGTCATC

328 60 35, 25 ascites

KLK6 F: GAAGCTGATGGTGGTGCTGAGTCTG
R: GTCAGGGAAATCACCATCTGCTGTC

454 60 40 cell lines
40 blood
35, 25 ascites

KLK7 F: CCGCCCACTGCAAGATGAATGAG
R: AGCGCACAGCATGGAATTTTCC

454 65 35, 25 ascites

KLK8 F: GCCTTGTTCCAGGGCCAGC
R: GCATCCTCACACTTCTTCTGGG

416 65 35, 25 ascites

KLK9 F: TCTTCCCCCACCCTGGCTTCAAC
R: CGGGGTCTGGAGCAGGGCTCAG

409 65 35, 25 ascites

KLK10 F: GGAAACAAGCCACTGTGGGC
R: GAGGATGCCTTGGAGGGTCTC

468 60 40 blood
35, 25 ascites

KLK11 F: CTCTGGCAACAGGGCTTGTAGGG
R: GCATCGCAAGGTGTGAGGCAGG

461 60 35, 25 ascites

KLK13 F: GGAGAAGCCCCACCCACCTG
R: CACGGATCCACAGGACGTATCTTG

441 65 35, 25 ascites

KLK14 F: CACTGCGGCCGCCCGATC
R: GGCAGGGCGCAGCGCTCC

485 65 35, 25 ascites

KLK15 F: CTACGGACCACGTCTCGGGTC
R: GACACCAGGCTTGGTGGTGTTG

459 65 35, 25 ascites

�-Actin F: ATCTGGCACCACACCTTCTA 835 62 35 cell lines
R: CGTCATACTCCTGCTTGCTG 35 blood

35 ascites

a 5�]3� orientation.
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  Fig. 1.  Detection limit of  KLK6  gene tran-
scripts.  a  Serial dilutions of KLK6 tran-
scripts cloned in Bluescript plasmid. The 
detection limit is 1 KLK6 transcript. Lane 
1: molecular weight marker. Lanes 2–7: 
number of KLK6 transcripts, ranging from 
75,000 to 1 transcript. Lane 8: positive con-
trol (cDNA derived from 10 6  HTB75 cells). 
Lane 9: negative control (no cDNA).  b  Se-
rial dilutions of cDNA reverse transcribed 
from total RNA isolated from HTB75 cells. 
The detection limit is 0.03 HTB75 cells. 
Lane 1: molecular weight marker. Lanes 2–
6: number of HTB75 cells, ranging from 
300 to 0.03 cells. Lane 7: positive control 
(cDNA derived from 10 6  HTB75 cells). 
Lane 8: negative control (no cDNA).  � -
 Actin data are also shown for comparison. 
 c  Serial dilutions of cDNA from HTB75 
cells mixed with cDNA from LNCaP cells. 
The detection limit is 0.03 HTB75 cells 
mixed with LNCaP cells, corresponding to 
a ratio of 1:   10 5  LNCaP cells (lane 6). cDNA 
from LNCaP cells was also amplifi ed as neg-
ative control. Lane 1: molecular weight 
marker. Lanes 2–6: number of HTB75 cells, 
ranging from 300 to 0.03 cells. Lane 7: pos-
itive control (cDNA derived from 10 6  
HTB75 cells). Lane 8: 10 3  LNCaP cells. 
Lane 9: negative control (no CDNA).  � -Ac-
tin data are also shown for comparison. 
bp = Base pairs. 
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  Fig. 2.   a  Isolation of spiked HTB75 tumour 
cells from blood. 15,000, 1,500, 150 and 15 
HTB75 cells were spiked into 7 ml of whole 
blood and isolated by immunomagnetic cell 
separation as described under ‘Materials 
and Methods’. The detection limit is 15 
HTB75 cells (lane 5). A blood sample spiked 
with 1,000 LNCaP cells served as negative 
control (lane 9). Lane 1: molecular weight 
marker. Lanes 2–5: number of HTB75 cells. 
Lane 6: non-spiked blood. Lane 7: positive 
control (cDNA derived from 10 6  HTB75 
cells). Lane 8: negative control (no cDNA). 
 � -Actin was used to check the integrity of 
the cDNA.  b  Expression pattern of KLK6 
in the blood of female healthy volunteers. 
Note the weak expression of KLK6 in most 
of the samples. For more data and discus-
sion, see text.  c  KLK6 expression in blood 
of cancer patients. Lanes 1–2: uterine can-
cer. Lanes 3–10: ovarian cancer. Note the 
weak expression of KLK6 in most of the 
samples, similarly to  b . 
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 KLK6 Expression in Blood of Healthy Volunteers and 
Ovarian Cancer Patients 
 Sixteen out of 20 (80%) blood samples from healthy 

volunteers were weakly positive for KLK6 mRNA 
( fi g. 2 b). Eighteen blood samples from the 24 ovarian 
cancer patients (75%) were also KLK6 positive ( fi g. 2 c). 
One out of 3 (33%) non-ovarian gynaecological tumours, 
as well as 2/2 (100%) blood samples obtained from non-
 gynaecological cancer patients were positive as well. 

 KLK10 Expression in Blood of Healthy Volunteers 
and Ovarian Cancer Patients 
 Out of 10 tested samples from healthy controls, 2 were 

weakly positive for KLK10 mRNA ( fi g. 3 a), while 4/10 
samples from ovarian cancer patients were also positive 
( fi g. 3 b). 

Table 2. Positivity rate for kallikrein mRNAs isolated from cells derived from ascites fl uid of cancer patients

mRNA positivity KLK4 KLK5 KLK6 KLK7 KLK8 KLK9 KLK10 KLK11 KLK13 KLK14 KLK15

All patients (n = 16)
Ovarian cancer 6/10 9/10 9/10 9/10 9/10 9/10 10/10 10/10 10/10 7/10 7/10
Other gynaecological cancers 1/2 1/2 1/2 1/2 1/2 1/2 1/2 1/2 1/2 0/2 2/2
Non-gynaecological cancers 1/4 2/4 1/4 2/4 0/4 2/4 2/4 3/4 4/4 3/4 2/4

Ovarian cancer patients (n = 10)
Surgery

Before 3/6 5/6 5/6 5/6 5/6 5/6 6/6 6/6 6/6 4/6 4/6
After 3/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/4 3/4

Chemotherapy
Before 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 0/1
During 3/5 4/5 4/5 4/5 4/5 4/5 5/5 5/5 5/5 3/5 3/5
After 2/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 4/4 3/4 4/4

Condition
Treatment 2/4 3/4 3/4 3/4 3/4 3/4 4/4 4/4 4/4 3/4 1/4
Relapse 4/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/6 4/6 6/6

Surgery + chemotherapy
Before 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 0/1
After 2/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 3/3 2/3 3/3

Before surgery
During chemotherapy 2/4 3/4 3/4 3/4 3/4 3/4 4/4 4/4 4/4 2/4 3/4
After chemotherapy 0/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1

After surgery
During chemotherapy 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 0/1

KLK10
468 bp

KLK10
468 bp

�-Actin
835 bp

a

b

1 2 3 4 5 6 7 9 108 C+ C–Marker

1 2 3 4 5 6 7 9 108 C+ C–Marker

  Fig. 3.   a  Expression pattern of KLK10 in 
the blood of female healthy volunteers. The 
blood of 10 female healthy volunteers was 
analyzed to determine the expression pat-
tern of KLK10. Two  samples were weakly 
positive (lanes 3 and 9; not shown in pic-
ture).  b  Expression pattern of KLK10 in 
blood of 10 ovarian cancer  patients. Four 
of the patients are positive.  � -Actin was am-
plifi ed to check the integrity of the cDNA. 
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  Fig. 4.  Expression pattern of various kallikreins in ascites fl uid of 
cancer patients. Lanes 1–8 and 10–11: ovarian cancer. Lane 9: gy-
naecological cancer of unknown origin. Lanes 12 and 16: pancre-
atic cancer. Lane 13: liver cancer. Lane 14: uterine cancer. Lane 

15: metastatic breast cancer of unknown primary origin.  a  Data for 
KLK6 and  � -actin at amplifi cation cycles shown in brackets.  b  Data 
for other kallikreins, as shown at various amplifi cation cycles (in 
brackets). Double bands represent splice variants  [19] . 
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 Kallikrein Expression in Tumour Cells Isolated from 
Ascites Fluid of Cancer Patients 
 We tested for KLK6 transcripts with 25, 35 and 40 

amplifi cation cycles. At 25 cycles, 9/10 (90%) ovarian 
cancer patients were KLK6 positive ( table 2 ). One out of 
2 (50%) patients with other gynaecological malignancies 
was also positive and 1/4 (25%) non-gynaecological can-
cer patients was KLK6 positive ( fi g. 4 a). With 35 and 40 
cycles, ovarian cancer positivity was 100%, but the posi-
tivity of other types of cancer increased to 67 and 83%, 
respectively. 

 We further amplifi ed mRNA from ascites fl uid-iso-
lated cells (16 patients) for KLK4, 5, 7, 8, 9, 10, 11, 13, 
14 and 15 at 25 and 35 cycles ( fi g. 4 b). Nine out of 10 
patients (90%) were positive for KLK5, 7, 8 and 9, 10/10 
(100%) for KLK10, 11 and 13, 7/10 (70%) for KLK14 
and 15, and 6/10 (60%) for KLK4. For gynaecological 

tumours other than ovarian cancer, the positivity for all 
kallikreins was 1/2 (50%), with the exception of KLK14 
and KLK15 (0/2 and 2/2 positive samples, respectively). 
Finally, the positivity for these kallikreins was  1 50% for 
non-gynaecological tumour cases (2–4/4), with the excep-
tion of 0/4 (0%) and 1/4 (25%) for KLK8 and KLK4, re-
spectively. These data are summarized in  table 2 . 

 Correlations 
 Correlations between different kallikrein transcripts, 

between kallikrein transcripts of cells isolated from blood 
and from ascites fl uid, as well as between kallikrein tran-
scripts and serum levels of CA125 were examined. All kal-
likrein transcript levels were semi-quantitatively assessed 
as absent, low, medium or high, based on band intensities 
at different PCR amplifi cation cycles. Data were also cor-
related with various clinicopathological parameters. 

Table 3. Correlations between kallikrein mRNAs from cells isolated from ascites fl uid of ovarian cancer patients

KLK5 KLK6 KLK7 KLK8 KLK9 KLK10 KLK11 KLK13 KLK14 KLK15

KLK4
rs
p

0.27 0.75 0.45 0.61 0.59 0.57 0.41 0.38 0.13 –0.20
0.42 0.008 0.17 0.047 0.055 0.066 0.22 0.25 0.69 –0.55

KLK5
rs
p

1.00 0.76 0.84 0.88 0.52 0.78 0.78 0.81 0.19 –0.14
0.007 0.001 <0.001 0.098 0.005 0.005 0.003 0.58 –0.67

KLK6
rs
p

1.00 0.72 0.94 0.67 0.78 0.79 0.69 0.09 –0.09
0.012 <0.001 0.023 0.004 0.003 0.018 0.79 –0.79

KLK7
rs
p

1.00 0.85 0.73 0.88 0.78 0.76 0.31 –0.26
0.001 0.01 <0.001 0.005 0.006 0.35 –0.43

KLK8
rs
p

1.00 0.75 0.84 0.80 0.77 0.16 –0.16
0.008 0.001 0.003 0.006 0.64 –0.64

KLK9
rs
p

1.00 0.81 0.69 0.64 0.27 –0.44
0.002 0.017 0.032 0.43 –0.18

KLK10
rs
p

1.00 0.89 0.89 0.37 –0.08
<0.001 <0.001 0.26 –0.81

KLK11
rs
p

1.00 0.80 0.42 –0.006
0.003 0.20 –0.99

KLK13
rs
p

1.00 0.21 –0.14
0.53 –0.69

KLK14
rs
p

1.00 –0.07
–0.84

p values <0.05 are shown in bold. rs = Spearman’s correlation coeffi cient.
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 We found many statistically signifi cant correlations 
among kallikrein transcript levels in ascites fl uid of ovar-
ian cancer patients ( table 3 ). KLK6, for example, was 
correlated with KLK4 (p = 0.008), KLK5 (p = 0.007), 
KLK7 (p = 0.012), KLK8 (p  !  0.001), KLK9 (p = 0.023), 
KLK10 (p = 0.004), KLK11 (p = 0.003) and KLK13 
(0.018). No signifi cant correlation between gene expres-
sion of each kallikrein and pre- or post-treatment CA125 
levels was observed. The time course between the surgery 
or the chemotherapy treatment and the sample collection, 
as  well  as  the  rounds  of  chemotherapy,  did  not  corre-
late with the levels of kallikrein transcripts (data not 
shown). 

 Discussion 

 Intraperitoneal spread is the primary mode of dissem-
ination of ovarian cancer  [16] . A common fi nding in ovar-
ian cancer, co-existing with peritoneal metastasis, is the 
formation of ascites fl uid. However, a limitation of ascites 
fl uid as an indicator of ovarian neoplasms is that it is 
common in non-malignant conditions (e.g., liver cirrho-
sis), as well as in abdominal malignancies other than ovar-
ian cancer  [35, 36] . Even though it is considered a rare 
fi nding in ovarian cancer, some studies support the dis-
semination of tumour cells through the lymphatic and 
haematogenous circulation  [4] . The small number of cells 
entering the circulation and their intermittent shedding 
pose limitations for early ovarian cancer detection, based 
on circulating cancer cells  [5, 37] . 

 RT-PCR for the detection of mRNA expressed by dis-
seminated tumour cells is a highly sensitive method, al-
lowing detection of 1 tumour cell in the presence of 10 7  
background cells  [7, 8] . Blood-based detection of cancer 
is an example of a minimally invasive method. Here, we 
preliminarily examine if the  KLK6  gene, which is over-
expressed in ovarian cancer, can be utilized to detect dis-
seminated ovarian cancer cells for the purpose of early-
disease diagnosis, monitoring or prognosis. We found 
that KLK6 transcripts are detected in blood of normal 
subjects and cancer patients with approximately the same 
frequency, precluding the use of KLK6 as a cancer-spe-
cifi c marker in blood. A recent study identifi ed KLK6 
mRNA in disseminated tumour cells from the blood of 
patients with colorectal cancer, but detection was also 
limited by background gene expression  [38] . Expression 
of the gene of interest by non-malignant cells has also 
been reported for other genes and is a common problem 
in establishing a diagnostic method based on gene expres-

sion  [14] . This can be due to illegitimate transcription of 
the gene  [39]  or may be the result of other conditions that 
could alter gene expression, such as infl ammation  [40] . 
KLK6 and its rat ortholog, myelencephalon-specifi c pro-
tease, have been previously identifi ed in infl ammatory 
lesions of multiple sclerosis and have been related to the 
infl ammatory process in these sites  [41] . KLK10 mRNA 
was found to be less sensitive but slightly more specifi c in 
comparison with KLK6 but not suitable for clinical use 
either. 

 Many kallikreins have been associated with either un-
favourable or favourable ovarian cancer prognosis  [21] . 
The expression patterns of these genes in tumour cells 
isolated from ascites fl uid of ovarian cancer patients, as 
well as their correlations, have not been previously re-
ported. Using a highly specifi c RT-PCR method for de-
tecting KLK6 mRNA transcripts, we found expression of 
this gene in 90% (9/10) of ovarian cancer patients ( table 
2 ). However, the positivity of this method for detecting 
non-gynaecological cancers (2 pancreatic, 1 liver and 1 
metastatic breast cancer of unknown primary origin) was 
25% and for detecting other gynaecological cancers 50%. 
These data suggest that KLK6 is not a suffi ciently spe-
cifi c ascites fl uid marker to differentiate between ovarian 
cancer and other gynaecological or non-gynaecological 
malignancies. KLK10, 11 and 13 seem to be even more 
sensitive and KLK8 more ovarian cancer specifi c com-
pared with the other kallikrein genes. Recent studies sup-
port the use of marker panels to identify circulating tu-
mour cells or as diagnostic tests  [42, 43] . In two of our 
previous studies, serum levels of KLK6 and KLK10 were 
combined with CA125 to increase the diagnostic sensitiv-
ity in both early and late stages of disease  [44, 45] . 

 The mechanisms through which kallikreins may pro-
mote or inhibit carcinogenesis remain to be elucidated. 
Of interest is the recent fi nding that tumour cells shed 
vesicles into the circulation, which are loaded with pro-
teases that are responsible for increased invasiveness  [46, 
47] . According to another study, the chemopreventive 
agent alpha-difl uoromethylornithine blocked the expres-
sion of many tumorigenesis-related genes but left unaf-
fected the expression of some others, including KLK6 
 [48] . It is possible that KLK6 may play a role in chemo-
therapy-resistant tumours, as it has been proposed for 
KLK3 and KLK10 in breast cancer  [19]  and KLK4 in 
ovarian cancer  [27] . Kallikreins have also been reported 
to cleave extracellular matrix proteins, have been associ-
ated with tissue remodelling  [19]  and neo-vascularization 
 [49]  and can effectively activate pro-urokinase-type plas-
minogen activator  [19] , a protease involved in invasion 
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and metastasis. They have also been co-localized with 
several hormones  [19] , indicating a possible role in hor-
mone activation. It has been speculated that kallikreins 
are part of a cascade enzymatic pathway that is activated 
in ovarian cancer  [19] . In this regard, in the future, kal-
likreins may serve as potential therapeutic targets. 
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