
Am J Cancer Res 2018;8(9):1856-1864
www.ajcr.us /ISSN:2156-6976/ajcr0083469

Original Article 
Elevated tumor tissue protein expression  
levels of kallikrein-related peptidases KLK10  
and KLK11 are associated with a better prognosis  
in advanced high-grade serous ovarian cancer patients

Xiaocong Geng1*, Yueyang Liu1*, Tobias Dreyer1, Holger Bronger1, Enken Drecoll2, Viktor Magdolen1, Julia 
Dorn1

1Department of Obstetrics and Gynecology, 2Institute of Pathology, Technische Universität München, Munich, 
Germany. *Equal contributors.

Received August 2, 2018; Accepted August 8, 2018; Epub September 1, 2018; Published September 15, 2018

Abstract: Several members of the KLK family have been proposed to modulate various tumor-relevant processes. 
Previously, we have shown that in advanced high-grade serous ovarian cancer tissue high KLK11 mRNA levels 
were significantly associated with prolonged overall and progression-free patients’ survival. Furthermore, KLK11 
mRNA expression positively correlated with KLK10 mRNA. In the present study, we examined the prognostic value 
for both KLK10 and KLK11 on the protein expression level by immunohistochemistry (IHC). A cohort encompass-
ing 159 patient tumor samples afflicted with advanced high-grade (FIGO III/IV) serous ovarian cancer, present 
on tissue microarrays (TMA), was analyzed. For estimation of KLK10 and KLK11 immunoreactivity, an automated 
digital IHC image analysis algorithm was selected to quantify the antibody staining intensity in the tissues via an 
immunoreactive score (IRS). In line with the results obtained by mRNA analysis, KLK10 protein expression values 
were significantly and positively correlated with KLK11 protein expression values. In Kaplan-Meier analyses, both 
elevated KLK10, KLK11, and the combination of KLK10 and KLK11 protein levels were significantly linked with 
prolonged overall survival (OS). The addition of KLK10, KLK11 or the KLK10+KLK11 combination IRS to the base 
model in multivariate Cox analysis demonstrated that high KLK11 and KLK10+KLK11 protein expression levels, 
apart from clinical parameters, remained favorable independent predictive markers for OS. In conclusion, in the 
present study, we have validated the coordinate expression of KLK10 and KLK11 in advanced high-grade serous 
ovarian cancer. Furthermore, both increased KLK10 and KLK11 protein expression is associated with favorable 
prognosis in this major ovarian cancer subtype. The combined KLK10+KLK11 marker performed even stronger than 
KLK10 or KLK11 alone.
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Introduction

Ovarian cancer is the most fatal gynecologic 
malignant tumor in women of the Western 
world. Lack of evident early symptoms usually 
results in late diagnosis, high rate of disease 
recurrence and inevitably following poor prog-
nosis despite therapeutic efforts with high mor-
bidity and toxicity [1]. Therefore, there is an 
urgent need to explore effective methods and 
biomarkers for the evaluation of prognosis  
and therefore individualization of therapeutic 
approaches. 

The kallikrein-related peptidases (KLK) form a 
family of secreted serine proteases, encom-

passing fifteen members clustered on chromo-
some 19q13.4. Several members of the KLK 
family have been reported to be involved in 
ovarian cancer progression and metastasis [2]. 
Regarding their clinical impact, numerous stud-
ies suggested KLKs as prognostic biomarkers 
in various malignant diseases, including ovari-
an cancer. However, often contradictory results 
were reported during the past decade. One rea-
sonable explanation for the discrepancies is 
that most of these analyses were carried out 
using heterogeneous patient cohorts, compris-
ing different histological subtypes, which show 
distinct different molecular behaviors [3]. There- 
fore, in order to validate the relation between 
KLKs and tumor patients’ survival, we perfor- 
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med the present study cautiously concerning a 
single histologic subtype, advanced high-grade 
serous ovarian cancer, which encompasses 
about 70% of all malignant ovarian cancer 
cases. 

Previously, we assessed the prognostic impact 
of KLK10 and KLK11 mRNA expression, also 
restricted to a homogenous patient cohort 
afflicted with advanced high-grade serous ovar-
ian cancer (n = 139). Our study indicated that 
higher KLK11 mRNA levels in tumor tissue 
were significantly associated with prolonged 
overall and progression-free patients’ survival. 
Furthermore, KLK11 mRNA expression posi-
tively correlated with KLK10 mRNA expression 
[4]. 

KLK10 is widely present in normal human 
organs, e.g. breast, prostate, thyroid, and testis 
and KLK11 is found at the highest level in the 
prostate, followed by stomach, trachea, and 
skin. Only weak expression of KLK10 and 
KLK11 exists in the ovary under physiological 
conditions compared to the strong expression 
of KLK10 and KLK11 observed in ovarian  
cancer [5]. High serum levels of KLK10 were 
reported to be significantly associated with 
late-stage high-grade serous ovarian tumors 
[6] and high serum levels of KLK11 were pro-
posed to distinguish ovarian cancer cases from 
healthy tissue controls [7]. 

Patients

159 patients afflicted with advanced high-
grade serous ovarian cancer (FIGO stage III/IV), 
treated between 1991 and 2014 at the Depart- 
ment of Obstetrics and Gynecology, Klinikum 
rechts der Isar, Technische Universität Münch- 
en, Germany were enrolled in the present retro-
spective study. The study was approved by the 
local Ethics Committee. Median patients’ age 
at time of surgery was 65 years (range 33-88 
years). All patients initially underwent standard 
stage-related primary radical debulking sur-
gery. 80 patients (50.3%) were optimally deb-
ulked with complete removal of all macroscopi-
cally visible tumor manifestations. Following 
surgery, all of the patients received adjuvant 
treatment according to consensus recommen-
dations at that time, including platinum-based 
chemotherapy. None of the patients received 
neoadjuvant therapy. Median time of follow-up 
was 29 months for overall survival (OS) (range: 
1 to 270 months after primary tumor resec-
tion). Clinical factors documented at the time of 
surgery included histologic subtype, absence or 
presence of residual tumor mass (0 mm versus 
> 0 mm, defined as largest abdominal tumor 
diameter left after surgery) and ascitic fluid vol-
ume (≤ 500 ml versus > 500 ml, estimated pre-
operatively by vaginal ultrasound or intraopera-
tively) (Table 1). During the period of five years 
follow-up, 71 (44.7%) patients had died.

Table 1. Association between clinical characteristics of 
advanced high-grade serous ovarian cancer patients 
(FIGO III/IV) and tumor biological factors

Clinical parameters
KLK10a KLK11b KLK10+KLK11c

Low/high Low/high Low/high
Age P = 0.300 P = 0.328 P = 0.204
    ≤ 60 years 17/40 12/43 22/33
    > 60 years 35/64 26/72 46/49
Residual tumor mass P = 0.025 P = 0.519 P = 0.037
    0 mm 20/58 19/59 29/47
    > 0 mm 31/43 18/53 38/32
Ascitic fluid volume P = 0.034 P = 0.522 P = 0.104
    ≤ 500 ml 24/64 22/65 36/51
    > 500 ml 27/36 16/45 31/27
Chi-square test, significant p-values (P < 0.05) are indicated in bold. 
aDichotomized into low and high levels by the 33th percentile. bDichoto-
mized into low and high levels by the 25th percentile. cDichotomized 
into low level by KLK10 low and/or KLK11 low, and high level by 
KLK10 high and KLK11 high. Due to missing values, numbers do not 
always add up to n = 159.

In view of previous findings, the present 
study aimed at validating the prognostic 
value of KLK10 and KLK11 in this major 
subtype of ovarian cancer on the protein 
level, and to explore its potential utility 
in the clinical setting. We assessed 
KLK10 and KLK11 protein expression 
levels in tumor tissues of a cohort 
encompassing 159 patients afflicted 
with exclusively advanced high-grade 
serous ovarian cancer by immunohisto-
chemistry (IHC). Expression levels of 
KLK10 and KLK11 protein on tissue 
microarrays (TMA) were determined via 
an automated digital IHC image analysis 
algorithm allowing analysis of the asso-
ciations of KLK10 and KLK11 protein 
expression levels with clinical parame-
ters including overall survival time of 
patients. 

Materials and methods
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Immunohistochemistry (IHC)

Formalin-fixed, paraffin-embedded ovarian can- 
cer tissue specimens were retrieved from the 
archives of the Institute of Pathology of the 
Technische Universität München, Munich, Ger- 
many. Production of the tissue microarrays has 
been described previously [8, 9]. Dewaxed and 
rehydrated tissue microarray sections were 
treated for antigen retrieval via pressure cook-
ing in citrate buffer (pH 6.0, 4 min). After quen- 
ching endogenous peroxidase activity with 3% 
hydrogen peroxide (room temperature, 20 min), 
the sections were incubated overnight at 4°C 
with polyclonal rabbit antibodies directed to 
KLK10 (Sigma HPA017195, 1:200) and KLK11 
(Abcam ab131038, 1:500). Interaction of anti-
bodies with the KLK10 and KLK11 target  
protein was visualized using the polymer one 
step system based on a horseradish peroxi-
dase-linked reporter assay. Nuclei were coun-
terstained with hematoxylin.

Quantification of immunostaining 

For image analysis, the free software ImageJ 
(Java 1.8.0, 64 bit) downloaded from the NIH 
website (https://imagej.nih.gov/ij), as well as 
the IHC Profiler plugin, downloaded from Sour- 
ceforge website (https://sourceforge.net/proj-
ects/ihcprofiler/) were used. The NDP.View2 
scanning system was used to scan the whole 
stained slides for capturing RGB digital images. 
Representative images of each tumor tissue 
core on TMAs were collected and loaded into 
the ImageJ platform. Using the IHC Profiler  
plugin for color deconvolution leads to the  
separation of the antibody (either KLK10 or 
KLK11) DAB signal from the complimentary 
image as well as the hematoxylin counterstain. 
The detailed guidelines and theories pertaining 
to the use of the plugin have been described by 
Varghese and co-workers before [10]. The anal-
ysis pattern for cytoplasmic proteins with DAB 
signal was selected, defining the software’s 
threshold and scale settings. Diagnosis of the 
relevant ovarian tumor cell areas on the TMA 
cores were identified by consensus of two inde-
pendent observers. The formula below was 
used for score assignment of the DAB images.
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According to the Lambert-Beer law the optical 
density (OD) is in direct proportion to the stain-

ing intensity [11], therefore the optical density 
of DAB can be used as a surrogate for the anti-
body signal of tumor cells. InD is defined as the 
integrated gray density of the specimen trans-
mitting light and A is the computed pixel area.

After calculating the quotient of total gray den-
sity (InD) and total pixel area (A), a continuous 
variable representing the mean staining inten-
sity of the KLKs can be generated ranging from 
0 to 255 (0 = darkest color, 255 = brightest 
color). In order to assign high scores to high 
staining intensities, the quotient was subtract-
ed from the maximum signal (255).

Statistical analyses

The associations of biological marker expres-
sion levels with clinical parameters were evalu-
ated using the Chi-square test. Correlations 
between continuous variables of tumor biologi-
cal markers were calculated using the Mann-
Whitney U test. For survival analyses, overall 
survival (OS) of ovarian cancer patients was 
used as follow-up end points. Associations of 
tumor biological factors and clinical parame-
ters with patients’ survival were analyzed by 
Cox univariate and multivariate proportional 
hazards regression models and expressed as 
hazard ratio (HR) and its 95% confidence inter-
val (95% CI). For the statistical analyses, the 
observation period was restricted to 60 mon- 
ths. The multivariate Cox regression model was 
adjusted for established ovarian cancer factors 
such as age, absence or presence of residual 
tumor mass, and preoperative ascitic fluid vol-
ume. Survival curves were plotted according  
to Kaplan-Meier, using log-rank tests to test  
for differences. All statistical analyses were 
performed with the SPSS statistical analysis  
software (version 20.0; SPSS Inc., Chicago, IL, 
USA). P-values ≤ 0.05 were considered statisti-
cally significant.

Results

KLK10 and KLK11 protein expression patterns 
in advanced high-grade serous ovarian cancer 
tumor tissue and their relation to patients’ 
tumor characteristics

We analyzed the clinical impact of KLK10 and 
KLK11 protein expression in tumor tissue by 
IHC in 159 patients afflicted with advanced 
high-grade serous ovarian cancer (FIGO III/IV). 
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IHC was performed on formalin-fixed, paraffin-
embedded tumor tissue microarrays employing 
KLK10- and KLK11-specific antibodies, follow-
ing an optimized established staining protocol. 
We evaluated the expression pattern focusing 

on tumor cells applying a relative quantitative 
immunoreactivity score (IRS) based on an auto-
mated digital algorithm as described in the 
Materials & Methods section.

For both KLK10 and KLK11, in the tumor speci-
mens a differential staining pattern of tumor 
cells with varying intensities from case to case 
was observed. Tumor cells displayed robust 
cytoplasmic protein expression, but stromal 
staining of KLK10 and KLK11 was also present 
in the extracellular matrix (Figure 1). Overall, 
the IRS values for KLK11 were distinctly higher 
as those for KLK10. Negative/very low expres-
sion (defined by IRS values < 40) was observed 
in 39.1% of all cases for KLK10 (61 out of 156 
cases), whereas all cases (100%) displayed an 
IRS > 40 for KLK11 (153 cases). KLK10 IRS 
values range from 29.64 to 121.51 (median = 
42.52), KLK11 IRS values range from 40.96 to 
159.92 (median = 96.29), respectively. KLK11, 
but not KLK10, was also expressed in endothe-
lial and highly inflammatory stroma cells, e.g. 
fibroblasts and immune cells.

Based on the observed expression pattern of 
the analyzed KLKs, we categorized the protein 
expression levels into low versus high groups 
by the 33th percentile for KLK10, and 25th per-
centile for KLK11. The relationship between 

Figure 1. KLK10 and KLK11 immunoexpression in tumor tissue of advanced high-grade serous ovarian cancer 
patients (FIGO III/IV) specimens. Tissue sections were stained with polyclonal rabbit antibodies directed to KLK10 
(Sigma HPA017195) and KLK11 (Abcam ab131038), respectively, applying the polymer one step system based on a 
horseradish peroxidase-linked reporter assay. Micrographs (A-F) illustrate representative core punches correspond-
ing to low, moderate, and high KLK10 and KLK11 immunoexpression in tumor cells, respectively. 

Figure 2. Correlation of KLK10 and KLK11 protein 
expression in tumor specimens of advanced high-
grade serous ovarian cancer (FIGO III/IV) patients. 
Immunoreactive scores (IRS) were digitally deter-
mined applying the assessment tool ImageJ [10]. 
The scores were dichotomized into low and high 
protein expression groups by the 33th percentile for 
KLK10. KLK10 protein expression levels were signifi-
cantly correlated with KLK11 protein expression lev-
els in tumor tissue (Mann-Whitney test; P < 0.001).
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low versus high expression levels of these two 
KLKs is evident in box plot analysis (Mann-
Whitney, P < 0.001, Figure 2). Based on the 
observed co-expression pattern of KLK10  
and KLK11, we further categorized the protein 
expression levels into a KLK10 and/or KLK11 
low-expressing group (i.e. KLK10 values below 
the 33th percentile and/or KLK11 values below 
the 25th percentile) versus a high-expressing 
group (both, KLK10 values above the 33th per-
centile and KLK11 values above the 25th per-
centile) for statistical analyses.  

Table 1 depicts the association between the 
dichotomized biological factors (KLK10, KLK- 
11, and KLK10+KLK11) and the established 
clinical parameters in ovarian cancer including 
age, preoperative ascitic fluid volume, and 
postoperative residual tumor mass. KLK11 

The findings are visualized by the respective 
Kaplan-Meier survival curves in Figure 3. 

The independence of the prognostic value for 
OS of the KLKs was studied by multivariate Cox 
hazard regression analysis, including the fac-
tors age, ascitic fluid volume, and presence of 
residual tumor mass (base model) (Table 3). In 
the base model, residual tumor mass was the 
only clinical parameter representing a predic-
tive marker for OS (HR = 3.58, 95% CI = 1.99-
6.43, P < 0.001), while the pre-operative ascitic 
fluid volume lost its prognostic significance for 
OS when adjusted to multivariate analysis. 
Among the tumor biological factors (added sep-
arately to the base model), KLK10 lost its prog-
nostic significance, whereas KLK11 values sig-
nificantly contributed to the base model for OS 
(HR = 0.53, 95% CI = 0.30-0.92, P = 0.023). 

Table 2. Univariate Cox regression analysis of clinical 
outcome (overall survival) in advanced high-grade 
serous ovarian cancer patients (FIGO III/IV) with re-
spect to clinical parameters and the tumor biological 
factors KLK10, KLK11 and their combination

Clinical parameters
OS

Noa HR (95% CI)b P
Age 0.337
    ≤ 60 years 51 1
    > 60 years 93 1.28 (0.78-2.09)
Residual tumor mass < 0.001
    0 mm 72 1
    > 0 mm 68 4.10 (2.38-7.06)
Ascitic fluid volume 0.016
    ≤ 500 ml 81 1
    > 500 ml 58 1.80 (1.12-2.90)
KLK10 IRSc 0.035
    Low 48 1
    High 94 0.60 (0.37-0.96)
KLK11 IRSd 0.024
    Low 36 1
    High 105 0.56 (0.34-0.93)
KLK10 IRS+KLK11 IRSe 0.001
    Low 64 1
    High 75 0.43 (0.26-0.70)
Significant p-values (P < 0.05) are indicated in bold. aNumber of pa-
tients. bHR: hazard ratio (CI: confidence interval) of univariate Cox 
regression analysis. cIRS: immunoreactive score, dichotomized into 
low and high levels by the 33th percentile. dDichotomized into low 
and high levels by the 25th percentile. eDichotomized into low level 
by KLK10 low and/or KLK11 low, and high level by KLK10 high and 
KLK11 high. Due to missing values, numbers do not always add up 
to n = 144.

expression values do not differ significantly 
in relation to these clinical parameters, 
whereas KLK10 expression values are 
associated with patients’ residual tumor 
mass (P = 0.025) and ascitic fluid volume 
(P = 0.034). The combined factor KLK10+ 
KLK11 is significantly related to residual 
tumor mass (P = 0.037).

Association of clinical parameters and 
KLKs biological factors with overall sur-
vival (OS) 

The impact of traditional clinical parame-
ters and KLK protein expression levels on 
patients’ five-years OS was analyzed by 
univariate Cox regression analysis and is 
summarized in Table 2. Among the clinical 
factors, as expected, residual tumor mass 
left after debulking surgery and high pre-
operative amounts of ascitic fluid indicated 
significantly shorter OS. Elevated KLK10 
and KLK11 protein expression levels were 
found to be significant predictive factors 
for longer OS (HR = 0.60, 95% CI = 0.37-
0.96, P = 0.035; HR = 0.56, 95% CI = 0.34-
0.93, P = 0.024), displaying an about two-
fold decreased probability of death in both 
the high KLK10 and high KLK11 express-
ing group. Interestingly, high KLK10+KLK11 
values performed as an even more pro-
nounced excellent favorable predictive 
marker for OS (HR = 0.43, 95% CI = 0.26-
0.70, P = 0.001) indeed pointing to a co-
operative function of KLK10 and KLK11. 
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Finally, the KLK10+KLK11 combination rema- 
ins to be independently significant for OS (HR = 
0.44, 95% CI = 0.26-0.75, P = 0.002) as well 
(Table 3).

Discussion

In the present study, we examined a homoge-
neous cohort of 159 patients afflicted with 
advanced high-grade serous ovarian cancer 
(FIGO III/IV). The protein expression levels of 
KLK10 and KLK11 were investigated by IHC on 
a collection of tumor tissue microarrays using 
an automated algorithm. The prognostic values 
of KLK10, KLK11 protein expression levels and 
their combination for patient clinical outcome 
were estimated by univariate and multivariate 
survival analyses. 

Assessment of protein expression by immuno-
histochemistry allows recognition of the protein 
localization and furthermore can be easily used 
in clinical practice. Recently, automated scor-
ing systems have been suggested because of 
their advantages over the manual ones, includ-
ing no variability through different observers, 
efficient manipulation discerning minute differ-
ences, which might be overseen by eye, and 
objectively stable results based on computer 
calculations. Previous studies supported the 

applying automated algorithms in clinical rou-
tine remains an issue due to the lack of univer-
sally recognized platforms and principles. 

Previously, we reported that KLK11 mRNA ex- 
pression levels in tumor tissue positively corre-
lated with KLK10 mRNA expression levels (rs = 
0.647, P < 0.001) [4]. Consistently, low (high) 
KLK10 protein expression levels were signifi-
cantly associated with low (high) KLK11 protein 
expression levels (Mann-Whitney, P < 0.001) in 
the present study. Interestingly, a KLK10 and 
KLK11 co-expression pattern has been obser- 
ved also in non-small-cell lung as well as breast 
cancer [13, 14]. The significant positive correla-
tion indicates that a similar regulatory mecha-
nism might underlie gene expression and se- 
cretion of both proteins. In fact, a common ste-
roid hormone (especially estrogen and andro- 
gen)-dependent mechanism was proposed for 
coordinated gene expression of kallikrein-relat-
ed peptidases [15, 16]. 

In the present study, we demonstrate that both 
high KLK10 and KLK11 protein expression  
levels as well as their combination are signifi-
cantly associated with an increased five year-
OS in univariate survival analysis. Furthermore, 
in multivariable Cox regression analysis, KLK- 
11 and KLK10+KLK11 remained independent 

Figure 3. Probability of overall sur-
vival (OS) of patients afflicted with 
advanced high-grade serous ovarian 
cancer (FIGO III/IV) as stratified by 
KLK10, KLK11 and KLK10+KLK11 
protein expression levels, respective-
ly, in primary tumor tissues. Patients 
with elevated KLK10 (A), KLK11 
(B), and KLK10+KLK11 (C) protein 
expression levels show significantly 
better OS (Kaplan-Meier analysis, P 
= 0.032, P = 0.022, P < 0.001, re-
spectively). 

digital utilities in IHC stain-
ing. As an example, Kolin 
and co-workers [12] have 
reported that KLK11 pro-
tein expression represents 
an unfavorable prognostic 
marker for gastric cancer 
when determined in TMA 
tissues applying an opti-
mized algorithm. The digital 
algorithm used in the pres-
ent study, which combines 
the IHC Profiler plugin with 
the publicly available soft-
ware ImageJ, was originally 
described by Varghese et al 
[10]. Herein, we first imple-
mented this algorithm for 
the protein analysis in TMA 
tissues of ovarian cancer 
patients and established a 
simple numeric formula to 
calculate the continuous 
variable for statistical anal-
yses. Still, the challenge of 
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favorable markers (P = 0.023; P = 0.002), 
whereas KLK10 showed a trend towards signifi-
cance only (P = 0.088). Several other studies 
explored the prognostic value of KLK10 and 
KLK11, respectively, in ovarian cancer patients. 
Similar to what we found, Borgoño et al [17] 
reported a favorable prognostic impact of ele-
vated KLK11 protein levels in tumor tissues  
of ovarian cancer patients. It should be noted, 
however, that there were controversial reports 
describing both KLK10 [18, 19] and KLK11 
[20] as unfavorable prognostic markers in ovar-
ian cancer. As we discussed before [4], these 
results, at least in part, could be explained by 
the use of rather inhomogeneous patient co- 
horts encompassing different histological and 
molecular ovarian cancer sub-types, whereas 
in the present study, a homogeneous cohort 

nies. Moreover, mice injected with ES-2 clones 
overexpressing KLK10 significantly survived 
longer as compared to the control group. Ele- 
vated KLK10 expression was found to deceler-
ate proliferation of SGC-7901 gastric cancer 
cells [26]. Furthermore, overexpression of KLK- 
10 in PC3 prostate cancer cell did not only sup-
press proliferation, but also glucose metabo-
lism accompanied with an increasing apoptosis 
rate by regulating expression of Bcl-2 and HK-2 
[27]. Increased KLK11 mRNA levels in larynge-
al cancer may not only inhibit tumor growth but 
also angiogenesis [28]. Taken together, it is 
tempting to speculate that KLK10 and KLK11 
might play an inhibitory role in ovarian cancer 
progression by delaying several neoplastic pro-
cess. However, the knowledge of precise bio-
chemical mechanisms remains limited. 

Table 3. Multivariate Cox regression analysis of 
clinical outcome (overall survival) in advanced high-
grade serous ovarian cancer patients (FIGO III/IV) 
with respect to clinical parameters and the tumor 
biological factors 

Clinical parameters
OS

Noa HR (95% CI)b P
Age 0.964
    ≤ 60 years 49 1
    > 60 years 82 1.01 (0.60-1.71)
Residual tumor mass < 0.001
    0 mm 68 1
    > 0 mm 63 3.58 (1.99-6.43)
Ascitic fluid volume 0.749
    ≤ 500 ml 78 1
    > 500 ml 53 1.09 (0.65-1.84)
KLK10 IRSc 0.088
    Low 45 1
    High 86 0.64 (0.38-1.07)
KLK11 IRSd 0.023
    Low 35 1
    High 96 0.53 (0.30-0.92)
KLK10 IRS+KLK11 IRSe 0.002
    Low 62 1
    High 69 0.44 (0.26-0.75)
Biological markers were added separately to the base model of 
clinical parameters age, residual tumor mass, and ascitic fluid 
volume. Significant p-values (P < 0.05) are indicated in bold. 
aNumber of patients. bHR: hazard ratio (CI: confidence interval) 
of multivariate Cox regression analysis. cDichotomized into low 
and high levels by the 33th percentile. dDichotomized into low and 
high levels by the 25th percentile. eDichotomized into low level by 
KLK10 low and/or KLK11 low, and high level by KLK10 high and 
KLK11 high.

encompassing only advanced high-grade 
serous ovarian cancer (FIGO III/IV) patients 
was analyzed. 

Except the survival outcome, adoption of 
KLK10 and KLK11 as favorable indicators 
was reported for evaluating other clinical 
parameters in malignancy diseases. Positive 
KLK11 protein expression in tumor tissues 
of gastric cancer patients indicated a higher 
sensitivity to chemoradiotherapy, leading to 
significantly better prognosis [21]. In colorec-
tal cancer, researchers incorporated KLK11 
into a predictive genetic model for estimat-
ing response sensitivity to FOLFOX4 chemo-
therapy in patients with synchronous liver 
metastasis [22]. The combination of the uri-
nary levels of KLK10 (uKLK10) with tumor 
location and tumor size allowed distinguish-
ing operable gastric cancer patients from 
inoperable ones [23]. An immunopeptidomic 
landscape analysis of epithelial ovarian can-
cers (EOCs) unveiled KLK10 as one of the 
most presented antigens by HLA class I mol-
ecule exclusively on ovarian cancer cells. 
This study demonstrated that KLK10, capa-
ble of exposing itself to immune cells as an 
epitope in EOC, showed possible capacity for 
further testing as pharmacological target for 
immunotherapy [24]. 

Possible explanations of the favorably bio-
logical role of KLK10 and KLK11 in malig-
nancies have been explored. Pépin and co- 
workers [25] found that enhancement of 
KLK10 expression in the ovarian cancer cell 
line ES-2 was sufficient to significantly redu- 
ce the ability of the tumor cells to form colo-
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All KLKs are secreted as inactive zymogens, 
requiring activation via proteolytic removal of a 
pro-peptide [29]. In addition to protease cas-
cades formed by the KLKs themselves, they are 
simultaneously implicated and activated in 
other proteolytic networks, interacting with cru-
cial proteases like MMPs, meprins and uroki-
nase plasminogen activator (uPA) [2, 30]. There- 
fore, it could be worth trying to support the 
impact of KLK10 and KLK11 in advanced ser- 
ous ovarian cancer by regulating their stimula-
tors, i.e. the pro-KLK10- and pro-KLK11-cleav-
ing proteases. Although it is not yet possible to 
speculate on the potential of KLK10 and KLK11 
as favorable pharmaceutical target in ovarian 
cancer, it is still reasonable that KLK10 and 
KLK11 may perform as promising markers for 
prognosis in advanced ovarian cancer to adjust, 
individualize, or decrease therapy to spare pati- 
ents from invasive therapy. 

In conclusion, we established a protocol for IHC 
analysis of KLK10 and KLK11 in the tumor tis-
sue of advanced high-grade serous ovarian 
cancer (FIGO III/IV) patients applying an auto-
mated digital algorithm. We show that KLK10 
and KLK11 are coordinately expressed on the 
protein level, which was previously observed on 
the mRNA level as well. Both high KLK10 and 
high KLK11 protein expression levels can be 
considered as favorable prognostic factors for 
patients’ OS. While KLK11 was found to be 
independently associated with OS, the use of 
KLK10 in combination with KLK11 allowed a 
better identification of patients with favorable 
prognosis.
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