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Abstract

Background and objectives: In many reports, Kallikrein-related peptidases (KLKs) are emerging as
cancer prognostic factors or tumor-specific markers, although their exact roles are not known very well.
KLK5, a member of KLKs, has already been demonstrated for its significant prognostic value in
colorectal, ovarian and breast cancers. Therefore, this study aimed to investigate the association between
the expression level of KLK5 and the prognosis of patients with Hepatocellular Carcinoma (HCC).
Materials and methods: In this study, the expression of KLK5 in a total of 46 HCC patients (HCC
tissues vs. adjacent non-cancerous liver tissues) was analysed using Immunohistochemistry (IHC). Then
the prognosis value of KLK5 in HCC was evaluated by Kaplan-Meier survival and Cox regression
analyses.
Results: KLK5 was obviously down-regulated in the HCC tissues compared to adjacent non-cancerous
liver tissues (p<0.0001), and its expression level is significantly associated with tumor differentiation
(p=0.038). Survival and recurrence analysis confirmed that the down-regulation of KLK5 was
unfavourable for prognosis of HCC. The univariate analysis confirmed that expression level of KLK5
was able to predict OS (Overall Survival) time in HCC (HR: 0.513, 95 % CI: 0.267-0.987, P=0.046), and
the multiple Cox regression analysis showed that KLK5 could be a novel independent marker for OS
prediction in HCC patients (HR: 0.362, 95% CI: 0.147-0.889, P=0.027).
Conclusion: The results suggest that KLK5 could serve as a novel prognostic marker in evaluating the
prognosis of HCC and guiding the treatment plan.
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Introduction
Due to its high aggressiveness, Hepatocellular Carcinoma
(HCC) is the third major cause of cancer mortality around the
world [1]. HCC also accounts for almost 6% of new cancer
cases diagnosed worldwide at 2011, but the mechanism
involved in HCC development is still far from clarification [2].
Until now it is clear that HCC is a multi-factorial disease
caused by many factors such as cirrhosis, toxic chemical
exposure and alcohol abuse [3]. Several biomarkers have been
used in the diagnosis and prognosis of HCC, including DCP
(Des-γ-Carboxy Prothrombin, DCP), AFP-L3, and AFP [4],
but their prognostic evaluation in patients with early-stage of
HCC is not satisfied, especially in patients who have suffered
from curative treatment [5]. Therefore, identification of novel
biomarkers with high accuracy for prognostic evaluation in
HCC is clinically meaningful.

KLKs are a kind of proteolytic enzymes which belongs to a
sub-group of serine protease family. The KLK family has 15
members and plays important roles in normal physiological
processes such as cell growth and tissue remodeling [6-9]. An
increasing number of studies have demonstrated that KLKs
participate in tumor progression, invasion and metastasis [10].
For example, KLK3, also known as PSA (Prostate Specific
Antigen), is widely used as a biomarker in early clinical
diagnosis and monitoring of prostate cancer [11].

KLK5, formerly known as Human Stratum Corneum Trypsin
Enzyme (HSCTE), was firstly purified from the human skin
tissue and shown to be activated by trypsin-like protease
[12,13]. Later studies showed that KLK5 plays an important
role in skin homeostasis [14,15]. Recent studies had shown that
KLK5 is also involved in tumor development. For example,
over-expression of KLK5 was indicative for diagnosis and
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prognosis in breast cancer [16,17], while Avgeris et al. found
that KLK5 was significantly decreased in malignant breast
tumors compared to benign tumors [18]. Several studies have
also reported that KLK5 mRNA was significantly up-regulated
in ovarian cancer tissues, which was correlated with the
advanced stage of the disease [19]. Shorter overall survival and
disease-free survival time of the patients had been observed
with high level of KLK5 in ovarian cancer [20]. Before this
study, no work has been done to demonstrate the correlation
between the alteration of KLK5 expression level and the
development of HCC.

Liver fibrosis is usually transformed into cirrhosis and HCC in
the patients without curative treatment, which is partly due to
the fact that the dynamic balance of physiological ECM
(Extracellular Matrix) is corrupted and transformed into
pathological deposition of ECM [21]. As a member of the
serine proteases, KLK5 could directly mediate the degradation
of ECM, which then remodels liver tissue and interrupts cell-
cell interaction to prevent angiogenesis and promote cancer
cells’ invasion and metastasis [6,22]. In addition, KLK5 could
auto-active and facilitate the activation of other proteases,
which makes it an initiator of several proteolytic cascades [23].
Due to above reasons, we speculated that KLK5 might play an
important role in development of liver fibrosis, cirrhosis and
liver cancer.

Our data in the present study indicated that the expression of
KLK5 is remarkably decreased in HCC tumor tissues.
Furthermore, this decrease is negatively correlated with tumor
stage and prognosis of HCC. Our study suggests that KLK5
could be used as a novel promising biomarker for HCC
prognosis.

Materials and Methods

Patients and specimens
A total of 46 patients (24 males and 22 females) who were
diagnosed with HCC histologically before 2009 at the
Department of General Surgery, the First College of Clinical
Medical Sciences of China Three Gorges University (Yichang,
China) were randomly selected for analysis and followed until
2014 (The patients with serious surgical complications were
eliminated in this study). The patient characteristics are shown
in Table 1. The median age of the patients was 55.0 years old
(age range: 36-71 years). 36 patients were succumbed due to
HCC during this study. The median follow-up period was 38
months (time range: 1.2-72 months).

Table 1. Clinicopathologic data and KLK5 expression in the tumor
specimens of 46 patients with HCC.

Variable High expression
(n=28)

Low expression
(n=18)

P
value

Age 54 ± 9.2 58 ± 9.8 >0.05

Gender   0.4

Male 16 8  

Female 12 10  

HBsAg   0.89

Negative 6 5  

Positive 22 13  

Serum AFP   0.828

≤ 400 ng/ml 10 7  

>400 ng/ml 18 11  

Liver cirrhosis   0.953

NO 8 5  

YES 20 13  

TNM   1

I-II 21 13  

III-IV 7 5  

Child-Pugh   0.634

A 24 17  

B 4 1  

Tumor size   0.332

≤ 3 cm 18 14  

>3 cm 10 4  

Tumor
differentiation

  0.038*

I-II 11 2  

III-IV 17 16  

Tumor number   0.667

Single 23 13  

Multiple 5 5  

Vascular invasion   0.575

NO 10 5  

YES 18 13  

χ2 test was used for comparison between different groups. *p<0.05; HBsAg:
Hepatitis B Surface Antigen; AFP: Alpha-Fetoprotein; TNM: Tumor-Node-
Metastasis.

The paraffin-embedded specimens were obtained from
Yichang Central People’s Hospital for research purposes, with
prior patients’ contents and approval obtained from the Ethics
Committee of the First Clinical Medicine College Hospital of
China Three Gorges University. Tumor stages were defined
according to TNM staging system by the American Joint
Committee on Cancer (AJCC 2010, 7th edition) [24]. The
diagnostic criteria for recurrence were identical to the
diagnosis before the operation. The OS (Overall Survival) time
was calculated as the length of time between the operation and
death or the last follow-up examination. The DFS (Disease
Free Survival) time was defined as the time between tumor
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resection and the diagnosis of tumor recurrence, death or the
last observation.

Immunohistochemical staining

Tissue blocks were fixed in 10% neutral buffered formalin
immediately after resection, and then embedded in paraffin and
cut into slices with 4 µm thickness. IHC staining for KLK5
was performed using the EnVison two-steps method according
to the kit instruction. Rabbit anti-human KLK5 polyclonal
antibody was purchased from Novus, and used in a dilution of
1:100.

Integrated Optical Density (IOD) analysis was performed as
following: Photographs of four representative fields were
captured under high-power magnification (X200) with
identical settings. IODs were measured using the Image-Pro
Plus v6.0 software, and the mean IODs were calculated with
four photographs per specimen. In this process, two observers
were blinded to the clinical data. The intensities of staining
were then categorized into four degrees: 1, negative; 2, weak;
3, moderate; 4, strong. According to the proportion of the
number of positive cells, the extent of staining was divided
into: 1 (0-5%), 2 (6-25%), 3 (26-50%), or 4 (>51%). The
intensity of stain and the proportion of the positive cells
number were then multiplied to obtain the final scores. The
final results with scores less than 8 were classified as low
expression and over 8 as high expression [25].

Statistical analysis
Statistical analysis was carried out using the SPSS software
package (version 18.0, SPSS, Inc., Chicago, IL). A probability
of 0.05 was chosen for statistical significance. The OS rates
were calculated according to the Kaplan-Meier method [26].
The differences between groups were estimated using the 

χ2test, Fisher's Exact Test, log-rank test, and the Student’s t test
[27]. For univariate and multivariate analyses, the Cox
proportional hazard regression model was performed to assess
the significance of different prognostic parameters in patients
with HCC.

Results

KLK5 is down-regulated in HCC tissues
The matched pairs of cancerous and adjacent non-cancerous
liver tissues of the 46 HCC patients were analysed for KLK5
expression using IHC. As shown in Figure 1, KLK5 was
mainly expressed in the cytoplasm of hepatocyte and then
secreted into inter-cellular space. The staining densities of
KLK5 in the HCC group were obviously decreased compared
to the adjacent non-tumorous liver tissue group. This result
suggested that the expression of KLK5 was significant down-
regulated in HCC tissues (p<0.05, Figure 2).

Figure 1. Immunohistochemical staining of KLK5 of HCC tissues in
46 patients (A-D upper layers) and matched adjacent non-tumorous
liver tissues (A-D lower layers) in 200X magnification. From A to D,
the down-regulated or absent expression of KLK5 were observed in
the HCC tissues compared to the adjacent non-tumorous liver tissues.

Figure 2. Integrated Optical Density (IOD) analysis for KLK5. N
(blue dots) represents the data for the HCC tissues, and C (red
squares) represents the data for the adjacent normal tissues. IODs for
KLK5 were obtained from 1A using the Image-Pro Plus v6.0
software. The relative intensity of KLK5 expression in cancer tissues
is significantly lowers that of adjacent normal tissues (P<0.0001).

Figure 3. Kaplan-Meier curves of the OS (Overall Survival) time (A)
and the DFS (Disease Free Survival) time (B) in HCC patients.
According to the expression levels of KLK5 in HCC patients, patients
with high KLK5 expression level had better OS time than that with
low KLK5 expression level (P<0.05, A). But the DFS time was not
quite different in these two groups (P>0.05, B).

KLK5 expression is positively associated with tumor
differentiation
The relationship between KLK5 expression and
clinicopathological variables of HCC patients was analysed
(Table 1). The result revealed that the KLK5 expression was
positively associated with tumor differentiation (P=0.038).
However, there were no correlation between KLK5 expression
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and other clinical and histological parameters used in this
study.

KLK5 expression is positively correlated with the
clinical prognosis of HCC patients
In order to examine the potential value of KLK5 expression in
the prognosis of HCC patients, the Kaplan-Meier OS and DFS
analyses were performed (Figure 3). At the median follow-up
time, 23 among the 46 HCC patients (50%) had tumor
recurrence, 36 (78%) HCC patients were dead and no one loss
of contact at the end of the follow-up time. The KLK5 low
expression group (n=18) showed significantly poorer prognosis
compared to the KLK5 high expression group (n=28). The
mean OS time and the mean DFS time for the patients with
high KLK5 expression were 42 and 19 months respectively,
whereas they were 27 and 14 months respectively for the low
high KLK5 expression group. These results indicated that the
patients with low KLK5 expression levels had shorter OS time
(P<0.05). However, the DFS time was not quite different
(P>0.05) between these two groups.

Univariate and multivariate analyses of prognostic
variables in HCC patients
We next evaluated the prognostic significance of KLK5 and
other clinicopathologic parameters in HCC using the univariate
and multivariate analyses (Table 2). The result of univariate
survival analysis showed that, as previous studies, tumor
differentiation was a significant predictor of OS (P=0.036).
Meanwhile, the expression level of KLK5 was also able to
predict OS in HCC (HR: 0.513, 95% CI: 0.267-0.987, P =
0.046). The patients with low expression of KLK5 had the
same risk of recurrence as the patients with high KLK5
expression. Then the multiple Cox regression analysis was
further used to evaluate the independent prognostic value of
KLK5. The analysis (HR>1) in this assay further indicated that
KLK5 low expression was a risk factor affecting the survival
time. These data showed that KLK5 could be a novel
independent marker for OS prediction in HCC patients (HR:
0.362, 95% CI: 0.147-0.889, P=0.027). Consistent with
previous reports, our results also revealed that the serum AFP,
cirrhosis and TNM were also useful independent prognostic
indicators for OS (P=0.034, 0.032 and 0.035 respectively).

Table 2. Univariate and multivariate analyses of different prognostic parameters in patients with HCC by Cox regression analysis.

Factor Overall survival

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Gender, (Male, female) 1.032 (0.552-1.928) 0.921 0.528 (0.220-1.264) 0.151

Age (≥ 50, <50) 0.676 (0.352-1.297) 0.239 0.305 (0.091-1.015) 0.053

Serum AFP (ng/ml, ≥ 400, <400 ) 1.151 (0.608-2.181) 0.665 3.209 (1.091-9.436) 0.034*

Cirrhosis 0.624 (0.339-1.338) 0.259 0.284 (0.089-0.9) 0.032*

Child-Pugh 0.680 (0.240-1.925) 0.467 0.497 (0.151-1.642) 0.252

Tumor size (cm, ≥ 3,< 3) 0.59 (0.28-1.242) 0.165 1.075 (0.364-3.172) 0.896

TNM (I-II, III-IV) 0.59 (0.28-1.242) 0.165 0.398 (0.169-0.937) 0.035*

Tumor differentiation (I-II, III-IV) 0.407 (0.175-0.943) 0.036* 1.421 (0.313-6.464) 0.649

KLK5 (High, Low) 0.513 (0.267-0.987) 0.046* 0.362 (0.147-0.889) 0.027*

Note: HR: Hazard Ratio; CI: Confidence Interval; AFP: Alpha-Fetoprotein; TNM: Tumor-Node- Metastasis; *p<0.05.

Discussion
KLK5, a member of the kallikrein-related peptidase family,
was demonstrated to be involved in carcinogenesis with
multiple functions including degradation of Extracellular
Matrix (ECM), and modulation of tumor invasion and
metastasis. The recent studies have shown that the expression
of KLK5 is deregulated in many neoplasms, such as colorectal
cancer [28], ovarian cancer [29], breast cancer [30] and
prostate cancer [31], and multiple investigators had confirmed
that the expression of KLK5 could be served as a meaningful
prognostic indicator to evaluate patient’s condition and guide
the follow-up treatment. Although it has been reported that
vitamin D, retinoic acid and some trans-activating factors such

as androgens could regulate KLKs expression, the exact
mechanism leading to deregulation of KLKs’ expression is still
unclear [32]. The physiological role of KLK5 in carcinogenesis
is not clear yet, but the changes of KLK5 expression may cause
the alteration of tumor cell behavior and characteristics,
including cell differentiation, tumor aggressiveness,
angiogenesis and metastasis [6].

HCC is one of the most devastating malignancies worldwide
with very poor prognosis despite therapeutic development. The
recurrence rate after liver resection is approximately 50% in 2
years and 75% in 5 years [33]. Therefore, it is of great
importance to find out useful individual markers for accurate
prediction of curative treatment of HCC in clinical practice,
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although this is still difficult. As the progression of HCC is a
process with multi-steps and affected by multi-factors in the
tumor micro-environment, identification of early indicator
which correlated with prognosis should be able to guide us to
make better treatment plans and improve the patients’ OS time.

Our study aimed to investigate the possible prognostic value of
KLK5 in HCC patients. According to our results, the low
expression of KLK5 in HCC tissue was associated with poor
tumor differentiation, indicating that KLK5 may be a
reasonable biomarker of advanced tumor stage. KLK5, as a
member of the serine proteases, can degrade Extracellular
Matrix (ECM) including collagen I-IV, fibronectin and laminin
protein, which were well-known to contribute to the
pathological progression of liver cirrhosis. A recent study has
demonstrated that microRNA miR-382 can facilitate the
development of renal inner medullary interstitial fibrosis by
targeting KLK5 in the rat kidney in vivo, and anti-miR-382
treatment could prevent this process [34]. It is possible that the
down-regulation of KLK5 might also facilitate the
development of fibrosis in the process of liver cirrhosis and
leads to carcinogenesis in late stage. Moreover, KLK5 has been
frequently reported in the steroid hormone-regulated tissues
with meaningful prognostic value [20,30,31], and liver is a
main organ for sterol-hormone inactivation. Nonetheless, we
do not know if there is any relationship between the expression
level of KLK5 and the hormone regulation before further
studies are performed.

It is generally accepted that the degrees of tumor
differentiation, liver cirrhosis, vascular invasion, and serum
AFP level could be used for the prognosis of HCC patients
[35-38]. Even the changes of KLK5 expression in serum of
patients with HCC are still not reported, but the potential value
of KLK5 as a tumor prognosis marker is becoming more and
more obvious. The application of KLK5 as a tumor specific
marker of liver would be greatly promoted, which may be used
as a new prognostic indicators. Combined with other biological
markers, KLK5 could improve the specificity and sensitivity of
the patients’ prognosis, and provide patients with more
personalized and targeted treatment, which can improve the
quality of patients’ life effectively.

In this study, the univariate and multivariate survival analyses
indicated that low KLK5 expression was significantly
correlated with shorter OS time after surgical resection in
clinic. In addition, the HR data also indicated the decreased
expression of KLK5 was a risk factor for overall survival time.
Therefore, our study suggested that KLK5 could be considered
as an independent prognostic biomarker, although further
studies with a larger size of samples would be necessary to
confirm the result from a limited-size research in this report.

In conclusion, down-regulation of KLK5 has already been
reported as an independent prognostic factor in prostate cancer
[39]. In this study, we have demonstrated that low expression
level of KLK5 in HCC was related to poorer tumor
differentiation and poor prognosis for overall survival of
patients.
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