
Introduction

The human kallikrein gene family is a subfamily of serine 
proteases, located at the chromosomal locus 19q13.3-q13.4 
(1). Until recently, this family was known to include only 
three members: the pancreatic/renal kallikrein gene (KLK1), 
the human grandular kallikrein 2 gene (KLK2), and prostate-
specific antigen (KLK3). In the past few years, another 12 
kallikrein-like genes were discovered (2). Some of the newly

identified kallikrein-like genes have been found to be either
underexpressed or overexpressed in certain carcinomas (2).
Hence it is possible that a few members of this expanded 
kallikrein gene family may serve as valuable cancer biomarkers
for disease diagnosis or monitoring.

The kallikrein cascade is implicated in tumourigenesis, 
firstly by induction of kallikrein gene expression as the initial
step of the cascade, and then sequentially by the formation of
kinins (3). During injury, cellular activities of kinins mediate
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with other clinicopathological variables and patient outcome.
KLK7 gene expression was significantly lower in breast cancer
patients of low stage (I/II) (p = 0.011) and patients with nega-
tive progesterone receptors (p = 0.022). Survival analysis
showed that breast cancer patients with KLK7 positive tumors
have relatively shorter disease-free survival (DFS) and overall
survival (OS) than patients with KLK7 negative tumors.These
data suggest that KLK7 gene expression may be used as a 
marker of unfavorable prognosis for breast cancer patients.
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Summary
Kallikreins are a subgroup of serine proteases that are involved
in the post-translational processing of polypeptide precursors.
Growing evidence suggests that many kallikreins are implicated
in carcinogenesis. Human kallikrein gene 7 (KLK7; HSCCE) is a
new member of the human kallikrein gene family. KLK7 is
expressed in normal breast tissue and is up-regulated in breast
cancer cells by estrogens and glucocorticoids. In the present
study, expression of the KLK7 gene in 92 breast cancer tissues
was analyzed by reverse transcription-PCR (RT-PCR) and direct
sequencing of several samples. The results were correlated
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venoconstriction, arteriolar dilation, increased capillary perme-
ability and interaction with sensory nerve terminals. During
tumorigenesis, kinins stimulate proliferation of tumor cells by
their mitogenic action and by promoting the process of diaped-
esis-enhanced metastases of cancer cells. A molecular response
to infection, tissue injury and proliferation of tumor cells is the
secretion of chemotactic molecules that attract neutrophils to
sites of inflammation (4). Neutrophils function as one arm of
the defense reaction, essentially to promote cellular healing that
contrasts with the pro-inflammatory actions of cytoplasmic and
surface-bound enzymes. When neutrophils are drawn into
tumors, kallikreins initiate a cascade of molecular events that
play a crucial role in the specific inflammatory process (5).

The human kallikrein gene 7 (KLK7), previously known as
stratum corneum chymotryptic enzyme (HSCCE), was first
identified as a chymotrypsin-like proteinase that may be
involved in the desquamation of plantar stratum corneum (6).
The enzyme has been shown to be secreted into the stratum 
corneum extracellular space and to catalyze the degradation of
desmosomes during remodeling of the deeper layers of the skin.
The tissue levels of KLK7 have been reported to be highly up-
regulated in ovarian carcinomas (7). 

The cloning and genomic organization of the KLK7 gene,
have been recently reported (8, 9). This gene maps to the same
chromosomal locus as other serine proteases of the kallikrein
gene family. More precisely, the KLK7 gene lies between the
KLK6 (centromere) and KLK8 (telomere) genes. Previous
reports indicated that KLK7 is primarily expressed in the skin
and, to a lesser extent, in other tissues (6, 10). Yousef et al.
showed that the gene is also expressed at relatively high
amounts in a number of tissues, including kidney, the central
nervous system, as well as in mammary and salivary glands (9).
Recent data further indicate that in addition to its involvement
in certain skin diseases (10), the hK7 enzyme may also be
involved in carcinogenesis (7). Kyriakopoulou, et al. demon-
strated overexpression of this serine protease in a subset of
ovarian carcinomas (11). Previously, we used the steroid 
hormone receptor-positive breast carcinoma cell line BT-474 as
a model system to examine whether the KLK7 gene is under
steroid hormonal regulation (9). The KLK7 gene was found to
be up-regulated primarily by estrogens and glucocorticoids. The
above data prompted us to examine the expression of KLK7
gene in breast cancer. 

Materials and methods

Study group
Tumor specimens from 90 patients who underwent surgery for
primary breast cancer at the Oncologic Hospital of Athens
“Saint Savas” were evaluated in this study. Additionally, for 15
of the samples, tissue from the same breast but distal to the site
of malignant transformation (as determined by a pathologist)

was available and examined in order to verify KLK7 gene
expression in normal breast tissue. Informed consent was
obtained from all patients. A database containing updated in-
formation concerning each patient, together with receptor 
status, nodal status, size of primary tumor, number of positive
nodes, age and menopausal status and/or differentiation grade
of tumor, was available for statistical analysis. Patient ages
ranged from 29 to 82 years, with a median of 57.5 years. Follow
up information (median follow-up period, 99 months) was
available for all patients, among whom 32 (34.8%) had relapsed
and 29 (31.5%) had died. All patients had a histologically 
confirmed diagnosis of primary breast cancer and received no
treatment before surgery. Clinical staging was performed
according to the Postsurgical International Union against cancer
Tumor-Node-Metastasis (TNM) classification system (12).
Histological grade of the tumors was determined according to
criteria reported by Bloom and Richardson (13). The post-
operative treatment modality was known for all patients; 5
patients received no further treatment after tumor resection, 
27 were given adjuvant chemotherapy, 52 were treated with
endocrine therapy and 8 were given both chemotherapy and
endocrine therapy. Postoperative loco-regional radiotherapy
was administered to 60 patients.

Reverse transcriptase-polymerase chain 
reaction
Total RNA was extracted from the breast tissue using Trizol
reagent (Gibco, BRL) following the manufacturer’s instruc-
tions. RNA concentration was determined spectrophotometri-
cally. Two micrograms of total RNA were reverse-transcribed
into first-strand cDNA using the SuperscriptTM pre-amplifica-
tion system (Gibco BRL) according to the manufacturer‘s
instructions. The final volume was 20 �l. Based on the informa-
tion obtained from our previous report (9), two gene-specific
primers were designed (see Table 1), and PCR was carried out
in a reaction mixture containing 1 �l of cDNA, 10 mM Tris-
HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, 200 mM dNTPs
(deoxynucleoside triphosphates), 150 ng of primers, and 2.5
units of AmpliTaq Gold DNA polymerase (Roche Molecular
Systems, Branchburg, NJ,USA) on a  thermal cycler (MJ,
Research, USA). The cycling conditions were a denaturation
step at 94ºC for 9 min, followed by 40 cycles of 94ºC for 30s,
68ºC for 1 min and a final extension step at 72ºC for 10 min.
Equal amounts of PCR products were electrophoresed on 2%
agarose gels and visualized by ethidium bromide staining. Actin
was used as internal control for the integrity of the mRNA. The
cycling conditions were a denaturation step at 94ºC for 15 min,
followed by 30 cycles of 94ºC for 30s, 62ºC for 30 sec and a
final extension step at 72ºC for 10 min. 

2



Talieri, et al: KLK7 gene expression in breast cancer

Cloning and sequencing of the PCR products
To verify the identity of the PCR products, they were cloned

into the pCR 2.1-TOPO vector (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions. The inserts
were sequenced using vector-specific primers, with an auto-
mated DNA sequencer.

Steroid hormone receptor analysis
Steroid hormone receptors were quantified as described else-
where (14, 15). The results of the dual ligand binding assay, in
which dextran-coated charcoal was used to separate bound
ligand from free ligand, were interpreted by Scatchard analysis
(16). Tumors with ER (estrogen receptor) and PR (progesterone
receptor) concentrations of ≤ 10 fmol/mg protein were con-
sidered receptor negative, whereas those with ER and PR con-
centrations of 10-300 fmol/mg were characterized as positive
(17, 18). 

Statistical analysis
KLK7 expression at the mRNA level was classified as positive
or negative, and associations between KLK7 status and other
qualitative variables were analyzed using the �2 or the Fisher
exact test, where appropriate. A Cox proportional hazard regres-
sion model (19) was developed to evaluate the association 
(i.e. the hazard ratio and its confidence interval) between the
potential prognostic marker and disease-free (DFS) or overall
survival (OS). This analysis was conducted at both univariate
and multivariate levels. The multivariate model was adjusted
for KLK7 expression in tumors, lymph node status, tumor size,
grade, histologic type, ER and PR status as well as adjuvant
treatment (hormonal alone vs chemo ± hormonal treatment)

status. Survival analyses were performed by constructing
Kaplan-Meier DFS and OS curves (20) for KLK7-positive and
KLK7-negative patients, and the log-rank test was used to
examine the differences between them. DFS was defined as the
time interval between the date of surgery and the date of 
identification of recurrent or metastatic disease. OS was defined
as the time interval between the date of surgery and the date of
death.

Results

KLK7 gene expression and relation 
to other variables
Of the 92 breast cancer patients examined (Table 2), 42 patients
(45.65%) were classified as positive and 50 patients (54.34%)
as negative for KLK7 gene expression (Table 3). The cut-off
value, used for classifying KLK7 gene expression as positive or
negative, was the presence of a DNA band of 360 bp or the 
non-existence of this band for equally loaded samples (Fig. 1). 

Table 3 presents the associations between KLK7 gene
expression and other clinical or pathological variables, includ-
ing age of patients, menopausal status, tumor size, nodal status,
clinical stage, histological grade, histotype, estrogen receptor
(ER) and progesterone receptor (PR). KLK7 gene expression
was marginally related to the cohort of women aged 45 to
55 years. KLK7 gene expression was positively associated to
stage of the disease (p=0.011) and negatively related to PR 
status (p=0.022). On the other hand, no significant associations
were found between KLK7 gene expression and different histo-
logical types, tumor size, nodal status, tumor grade, ER status or
menopausal status (Table 3).
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Table 1: Primers used for reverse
transcription polymerase chain 
reaction (RT-PCR) analysis.

Table 2: Distribution of numerical
variables in the study
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Survival analysis 
The strength of the associations between KLK7 gene expression
and relapse free survival or death in univariate and multivariate
analysis are shown in Table 4. In Cox univariate analysis, KLK7
expression showed a reverse relation with DFS and OS 

(p = 0.001 and p <0.001, respectively), while in multivariate
analysis this relation also remained statistically significant with
DFS and OS (p = 0.011 and p = 0.005, respectively). Kaplan-
Meier survival curves (Fig. 2) demonstrated that patients with
KLK7-negative tumors have relatively longer DFS and OS 
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Table 3: Associations between KLK7
status and other clinicopathological
variables

Figure 1: Expression of the KLK7
gene in breast tissue. M, DNA molec-
ular weight marker; 2,4,6,8,10,12,14,
randomly selected breast tumor 
samples; 1,3, 5, 7,9,11, 13: normal
counterparts of corresponding tumor
samples;
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(p <0.001) compared to patients with KLK7-positive tumors,
showing that KLK7 gene expression may serve as an unfavor-
able prognostic marker for DFS and OS of breast cancer
patients. 

Discussion

Proteases play essential roles in the process of tumor invasion
and metastasis. Kallikreins are a group of serine proteases that
are found in diverse tissues and biological fluids. So far, 
15 members of the kallikrein gene family have been identified.
According to the approved official kallikrein gene nomenclature
(21), the KLK7 gene encodes the serine protease human stratum
corneum chymotryptic enzyme (SCCE or hK7) and is known to
contribute to the cell shedding process by catalyzing the degra-
dation of intercellular cohesive structures at the skin surface
(22). The presence of hK7 on the surface of tumor cells suggests

that it may also contribute to the process of tumor cell shedding,
resulting in early metastasis of carcinoma. 

Using immunohistochemical methods, Sondell, et al. (23)
examined the expression of hK7 in two diseases of human oral
mucosa producing a pathological keratinization of the epithe-
lium at sites which are normally non- keratinised, and suggest-
ed that hK7 expression may be a marker of terminal differenti-
ation of squamous epithelia. Tanimoto, et al. (26) reported that
the expression of SCCE, known until then to be expressed in
skin (8, 24, 25), is increased in ovarian cancer. Later it was
shown (9) that KLK7 is also expressed in kidney, spinal cord,
cerebellum, breast, brain and salivary glands. In ovarian cancer,
other proteases and inhibitors, like hepsin and anti-leukopro-
tease (ALP) (26, 27), are also overexpressed. ALP has been
shown to be a natural inhibitor of SCCE, isolated from human
stratum corneum (27). Expression of the serine protease inhibi-
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Table 4: Associations between KLK7
and disease-free and overall survival 



tor ALP and hK7 was shown to be coordinated in ovarian
tumors (28). 

In the present study we report, for first time, that the KLK7
gene is differentially expressed at the mRNA level of breast
cancer tissues and that this can serve as an independent marker
of unfavorable prognosis for disease-free survival (DFS) and
overall survival (0S) both in univariate and in multivariate anal-
ysis. Also, KLK7 gene expression in multivariate analysis was
found to be the most significant independent prognostic marker
for the overall survival (OS) of patients, but was not associated
to other clinicopathological features such as histological type,
tumor size, nodal status, tumor grade, menopausal status, ER
and PR status, (Table 4). Analysis of other kallikreins in breast
and other cancers has shown the following results: The KLK5
gene (29) has been predicted to be phylogenetically linked to
KLK7 (4) and is also an independent indicator of poor prog-
nosis in breast cancer; KLK10 (NES1) was shown to be over-
expressed in aggressive ovarian tissues (30, 31) and down-
regulated in breast cancer; KLK13 was reported to be an 
independent indicator of favorable prognosis in breast (32) 
and KLK9 an independent indicator of favorable prognosis of
ovarian cancer (33). 

Although it is evident from Table 4 that patients receiving
hormonal treatment alone seem to have a longer survival time
than patients receiving chemotherapy treatment, this, neverthe-
less, may be due to selection of patients for hormonal treatment
according to low tumor grade and stage of the disease. KLK7
gene expression was found to be positively associated with 
disease stage.

The expression of the KLK7 gene was previously found to
be up-regulated by estrogens and glucocorticoids in breast 
cancer cells (9). In the present study, positive KLK7 gene
expression was negatively correlated to the stage of differentia-
tion and progesterone receptor status. 

In summary, we provided evidence that higher KLK7 gene
expression is associated with the unfavorable outcome of
patients with breast cancer. Since the KLK7 gene encodes for a
potentially secreted enzyme, analysis of this protein (hK7) in
serum may serve as a new biomarker for breast cancer. 
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Figure 2: Kaplan-Meier survival curves presenting the associa-
tions between KLK7 gene expression and DFS (A) or OS (B),
n = number of patients examined.
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