
Abstract. Background: Expression of kallikrein-11
(KLK11) has been found to be related to the prognosis of
various human cancer types but its physiological functions
in the steps of breast cancer (BC) progression are still
unknown. Materials and Methods: BC and adjacent normal
breast tissue samples were collected from 28 patients. KLK11
expression levels were determined by real-time polymerase
chain reaction for each sample and associations with known
prognostic features were statistically analyzed. Results:
Although there was slight up-regulation in tumor tissues
overall, significant down-regulation of KLK11 expression in
tumor tissue was observed in the elderly and in patients with
perineural invasion. Furthermore, tumor size, grade, mitotic
score, necrosis, calcification, lymphatic invasion, hormone
receptor status and Ki67 expression were associated with
altered KLK11 level. Conclusion: Changes in expression
levels of KLK11, associated with patient characteristics,
might be used as complementary data in order to predict
clinical outcome and prognosis in BC.

The involvement of extracellular proteolysis in tumor
invasion and metastasis, through extracellular-matrix (ECM)
degradation, has been acknowledged for a long time (1).
The tumor microenvironment, including the ECM and
stromal cells, acts as an essential modulator of tumor-cell

activities (2). Proteases of the extracellular milieu directly
control and alter the tumor microenvironment and indirectly
stimulate tumor-cell growth, apoptosis, angiogenesis,
invasion and metastasis through irreversible cleavage of
ECM and non-ECM components. Consequently, the
complexity of cancer-related proteolysis in the extracellular
space and its tumor-promoting/-suppressive effects in the
long term are well known.

Among other components, the tissue kallikreins (KLKs),
a family of serine proteases, is one of the key factors
involved in modulating the tumor microenvironment. The
serine protease family is the largest enzyme group that
regulates various biological processes, and KLK genes
comprise the biggest protease group in the human genome
[reviewed in (3)]. The substrate specificity of KLKs is high
and they also have proteolytic effects on arginine and lysine
amino acids. Almost all KLKs have been detected in normal
breast tissue (4, 5), with KLK6, -7, -8, -10, -11, and -14
having the highest levels of expression. The tumor-
associated KLKs (mainly 1 to 15) are a focus for use as
novel diagnostic, prognostic and predictive biomarkers for
patients suffering from solid malignant tumors (6).
Specifically in breast tumors and their tumor
microenvironment, KLKs display different expression levels
throughout the development and progression of breast
cancer (2), moreover implying that they might be involved
in regulating molecular mechanisms of breast cancer
progression and metastasis. 

KLK11 was firstly isolated from the human hippocampus
and is assumed to be a predictive biomarker for prostate
ovarian, and breast cancer (7-9). KLK11 is known to cleave
few substrates compared to other types of proteases, which
indicates it has a high degree of substrate specificity.
Nonetheless there are no conclusive data on the
physiological role of KLK11.
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Regardless of therapy, prognostic factors can provide vital
information about clinical outcomes of patients at the time
of diagnosis. Tumor growth, its potential to be invasive and
metastatic can rely on such factors. Traditional prognostic
factors for breast cancer include the nuclear and histological
grade, axillary lymph node status, tumor size, hormone
receptor statuses [estrogen (ER), progesterone (PR) and
human epidermal growth factor receptor 2 (HER2)] and
Ki67-defined proliferation index are well-recognized
prognostic factors for breast cancer, of which the latter two
are the most clinically relevant. Although these factors have
a great impact on risk assessment, targeted therapies and
individualized treatment (10), there is still a need for the
integration of molecular prognostic factors in order to
improve clinical decision-making.

An alteration in the level of KLK11 expression was
acknowledged to be a possible prognostic biomarker for
several cancer types, such as of the prostate, lung, larynx,
stomach, ovary and colon, during the past decade (Table I).

Although its mRNA expression has been shown in breast
tissue (19), data concerning a prognostic role for KLK11 in
breast cancer are still limited. Current knowledge about
KLK11 mRNA expression in breast tumor, which was shown
to be similar (20) compared to healthy breast tissue over a
decade ago, indicates a significant difference between
histological grade I/II and grade III breast tumors. This was
associated with degradation of insulin-like-factor (IGF)-
binding-protein 3 by KLK11, thus providing growth factors
for breast cancer progression (20). Activation of B1
bradykinin receptor was shown to stimulate overexpression
of KLK11 in an ER+ breast cancer cell line (21). In
addition, another study showed 30-fold up-regulation of
KLK11 level when ER+ breast cancer cells acquired
metformin resistance (22). Whether KLK11 is associated
with good or poor prognosis of patients with breast cancer
remains to be elucidated.

Based on this current knowledge, we aimed to investigate
the potential role of KLK11 as a prognostic biomarker for
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Table I. Recent studies showing kallikrein 11 (KLK11) expression levels in different cancer types.

Author Tumor Number of Method Results Prognosis
type patients

Xiao Yu  Low 126 IHC The degree of positive Patients with strong KLK11 
et al. 2010 rectal immunohistochemical staining in expression had poor prognosis
(11) carcinoma cancerous tissues was higher than 

that in control tissues
Jamaspishvilli Prostate 70 IHC Prostate cancer foci showed Slight difference in KLK11 expression 
et al. 2011 cancer reduced expression of KLK11 between advanced and localized cases, 
(12) compared with BPH per section with up-regulation in advanced ones

per patient
Patsis et al. Laryngeal 105 RT-PCR KLK11 expression was found to KLK11-positive tumor, either primary
2012 (13) squamous be lower in laryngeal primary and or recurrent, was associated with  

cell recurrent cancerous samples, a significantly longer overall survival
carcinoma compared to non-neoplastic specimens

Alexopoulou Primary 120 RT-PCR KLK11 mRNA was overexpressed KLK11 mRNA expression predicted poor 
et al. 2014 colorectal in colorectal adenocarcinomas overall survival in colorectal adenocarcinoma, 
(14) adenocarcinoma compared to non-neoplastic as KLK11-positive patients were 

counterparts at a 3-fold higher risk of death 
Kolin et al. Gastric 113 IHC Expression of KLK11 was  Higher KLK11 expression was significantly 
2015 (15) cancer cytoplasmic. Epithelial expression associated with worse survival in the subgroup 

was higher than stromaI of patients with >30-month survival 
Unal et al. Non-small 44 IHC Immunohistochemical staining Disease-free survival was higher in patients 
2016 (16) cell lung for hK11 was positive strongly positive for hK11 than in those 

cancer in all cases. weakly positive 
Geng et al. Advanced 139 RT-PCR A highly significant positive Elevated KLK11 mRNA level was significantly
2017 (17) high-grade serous correlation was observed between  predictive for both longer OS and PFS, 

ovarian cancer KLK9 and KLK15 as well asbetween  indicating an about two-fold reduced probability 
(FIGO stage KLK10 and KLK11 mRNA of death/progression in the high 

III/IV) expression levels. KLK11-expressing group.
He et al. Esophageal 100 IHC KLK11 expression was significantly Patients with low expression of KLK11 
2019 cancer lower in tumor tissues compared had a higher survival rate than patients 
(18) with adjacent non-tumor tissues with high expression

BPH: Benign prostatic hyperplasia; hK11: human kallikrein 11; FIGO: International Federation of Obstetrics and Gynecology; IHC:
immunohistochemistry; OS: overall survival; PFS: progression-free survival.; RT-PCR: real-time polymerase chain reaction



breast cancer by comparing KLK11 gene expression levels
in tumor and adjacent tumor-free tissues among patients
with breast cancer. Furthermore, we evaluated our results
together with the current prognostic characteristics.

Materials and Methods
Clinical samples. In this study, we included patients who
underwent surgery at the General Surgery Department of Istanbul
University-Cerrahpasa Faculty of Medicine between 2011 and
2013. Pathological examination to diagnose and confirm the
correct sampling of tumor and adipose tissue were performed at
the Pathology Department of Istanbul University-Cerrahpasa
Faculty of Medicine. One tumor and one non-tumor tissue sample
were obtained from each patient and snap-frozen in liquid
nitrogen. All samples were stored at −80˚C until use for the
extraction of total RNA. 

The stages and grades of the tumors were classified according to
the American Joint Committee on Cancer/Union for International
Cancer Control TNM classification and stage groupings (23). All
data for the samples, including age, tumor type, number of tumor
foci, histological grade, necrosis, calcification, lymphatic invasion,
perineural invasion, tumor margins and the status of receptors (ER,
PR and HER2) were recorded. Immunohistochemical staining was
performed for ER, PR, HER2 and Ki67, as well as hematoxylin-
eosin, on tumor samples. silver DNA in situ hybridization was
performed when the HER2 score was 2+. 

All procedures performed in this study were in accordance with
the ethical standards of the institutional and/or National Research
Committee and with the Declaration of Helsinki (2013). All patients
provided written informed consent to participate in this study, which
was approved by The Scientific Research Projects Ethical Board of
Istanbul University-Cerrahpaşa Faculty of Medicine (Protocol No:
2012/259-949). 

Immunohistochemical staining. Three-micrometer-thick sections
from paraffin-embedded-blocks fixed in 10% formaldehyde were
placed on positively charged slides. All immunohistochemistry
staining procedures, including deparaffinization and antigen release
stages, were performed on an automated immunohistochemistry
staining machine (Ventana Benchmark XT, Ventana Medical
Systems, Tuscon, AZ, USA) according to manufacturer’s
instructions, using dilutions of 1/100-1/400 for ER (clone SP1;
Thermo-Scientific, Richard Allan Scientific Co, Kalamazoo, MI,
USA), 1/100-1/200 for PR (clone 16; Novocastra, Leica Biosystems,
Newcastle, UK), and 1/100 for HER2 (clone SP3; Thermo-
Scientific, Richard Allan Scientific Co). The counter staining was
applied with hematoxylin solution in the staining device and the
process was completed after the dehydration and xylene steps. The
positivity or negativity of staining with each antibody was
determined for all cases. Nuclear staining of >10% of cells was
accepted as positivity for ER and PR status. For HER2, more than
30% staining was scored as +3 and cases were considered to be
receptor-positive.

Extraction of total RNA and cDNA synthesis. The procedure for
RNA extraction was as described before (24). Briefly, frozen tissue
samples (~100 mg) were pulverized to fine powder with liquid
nitrogen. TRIzol reagent (Fisher Scientific, Pittsburgh, PA, USA)
was used in conjunction with PureLink RNA Mini Kit (Thermo

Fisher Scientific, Waltham, MA, USA) to isolate RNA from
samples. RNA concentrations were measured with a NanoDrop
1000 spectrophotometer (Thermo Scientific). cDNA synthesis was
achieved according to kit manufacturer protocol (Applied
Biosystems, Carlsbad, CA, USA). The total RNA concentration was
adjusted to 100 ng/reaction.

Reverse transcription polymerase chain reaction (RT-PCR) assay.
RT-PCR analysis was performed according to the protocol of the
TaqMan Gene Expression Assay (Applied Biosystems) by using an
Applied Biosystems 7500 RT- PCR instrument. Actin beta (ACTB)
gene was used as the internal control. The primer sequences for RT-
PCR were as follows: KLK11, forward primer: 5’-CCG CTA CAT
AGT TCA CCT GG-3’, reverse primer: 5’-AGG TGT GAG GCA
GGC GTA ACT-3’; ACTB, forward primer: 5’-TGC ATT GAC
AAC GAG GC-3’, reverse primer: 5’-CTG TCT TGA CAT TGT
TG-3’. Briefly, 10 μl of total PCR reaction contained 5 μl of
TaqMan Gene Expression Master Mix, 0.5 μl of primer mix, 2 μl
of cDNA template, and 2.5 μl RNase-free water. PCR reaction was
conducted as follows: 50˚C for 2 min for uracil N-glycosylase
incubation, 95˚C for 10 min for polymerase activation, and then 40
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Table II. Prognostic features of the study patients. 

Characteristic                             Value

Age, years                                  Mean±SD (range) 58±2.70 (33-83)
Largest tumor diameter, cm      Mean±SD (range) 2.25±0.22 (0.7-6.5)
Operation type, n (%)               BM 4 (14)
                                                   PM 11 (40)
                                                   MRM 13 (46)
Tumor type, n (%)                     Invasive ductal 24 (86)
                                                   Invasive lobular 1 (4)
                                                   Mixed type 3 (10)
Histological grade, n (%)         II 15(54)
                                                   III 13 (46)
Necrosis, n (%)                         Present 10 (36)
                                                   Absent 18 (64)
Calcification, n (%)                   Present 10 (36)
                                                   Absent 18 (64)
Lymphatic invasion, n (%)       Present 18 (64)
                                                   Absent 10 (36)
Perineural invasion, n (%)        Present 19 (68)
                                                   Absent 9 (32)
Tumor margins, n (%)               Infiltrative 24 (86)
                                                   Infiltrative+expansile 4 (14)
Multiple foci, n (%)                  Present 13 (46)
                                                   Absent 15 (54)
ER, n (%)                                   Negative 3 (11)
                                                   Positive 25 (89)
PR, n (%)                                   Negative 8 (29)
                                                   Positive 20 (71)
HER-2/neu, n (%)                     Negative 7 (25)
                                                   Positive 21 (75)
Ki67, n (%)                                High 19 (68)
                                                   Borderline 6 (21)
                                                   Low 3 (11)

BM: Bilateral mastectomy; ER: estrogen receptor; HER2/neu: human
epidermal growth factor receptor 2; MRM: modified radical
mastectomy; PM: partial mastectomy; PR: progesterone receptor.



cycles at 95˚C for 15 s/60˚C for 1 min. All samples were studied
as triplicates. Relative quantitation of gene expression was
calculated using the ΔΔCt method (25).

Statistical analysis. Associations between the expression levels and
the clinicopathological parameters were tested with Fisher’s exact
test (FE) or Mann-Whitney U-test (MU) when appropriate. A two-
sided value of p<0.05 was deemed statistically significant.
Statistical analyses were performed using SPSS 21 software (IBM
Corp., Armonk, NY, USA).

Results

Patient characteristics. Tumor and adjacent normal breast
tissue (~200 mg) samples were collected from 28 female
patients who were diagnosed with invasive breast cancer
and underwent mastectomy or breast-conserving surgery at
Istanbul University-Cerrahpasa Faculty of Medicine during
the period of February 2011–May 2013. The patients
included in the study did not receive adjuvant chemotherapy
before surgery and their mean age was 58±2.70 years
(range=33-83 years). Other clinicopathological parameters
are given in Table II. Most of the patients had invasive
ductal carcinoma (86%) and ER/PR-positive receptor status,
which is the most common form of breast cancer. A high
rate of Ki67 expression was observed in most tumors.
Regarding the histological grades, they were almost equally
distributed between II and III. The presence of lymphatic or
perineural invasion was detected in the majority of the
cases. In contrast, necrosis and calcification were observed
less frequently. 

KLK11 mRNA expression and its association with prognostic
features. The expression levels in tumor were compared to
non-tumor from 28 patients. Except for one patient, all the
others showed the same pattern of KLK11 expression.
Overall, KLK11 expression was found to be 1.3-fold higher
in tumor compared to non-tumor tissue (Figure 1). 

We further examined the possible associations of
clinicopathological parameters by defining three groups
according to the KLK11 expression level: Down-regulated:
down-regulation by two-fold or more compared to the paired
peripheral tissues); no alteration: change of expression by
less than two-fold down-/up-regulation compared to the
paired peripheral tissues; and up-regulated: up-regulation by
2-fold or more compared to the paired peripheral tissues
(Table III). Groups showing significant expression
differences are shown in Figure 2 and Figure 3. 

Age of the patients and presence of perineural invasion
were observed to be associated with two-fold or more down-
regulation of KLK11 [Figure 2, p=0.042 and p=0.009 (FE),
respectively]. Down-regulation was also found to be
associated with having a larger tumor diameter (≥2 cm)
(Figure 3A, p=0.0032), higher tumor grade (Figure 3B,
p=0.0029 MU), mitotic score >1 (Figure 3C, p=0.0007 MU),
calcification (Figure 3E, p=0.0014 MU), lymphatic invasion
(Figure 3F, p=0.0041 MU), PR+ (Figure 3H, p=0.0001 MU),
HER2− (Figure 3I, p<0.00001 MU) and high Ki67 level
(Figure 3J, p=0.0017 MU). 

Only two relatively good prognostic parameters, which
were the absence of necrosis (Figure 3D) and the presence
of ER (Figure 3G), were associated with KLK11 up-
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Figure 1. Kallikrein 11 expression levels in tumor tissue relative to normal peripheral tissue among patients with breast cancer.
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Table III. Distribution of kallikrein 11 expression levels according to prognostic features.

Characteristic                                  Down-regulated, No alteration, Up-regulated, 
                                                         n (%) n (%) n (%)

Age                                                  <50 Years 2 (25) 5 (63) 1 (12)
                                                         ≥50 Years 10 (50) 3 (15) 7 (35)
Tumor diameter                               <2 cm 3 (38) 5 (62) 0 (0)
                                                         ≥2 cm 9 (45) 3 (15) 8 (40)
Tumor type                                      Invasive ductal 12 (50) 7 (29) 5 (21)
                                                         Invasive lobular 0 (0) 0 (0) 1(100)
                                                         Mixed type 0 (0) 1 (33) 2 (64)
Histological grade                           II 4 (27) 5 (33) 6 (40)
                                                         III 8 (62) 3 (23) 2 (15)
Mitotic score                                   >1 9 (53) 5(29) 3(18)
                                                         1 3(27) 3(27) 5(46)
Necrosis                                           Present 6 (60) 3 (30) 1(10)
                                                         Absent 6 (33) 5 (28) 7 (39)
Calcification                                    Present 7 (58) 2 (17) 3 (25)
                                                         Absent 5 (31) 6 (38) 5 (31)
Lymphatic invasion                         Present 8 (44) 4 (22) 6 (34)
                                                         Absent 4 (40) 4 (40) 2 (20)
Perineural invasion                         Present 10 (53) 2 (11) 7 (36)
                                                         Absent 2 (22) 6 (67) 1 (11)
Tumor margins                                Infiltrative 10 (42) 6 (25) 8 (33)
                                                         Infiltrative+expansile 2 (50) 2 (50) 0 (0)
Multiple foci                                    Present 5 (62) 4 (19) 4 (19)
                                                         Absent 7 (46) 4 (27) 4 (27)
ER                                                    Negative 1 (33) 2 (67) 0 (0)
                                                         Positive 11 (44) 6 (24) 8 (32)
PR                                                    Negative 3 (75) 1 (25) 0 (0)
                                                         Positive 9 (38) 7 (29) 8 (33)
HER2/neu                                        Negative 11 (52) 4 (19) 6 (29)
                                                         Positive 1 (14) 4 (57) 2 (29)
Ki67                                                 High 8 (42) 6 (32) 5 (26)
                                                         Borderline+low 4 (44) 2 (22) 3 (34)

ER: Estrogen receptor; PR: progesterone receptor; HER2/neu: human epidermal growth factor receptor 2.

Figure 2. Distribution of the expression levels of kallikrein 11 in association with age and perineural invasion in patients with breast cancer. 
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Figure 3. Continued



regulation with statistical significance (p=0.0001 and
p<0.00001, MU). We did not observe a significant
difference between the groups regarding prognostic features
when we compared the group with no alteration with the
rest of the cases. 

Discussion

KLKs have an undisputed role in regulation of tumor growth
and metastasis for breast tumors which the observed
association with breast tissue development as well as various
stages of breast cancer development and progression can be
accepted as evidence. Indeed, deregulation of KLK function

results in proteolytic activation and aberrant activity of
several proteases (other pro-KLKs, matrix
metalloproteinases, urokinase-type plasminogen activator),
cell surface receptors (e.g. protease-activated receptors,
urokinase-type plasminogen activator receptor), growth
factors (IGF-binding proteins, latent transforming growth
factor β, and hormones (parathyroid hormone-related
protein), all of which result in an accumulation of
tumorigenic stimuli and trigger cancer development (26).
KLK-dependent dysregulation of the IGF axis results in pro-
mitogenic and anti-apoptotic effects on normal and breast
tumor cells (27, 28). The migration of tumor cells into the
surrounding tissues and entry into the circulation are
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Figure 3. Down-regulation of kallikrein 11 (KLK11) expression significantly (p<0.05) associated with prognostic parameters among patients. ER:
Estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth factor receptor 2.



fundamental for cancer dissemination. This process requires
proteolysis of ECM proteins, where KLKs are involved both
directly by cleaving ECM compounds and indirectly by
activation of other ECM-degrading proteases. Numerous
studies have been conducted about the KLK11 expression
pattern and its association with prognosis (Table I) however
there were few studies regarding breast carcinomas (29).
When we evaluated our data for KLK11 expression levels
together with known prognostic factors (good/poor
prognosis) (30), overall, the down-regulations were clustered
in favor of poor prognosis, except for age and HER2
expression (Figure 4). 

One of the strongest demographic risk factors for human
cancer is age (31), with breast cancer rates gradually
increasing with age. Although tumors are less common in
young women, they do tend to have the aggressive types
when they develop it. In previous studies, age is recognized
as an important prognostic indicator for breast cancer (32,
33), which indicates that young patients with breast cancer
generally have a poorer prognosis by comparison with elderly
patients at the same clinical stage (34, 35). In our study,
KLK11 expression in tumor tissues of patients over 50 years
old tended to be down-regulated. In this context, KLK11
down-regulation might be a supportive prognostic factor. Our
evaluation was based on tumor tissue expression compared to
matched peripheral tissue and most of our patients had
invasive type carcinoma (25 out of 28); therefore, it is
tempting to hypothesize ECM degradation via KLKs may be
directed mainly by tumor stromal cells in such cases. A
possible stimulus of KLK11 expression in peripheral tissue

may be facilitated by secretion of tumor necrosis factor α
(TNFα) from tumor cells. As one of the major inflammatory
cytokines, TNFα is overexpressed in advanced breast cancer
cases. Its involvement in a range of different biological
responses was observed, for example increased expression of
metalloproteases, epithelial–mesenchymal transition,
angiogenesis, inflammation, and drug resistance (36-38). In
addition, expression of KLKs, including KLK11, were shown
to be stimulated via TNFα, together with the expression of
B1 bradykinin receptor, which increases cell proliferation and
expression/secretion of metalloproteases (21). 

Most cases of breast cancer are hormone-dependent (39).
KLK activities are altered via regulation of steroid
hormones. Thus, they may be downstream targets for
hormones which have significant influence on the initiation
or progression of breast cancer. Tumors expressing ER and
PR tend to be less aggressive, of low grade and have low
risk of metastasis and recurrence. The prognosis and
response to the treatment are generally good in such cases
(40). ER positivity was associated with high KLK11
expression by a previous study (12); however, our results
showed the opposite (Figure 3H). The discrepancy may be
related to the samples used as we conducted our experiments
with patient tissue samples (tumor and peripheral breast
tissue) not cell lines. Molecular mechanisms between ER
signaling and KLK11 regulation are still unclear and need to
be investigated further.

Like hormonal receptors, HER2 and Ki67 are also
recognized prognostic molecular markers for breast cancer
and their overexpression provides an idea about the
aggressiveness and the risk of developing recurrence,
respectively (38). KLK11 expression was observed to be
down-regulated in the presence of Ki67 but not HER2. One
possible explanation for this difference is that KLKs, acting
as a network, participate in proteolytic pathways that
contribute to the neoplastic process (41). Knockdown of
KLK11 was shown to suppress the phosphoinositide 3-
kinase/AKT serine/threonine kinase 1 signaling pathway
(42), which induces Ki67 and consequently cell proliferation.
The reason we observed high Ki67 index with low KLK11
expression in breast tumor tissues might be due the to the
expression of other KLKs. One possible molecular
mechanism might be through the cleavage of the
extracellular N-terminal segment of protease-activated
receptors by KLKs, turning on downstream intracellular
signaling pathways that activate mitogen-activated protein
kinase, which eventually stimulates cell proliferation via
increasing Ki67 expression (Figure 5) (43). Analysing the
expression of a panel of KLKs in breast cancer tissue
samples will give an insight into this phenomenon.

Features such as higher histological grade (44), larger
tumor size (45), presence of perineural invasion (46),
lymphatic invasion (47) and calcification (48) associated
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Figure 4. Heatmap of tumor tissue kallikrein 11 expression and
prognostic features. The poor prognosis cluster contained most of the
highly down-regulated cases. Mean log fold-change values were used
to create the heatmap. ER: Estrogen receptor; HER2: human epidermal
growth factor receptor; PR: progesterone receptor 2.



with KLK11 down-regulation in this study are all indicators
of stronger proliferation and metastasis. In particular, the
significant inverse correlation between histological grade
and KLK11 expression that we observed has also been
reported by other groups for breast tumor tissue samples
(formalin-fixed paraffin-embedded and fresh tissues) (20,
49). Although it is not a definitive result considering the
small study group, our findings pointed out that KLK11
expression levels in breast tissue were correlated with these
prognostic features. 

Conclusion

Our study is one of the few studies investigating KLK11
expression status in breast cancer. Although our study group
was relatively small, to our knowledge this is the first report
considering its potential prognostic value in association with
the currently used parameters. We observed that expression
levels of KLK11 in breast tissue of patients with cancer may
have benefits in supporting the prognosis of the disease.
Further investigations with larger study groups are needed in
order to validate KLK11 down-regulation being associated
with prognosis. The role of KLK11 in breast cancer
prognosis and its underlying mechanism will be more clearly
understood when the KLK network is evaluated as a whole. 
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