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Abstract The human kallikrein 8 protein (KLKS) is
expressed in many normal tissues including esophagus,
skin, testis, tonsil, kidney, breast, and salivary gland, and is
found in biological fluids including breast milk, amniotic
fluid, seminal fluid and serum. It has also been shown to be
a biomarker and prognostic factor for breast cancer. The
aim of this study was to determine whether KLKS8 is
expressed in salivary gland tissues and salivary gland
tumors (both benign and malignant), in order to compare
normal with tumor tissues. Pleomorphic adenomas, ade-
noid cystic carcinomas, polymorphous low grade
adenocarcinomas, acinic cell carcinomas, mucoepidermoid
carcinomas, and adenocarcinomas NOS of both minor and
major salivary glands were examined. The results of this
study indicate that most salivary gland tumors show high
levels of expression of KLLK8.
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Abbreviations
PA Pleomorphic adenoma
ACC Adenoid cystic carcinoma

PLGA Polymorphous low grade adenocarcinoma
ACI Acinic cell carcinoma

MEC  Mucoepidermoid carcinoma

ANOS Adenocarcinoma not otherwise specified
KLK  Human kallikrein protein

KLK Human kallikrein gene

RT Room temperature

PBS Phosphate-buffered saline
Pab Polyclonal antibody
DAB 3,3’-Diaminobenzidine

Introduction

Human tissue kallikreins (KLKs) are a subfamily of serine
proteases encoded by 15 genes, localized in tandem on
human chromosome 19q13.4 [1-4]. Recently, many novel
kallikrein genes have been characterized and a detailed
map of the human kallikrein gene locus has been con-
structed [4]. The members of the kallikrein family are now
implicated in a wide range of normal and pathological
processes, either independently or as part of a proteolytic
cascade [4, 5]. Most kallikreins show trypsin- and chy-
motrypsin-like activity [6].

Numerous studies have shown that kallikreins are
overexpressed in ovarian, breast, and prostate carcinomas
and that some may be important new biomarkers for
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diagnosis and monitoring of many cancer types [7-9]. The
overexpression of kallikreins in malignant tumors has been
linked with both favourable and poor patient prognosis [4].

Several studies have shown that most human kallikreins
are expressed in the salivary glands [1, 2, 10]. It is thus
possible that some members of this family may be valuable
markers for differential diagnosis, sub-typing and moni-
toring of patients with salivary gland carcinomas.

The kallikrein 8 gene (KLKS8) was described by Yoshida
et al. as the kallikrein-like gene, KLK-8/neuropsin [11]. The
KLKS protein is expressed in many normal tissues, most
notably in esophagus, skin, testis, tonsil, kidney, breast and
salivary gland; and in biological fluids such as breast milk,
amniotic fluid, seminal fluid and serum [12]. To date, there
are few reports linking KLLK8 to cancer. It may be a bio-
marker and prognostic indicator for ovarian cancer [9].

The aim of this study was to determine whether KLLK8 is
expressed in salivary gland tissues and salivary gland
tumors (both benign and malignant), in order to compare
normal with tumor tissues. This is the first report of KLLKS8
expression in salivary gland tumors.

Materials and Methods

Archival formalin fixed-paraffin embedded tumor tissues
from the Division of Oral Pathology, Department of
Pathology, University of Western Ontario were cut in
5 micron sections, and stained using a standard immun-
operoxidase technique. Twenty six pleomorphic adenomas
(PA), 23 adenoid cystic carcinomas (ACC), 13 polymor-
phous low grade adenocarcinomas (PLGA), 7 ACIs (ACI),
24 mucoepidermoid carcinomas (MEC), 8 adenocarcino-
mas NOS (ANOS) of salivary gland origin and 57 normal
salivary gland controls were used in the study. The tumors
were diagnosed according to criteria published in the Atlas
of Tumor Pathology: Tumors of the Salivary Glands of the
Armed Forces Institute of Pathology [13]. Appropriate
matching negative controls (primary antibody omitted from
tissue slides), one for each experimental tumor section, and
positive controls (skin), were used.

A KLKS8-specific rabbit polyclonal antibody raised
against full length recombinant KLK8 protein produced in
yeast, and tested for specificity and sensitivity, was used at
a dilution of 1:4,000. The recombinant KLKS protein was
produced and purified by ultra sensitive immunoassay as
described previously [14].

Staining procedures included deparaffinization in xylene
for 13 min with two changes of xylene at room temperature
(RT) followed by transfer through graded alcohols and
rehydration. Endogenous peroxidase activity was blocked
with fresh 3% H,0O, in methanol for 5 min. The sections
were rinsed in PBS for 10 min on a shaker. Antigen retrieval

was achieved by immersing the slides in boiling citrate
buffer (pH 6.0) for 10 min at high power, and 10 min 50%
power in a microwave oven. They were then rinsed in water
and PBS for 5 min, blocked in 10% horse serum for 30 min
at RT in a humidified chamber, and incubated with the
KLKS primary rabbit polyclonal antibody (Pab) for 1 h at
RT. After two washes in PBS, the biotinylated goat anti-
rabbit secondary antibody (1/200 dilution, prepared in 10%
horse serum, Vector Elite Kit, Vector Laboratories, Bur-
lington, ON) was applied for 30 min at RT. After two rinses
with PBS, the freshly prepared ABC reagent was applied for
30 min at RT. The enzymatic reaction was developed in a
freshly prepared solution of 3,3’-diaminobenzidine tetra-
hydrochloride (DAB) (Sigma-Aldrich, Oakville, ON) for
5 min. The sections were then rinsed with water, counter-
stained with hematoxylin for 3 min, dehydrated, cleared
with xylene and mounted.

A proportion score and intensity score using a well-
documented system was used to assess KLKS8 immuno-
staining [15, 16]. The proportion score represents the
estimated fraction of positively staining tumor cells (where
0 = none; 1 < 1/100; 2 = (1/100)—(1/10); 3 = (1/10)—(1/
3); 4 = (1/3)-(2/3); 5 > 2/3). For staining intensity, the
score is represented by the estimated average staining
intensity of positively staining tumor cells (where
0 = none; 1 = weak; 2 = intermediate; 3 = strong). The
overall amount of positive staining was then expressed as
the sum of the proportion and intensity scores (ranges: O for
negative staining and 2-8 for positive staining). In normal
salivary gland tissue, ductal and acinar cells were scored
separately. In tumor tissue, cells lining duct-like structures
and non-ductal cells were scored for extent of positive and
intensity of staining. For the purposes of this study, duct-
like cells are regarded as those cells that line the lumens of
duct-like structures within tumor tissue, while non-ductal
cells are any cells in the tumor tissue that are not obviously
lining ducts. Cells lining pseudocystic spaces, such as those
in ACC, were scored as non-ductal cells. For MEC, squa-
mous cells, mucous cells and intermediate cells were scored
separately. These cells were identified by two experienced
histopathologists, and based on morphological descriptions
in the Atlas of Tumor Pathology, Armed Forces Institute of
Pathology [13]. Intermediate cells are round to ovoid cells,
about two to three times larger than lymphocytes, mucous
cells which are large and contained obvious mucin droplets
were easy to identify, while epidermoid cells are large
polygonal cells. The immunohistochemically stained slides
were also compared with hematoxylin and eosin, and
mucicarmine stained tissues to facilitate cell identification.
Non-epithelial cells were not scored. The staining was
assessed by three trained examiners to achieve consistency
by comparison and correlation of assessments in order to
reduce inter-examiner variability.
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Wilcoxon and Dunn’s multiple comparisons tests were
used, where appropriate, for the statistical analyses. Sta-
tistical significance was set at P < 0.05.

Results

The KLKS8 immunoreactivity was assessed in the cyto-
plasm of cells that stained positively (Figs. 1-5). There
were no significant differences in staining of normal minor
(mucous) and major (mucous and serous) salivary glands,
and so the data for all normal glands were combined. In
general, all the tumors showed a relatively high overall
staining for both ductal and non-ductal cells. The data are
summarized in Tables 1 and 2.

In comparing total scores of normal salivary gland tissue
and all malignant salivary gland tumors, the P-value was
0.0268, showing a significant, although not striking, differ-
ence with higher expression in the malignant tumors,
particularly because of MEC and ANOS. MECs expressed
significantly more KLKS8 than normal salivary gland
(P = 0.0011). Adenocarcinoma NOS expressed signifi-
cantly more KLK8 than normal salivary glands
(P = 0.0068).

Comparison of all benign tumors and malignant tumors
showed that both MEC and ANOS expressed more KLKS8
than PA (P = 0.0174 and 0.0435 respectively).

Comparison of malignant tumors showed that MEC and
ANOS expressed higher levels of KLKS8 than PLGA
(P = 0.0005 and 0.0132 respectively).

Comparison of ductal and non-ductal cells also yielded
some significant differences. Ductal cells were seen and
scored only in normal salivary gland tissue, PA, ACC and
PLGA. All ductal cells showed a significantly increased

Fig. 1 KLKS staining (brown staining in cytoplasm of cells) in
normal salivary gland tissue (original magnification x400)

Fig. 2 KLKS staining (brown staining in cytoplasm of cells) in PA
(original magnification x400)

Fig. 3 KLKS staining (brown staining in cytoplasm of cells) in ACC
(original magnification x400)

expression of KLKS8 over non-ductal cells (P = 0.0001).
Normal ductal cells showed significantly higher KLK8
expression than non-ductal cells of normal salivary gland
tissue (P = 0.0001). All tumor ductal cells showed sig-
nificantly higher KLK8 expression than all tumor non-
ductal cells (P = 0.0042). Ductal cells in PA showed sig-
nificantly higher staining than non-ductal cells in PA
(P = 0.019). PA ductal cells also stained significantly
higher than PLGA ductal cells (P = 0.015). ACC non-
ductal cells exhibited significantly more staining than non-
ductal cells in normal salivary gland tissues (P = 0.0436).

Using ANOVA, differences between the three cell types
(mucous, squamous and intermediate) were extremely
significant (P = 0.0007) in MECs. A Dunn pairs compar-
ison showed that mucous cells exhibited more KLKS8
staining than intermediate cells (P < 0.001).
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Fig. 4 KLKS8 staining (brown staining in cytoplasm of cells) in
PLGA (original magnification x400)

Fig. 5 KLKS staining (brown staining in cytoplasm of cells) in MEC
(original magnification x400)

Discussion

The kallikrein gene locus on chromosome 19q13.4 has
been well characterized [1, 4]. The family consists of 15
genes encoding for secreted serine proteases. Human tissue
kallikreins (KLKs) are the largest contiguous group of
proteases within the genome and are becoming a research
focus because of their association with various forms of
cancer. Among the proteins encoded, prostate specific
antigen (PSA which is KLK3) has been shown to be a
valuable marker for prostate cancer [1-4, 7-9]. A number
of other kallikreins, such as KLK6, KLLK7, KLLK8, KLLK10,
KLKI11, KLK13 and KLK14, have also been associated
with various forms of malignancy [1-4, 7-9].

KLKS is found in high levels in normal tissue extracts of
esophagus and skin and in fetal tissue extracts of ureter and

tonsil, while it is present in lower levels in testis, tonsil,
kidney, breast, salivary gland, lymph nodes and fallopian
tubes. It is found in high levels in breast milk but is also
present in other biological fluids such as amniotic fluid,
follicular fluid, seminal fluid, serum and cerebrospinal fluid
[12].

Kishi et al. demonstrated that KLKS8 was present in high
levels in ascites fluid and serum of ovarian cancer patients,
and proposed it as a novel biomarker for ovarian cancer
[17]. The KLKS8 gene is up-regulated in ovarian cancer [18]
and its higher expression is associated with a favourable
outcome [19]. Magklara et al., using reversed transcription
PCR on ovarian tumor tissue extracts, reported that KLKS
and its spliced variants were expressed very frequently and
that full-length KLLK8 expression is an independent and
favourable prognostic marker for ovarian cancer. Patients
with higher KLKS8 expression in the tumor have lower
grade disease, lower residual tumor left after surgery, live
longer, and relapse less frequently [19, 20]. Borgono et al.
reported similar results using ELISA to quantify KLKS in
136 ovarian tumor extracts, showing that women with
KLK8 positive tumors had lower grade tumors, and sig-
nificantly longer progression-free and overall survival than
KLKS negative patients [21].

KLKS is downregulated in breast cancer tissues and cell
lines [22]. On the other hand, KLKS, along with several
other kallikrein genes, could be primarily up-regulated by
17f-estradiol and, to a lesser degree, by other steroid
hormones in hormone receptor-positive breast cancer cell
lines MCF-7 and T-47D, suggesting a coordinated kalli-
krein expression as part of a complex regulatory
mechanism that controls the expression of these genes and
also their downstream physiological function [23].

Cané et al. found that KLKS is highly over-expressed in
cervical cancer cell lines, suggesting that KLKS8 has the
potential to become a useful diagnostic tool for monitoring
response to therapy as well as to detect early recurrence
after treatment and may also serve as a novel target antigen
for the therapy of cervical tumors refractory to standard
treatment modalities [24].

It has been suggested that expression of KLK8 may be
regulated by sex steroid hormones in endometria, and that
elevated KLK8 mRNA and KLKS8 expression is an early
event in endometrial carcinogenesis. This may potentially
serve as a useful early biomarker for the detection of
endometrial carcinomas [25].

In non-small cell lung cancer, KLKS appears to suppress
tumor cell invasiveness by degrading fibronectin, thereby
suppressing integrin signalling, and also retards cancer cell
motility by inhibiting actin polymerization [26]. In a mouse
model, KLKS8 suppresses tumor growth and invasion
in vivo. In patients with non-small cell lung cancer, too,
the time to postoperative recurrence was longer for early-
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Table 1 Staining in ductal cells and non-ductal cells and total scores for immunostaining of major and minor salivary glands, and salivary

tumors for human kallikrein 8 (Average staining &+ SD%)

b

n Ductal cells Non-ductal cells Average of total scores
. n of ductal & non-ductal
P I Total P I Total
Normal 57 49+ 0.5 24 +08 73 £ 1.0 49+02 1.8 £ 0.6 6.7 £ 0.7 7.0 £ 0.8
PA 26 49 +03 27 +05 7.6 £ 0.6 44+ 06 20£0.7 6.4+ 12 7.0 £ 09
ACC 23 48 £ 05 24 +07 72+ 1.0 46+ 1.1 22+£09 6.7+ 1.7 70+ 1.4
PLGA 13 5.0+ 0.0 2.0+ 0.6 7.0 £ 0.6 5.0+ 0.0 1.8 £0.5 6.8 £0.5 69 £ 0.5
ACI 7 5.0+ 0.0 20+£0.8 7.0 £ 0.8 7.0 £ 0.8
ANOS 8 5.0+ 0.0 2.6 £0.7 7.6 £0.7 7.6 £0.7
MEC 24 75+ 05
 For staining score definition, see text. SD = Standard deviation
® Number of samples
¢ P = Proportion score
1= Intensity score
Table 2 KLKS staining in mucoepidermoid carcinomas of major and Conclusion

minor glands

n =24 Squamous cells ~ Mucous cells Intermediate cells
P° 1 Total P I Total P I Total

Average® 50 25 7.5 50 22 7.1 50 29 79

SD° 00 05 05 02 06 06 00 04 04

 For staining score definition, see text
" SD = Standard deviation
¢ P = Proportion score

1= Intensity score

stage patients with high KLKS8 expression than for patients
with low KLK8 expression.

KLKS is a serine protease which exhibits trypsin-like
activity and can degrade casein, fibronectin, gelatin, col-
lagen type IV, fibrinogen and high-molecular weight
kininogen. Its activity is inhibited by typical serine prote-
ase inhibitors [6, 27]. This suggests that it is implicated in
extracellular matrix protein degradation in the areas sur-
rounding KLK8-producing cells [6].

Tissue kallikreins have now been implicated in proteo-
lytic cascade pathways in normal physiology and cancer
[28-30]. These cascades are operative and regulatory in
semen liquefaction, skin desquamation, psoriasis, skin
cancer and prostate cancer. KLLK8 is a part of the proteo-
lytic cascade in semen liquefaction, skin desquamation,
several skin diseases and squamous cell carcinoma of the
skin, as well as prostate cancer progression [28]. KLKS, 6
and 13 are also involved in some of these cascades. It is
therefore conceivable that a proteolytic cascade involving
KLKS and the other kallikreins may be operative in sali-
vary gland cancers. We are currently investigating the
expression of most kallikreins in salivary gland cancers.

In conclusion, KLK8 was present in relatively high levels
in ductal cells, as well as in non-ductal cells, of normal
salivary gland tissues and benign and malignant salivary
gland tumors. Our experiments have shown us that gener-
ally, KLKS is significantly higher in ductal cells than in
non-ductal cells, and that in general, malignant tumors
expressed higher levels of KLKS8 than normal salivary
gland tissue and benign tumors. Where there have been
good follow up studies in cancer patients, e.g. ovarian
cancer, overexpression of KLKS8 has been shown to predict
a better prognosis [19]. This hypothesis has to be tested
with salivary gland tumors, and studies are underway to
determine the correlation of the expression of various
kallikreins in malignant salivary gland tumors with patient
outcome (e.g. tumor recurrence, survival rates, and prog-
nosis). We have previously demonstrated the high

Table 3 Comparison of immunohistochemical staining of human
kallikreins 3, 5, 6, 13 and 8 in normal salivary gland tissue (minor and
major glands) and salivary gland tumors [31-33]

Average of total scores® for ductal and non-ductal cells®

KLK3 KLKS5 KLK6 KLK13 KLK8
Normal 0.0 0.0 6.0 6.8 7.0
PA 0.0 0.2 3.7 5.8 7.0
ACC 0.0 0.2 3.8 7.2 7.0
PLGA 0.0 0.0 5.8 7.4 6.9
ACI 0.0 0.0 6.0 73 7.0
ANOS 0.0 0.4 6.8 7.8 7.6
MEC 0.0 0.4 6.1 6.8 7.5

 For staining score definition, see text

® No ductal cells were seen in ACI, ANOS and MEC. Squamous
cells, intermediate cells and mucous cells were scored in MEC



174

Head and Neck Pathol (2008) 2:169-174

expression of KLK13, and absence of, or low expression of
KLK3, KLKS5 and KLK6 in salivary gland tumors (see
Table 3 for comparison with results for KLK8) [31-33]. As
suggested by Paliouras and Diamandis, the kallikreins
which are upregulated may be due to a coordinated acti-
vation [34], which in salivary gland tumors may be
controlled by as yet unrecognised mechanisms, meriting
further investigation. In addition, the kallikrein expression
profile of individual malignant salivary tumors, and its
correlation with tumor spread, recurrence and prognosis, is
currently being investigated.
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