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SUMMARY The human tissue kallikrein 13 gene (KLK13), encoding for hK13 protein, was
recently cloned and characterized. Here we describe the immunohistochemical (IHC) local-
ization of hK13 in normal human tissues and compare it with the expression of two other
kallikreins, hK6 and hK10. We performed the streptavidin—-biotin IHC method on 204 paraf-
fin blocks from archival, current, and autopsy material prepared from almost every normal
human tissue, using a polyclonal and a monoclonal hK13 antibody. The staining was cyto-
plasmic and both antibodies yielded similar results. The hK13 protein was revealed in a va-
riety of tissues, mainly in glandular epithelia. Other epithelia that expressed hK13 included
the urothelium, the spermatic epithelium, and the epithelium of the choroid plexus. hK13
was intensely immunoexpressed by some endocrine organs, such as the adenohypophysis,
the thyroid gland, the parathyroid glands, the adrenal medulla, the Leydig cells of the tes-
tis, and the cells of the endocrine pancreas. Inmunoreactivity was also observed in the pri-
mordial follicles, the corpus luteum, and sparse luteinized cells in the stroma of the ovary,
the trophoblastic cells of the placenta, the Hassall’s corpuscles of the thymus, and chondro-
cytes. Nerves and ganglia of the peripheral nervous system, and both neurons and glial
cells in the central nervous system, were positive. In short, hK13 was expressed by many
glandular epithelia, some endocrine organs, and some specialized epithelia and cells. Com-
parison of these data with hK6 and hK10 expression suggests that the three kallikreins
have a similar IHC pattern in normal human tissues. () Histochem Cytochem 51:493-501, 2003)
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HUMAN TISSUE KALLIKREINS are members of a large
multigene family of 15 serine proteases (Bhoola et al.
1992; Diamandis et al. 2000b; Yousef and Diamandis
2001). An international group of investigators has
agreed on unified nomenclature for the genes desig-
nated as KLK1-KLK15 and their encoded proteins
hK1-hK15 (Diamandis et al. 2000a). hK3 (prostate-
specific antigen, PSA) and hK2 are relatively prostate-
specific and have already found important applica-
tions as biomarkers for the diagnosis and monitoring
of prostate cancer (McCormack et al. 1995; Chu
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1997; Rittenhouse et al. 1998). It is worth mention-
ing, however, that hK3 and hK2 proteins and mRNA
have been found in significant amounts in the female
breast and at lower levels in many other tissues (Black
and Diamandis 2000; Black et al. 2000). The remain-
ing kallikreins are not tissue-specific, although certain
genes are preferentially expressed in specific organs
(Diamandis et al. 2000b; Yousef and Diamandis
2001). The human tissue kallikrein 13 gene (KLK13),
encoding for hK13 protein, is a recently cloned gene
that was originally named kallikrein-like gene 4 (KLK-
L4) (Yousef et al. 1999,2000).

Very few studies have examined human kallikrein
expression by IHC in normal or diseased tissues. In
our previous reports, we described hK6 and hK10 ex-
pression in a variety of normal tissues by IHC (Petraki
et al. 2001,2002) and observed that both kallikreins
had a similar IHC pattern of expression. Here we de-
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scribe the IHC localization of hK13 in diverse human
tissues and correlate these data with the expression of

hKé6 and hK10.

Materials and Methods

Representative samples from almost all normal human tis-
sues were studied by IHC. Parts of an organ with different
histology (e.g., stomach fundus, body, antrum) were exam-
ined separately. Tissues that exist in several organs (e.g., fat,
muscle, vessels, peripheral nerves, ganglia) were not studied
separately. A total of 204 paraffin blocks were examined.
From these, 170 represented archival or current material
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from 137 cases and the other 34 samples were autopsy ma-
terial from two cases. The archival and the current material
were biopsy or surgical specimens (Table 1). Most but not
all of these samples were examined previously for hKé and
hK10 immunoexpression (Petraki et al. 2001,2002).

The THC staining was performed on 4-um-thick paraffin
sections of tissues fixed in buffered formalin, according to a
streptavidin—biotin—peroxidase protocol using the DAKO
LSAB+Kit Peroxidase (DAKO; Glostrup, Denmark). An
hK13-specific rabbit polyclonal antibody (1:500) and two
hK13 (2-17 and 11C1) mouse monoclonal antibodies
(MAbs: 1:150 and 1:50, respectively) raised against full-
length recombinant hK13 protein produced in yeast were

Table 1 Tissues studied for the immunohistochemical expression of human kallikrein 13

Organ

Special tissue

n cases n paraffin
(139) blocks (204)

Mouth mucosa
Pharynx
Esophagus
Stomach

Small intestine
Large intestine
Anus

Appendix
Major salivary glands
Liver
Gallbladder
Pancreas
Paranasal sinuses
Rhinopharynx
Larynx

Trachea

Lung

Kidney

Urinary bladder
Prostate gland
Seminal vesicle
Spermatic duct
Epididymis
Testis

Breast

Uterus

Vagina

Vulva

Ovary

Fallopian tube
Placenta
Thyroid gland
Parathyroid glands
Adrenal gland
Pituitary gland
Lymph nodes
Spleen

Bone marrow
Thymus

Tonsils

Fundus, body, antrum
Duodenum, jejunum, ileum

Cortex, medulla

Corpus, cervix

Cortex, medulla

Brain Cortex, medulla, cerebellum, choroid plexus, meninges

Skin

Cecum, ascending colon, transverse colon, descending colon, sigmoid, rectum
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used. The recombinant hK13 protein was produced and pu-
rified by HPLC as previously described for hK10 protein
(Luo et al. 2001b). None of these antibodies crossreacted
with other kallikreins in ELISA assays (Kapadia et al. in
press). Staining procedures included deparaffinization in
warm xylene for 5 min with two changes of xylene at room
temperature (RT), followed by rehydration by transfer
through graded alcohols. Endogenous peroxidase activity
was blocked with 0.5% H,O, in methanol for 10 min. The
sections were pretreated with 10 mmol/liter citrate buffer
(pH 6.1) in a microwave oven for 5 min and were incubated
overnight at 4C with the hK13 primary rabbit polyclonal
(PAb) and mouse MAD in 3% BSA. After two washes of the
sections in 50 mM Tris buffer (pH 7.6), the biotinylated link
(DAKO; Carpinteria, CA) was applied for 15 min and a
streptavidin-peroxidase conjugate followed for another 15
min. The enzymatic reaction was developed in a freshly pre-
pared solution of 3,3’-diaminobenzidine tetrahydrochloride
using DAKO Liquid DAB Substrate-Chromogen Solution
for 10 min (brown color). The sections were then counter-
stained with hemalum, dehydrated, cleared in xylene, and
mounted. The staining pattern, the distribution of the immu-
nostaining in each tissue, and the intensity of the staining
were studied in detail.

In selected tissues the primary polyclonal antibody was
replaced by a nonimmune rabbit serum (1:500) in 3% BSA
to evaluate nonspecific binding. For the same reason, an im-
munoabsorption test was also performed in which the pri-
mary hK13 antibody was incubated for 1 hr at RT with an
excess of recombinant hK13 antigen.

Results

The hK13 immunoreactivity, using the polyclonal an-
tibody and the two MAbs, was generally localized in
the cytoplasm. All antibodies revealed the same distri-
bution of the antigen in all tissues. Replacement of the
primary polyclonal antibody with nonimmune rabbit
serum and the immunoabsorption test resulted in dis-
appearance of the immunostaining in all tissues exam-
ined.

In our previous studies we did not find any major
differences between the immunolocalization of hKé6
and hK10 in normal human tissues. It is worth men-
tioning that, in the present study, hK13 had, in gen-
eral, a similar IHC distribution as the other two kal-
likreins. The protein was revealed in a variety of
tissues, indicating that it is not tissue-specific.

The hK13 protein was immunoexpressed mainly by
glandular epithelia. The gastric mucosa expressed the
kallikrein focally in all cell types (Figure 1A). A char-
acteristic supranuclear, droplet-like, and brush border
localization was observed in the duodenum (Figure
1B) and the other parts of the small intestine (Figure
1C). All parts of the large intestine (Figure 1D) and
the appendix (Figure 1E) showed strong and diffuse
immunoexpression in both the enterocytes and the
goblet cells. The major and minor salivary glands (Fig-
ure 1F), as well as the submucosal glands of the phar-
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ynx and the esophagus, expressed the antigen. The ep-
ithelium of the pancreatic (Figure 1G) and bile duct
system (Figure 1H), and also of the gallbladder (Figure
11I), was positive. Strong cytoplasmic staining was ob-
served in the epithelium of the bronchial tree (Figure
1]). All glands of the upper and lower respiratory sys-
tem (nasal, sinusoidal, laryngeal, tracheal, and bron-
chial) were strongly positive (Figure 1K). The epithe-
lium of the eccrine and apocrine glands of the skin
was also strongly positive (Figure 1L). The glandular
epithelia in the genitourinary tract and in the male and
female reproductive systems expressed hK13. The uri-
nary tubuli of the kidney expressed the protein dif-
fusely (Figure 2A). Immunoexpression in the epithe-
lium of the prostate (Figure 2B), the ejaculatory ducts,
the seminal vesicles, the rete testis, the epididymis
(Figure 2C), and the spermatic duct (Figure 2D) was
diffuse and strong. The staining in the surface epithe-
lium of the ovary, epithelium of the fallopian tubes,
breast (Figures 2E and 2F), and endometrium (Figure
2G) was strong, but in some cases focal. No differ-
ences were observed during the course of the men-
strual cycle. The columnar epithelium of the endocer-
vix showed weaker and more focal distribution, and
foci of immature squamous metaplasia also expressed
the antigen (Figure 2H).

Weak and diffuse immunoexpression of hK13 by
the squamous epithelia in the different organs of the
human body was not considered as positive. Other
than glandular epithelia, epithelia that expressed
hK13 were the urothelium, with immunolocalization
mainly in the superficial cells (Figure 2I), the sper-
matic epithelium (Figure 2J), and the epithelium of the
choroid plexus (Figure 2K).

The hK13 protein was intensely immunoexpressed
by some endocrine organs and showed a similar distri-
bution to that of the other two kallikreins. The lac-
totrophs and the corticotrophs of the anterior lobe of
the pituitary (Figure 2L), the epithelium of the thyroid
follicles, mainly in foci of hyperplasia oxyphilic meta-
plasia (Figure 3A), the cells, mainly oxyphilic, in the
parathyroid glands (Figure 3B), the adrenal medulla,
the Leydig cells of the testis (Figure 3C), and the cells
of the endocrine pancreas islets of Langerhans and
scattered endocrine cells in the exocrine pancreas (Fig-
ure 3D) also expressed hK13.

A clear immunoreaction was also observed in the
primordial follicles, the corpus luteum, and in sparse
luteinized cells in the stroma of the ovary (Figure 3E).
The trophoblastic cells of the placenta expressed this
kallikrein in all phases of their development (Figure
3F). The decidual cells in the endometrium during
pregnancy and in certain endocrine disorders were
also positive (Figure 3G).

The Hassall’s corpuscles of the thymus (Figure 3H)
and the chondrocytes (Figure 3I) also expressed the
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Figure 1 (A) Cytoplasmic hK13 immunoex-
pression in pyloric glands of the gastric mu-
cosa, MADb clone 2-17. (B) Cytoplasmic and
brush border hK13 immunoexpression in
absorptive and goblet cells in the villous
and glandular epithelium of the duode-
num, MAb clone 2-17. (C) Supranuclear and
brush border hK13 immunoexpression in
absorptive and goblet cells in the villous
and glandular epithelium of the ileum,
MADb clone 2-17. (D) Cytoplasmic hK13 im-
munoexpression in absorptive and goblet
cells in the epithelium of the colon, MAb
clone 2-17. (E) Cytoplasmic hK13 immu-
noexpression in absorptive and goblet cells
in the epithelium of the appendix, poly-
clonal antibody. (F) Cytoplasmic hK13 im-
munostaining in the duct epithelium of the
parotid gland; positivity in some acinar
cells, polyclonal antibody. (G) Cytoplasmic
hK13 positivity in the epithelium of me-
dium-sized ducts of the pancreas/absence
of immunostaining in the acinar epithe-
lium, MADb clone IICl. (H) Cytoplasmic hK13
expression in the epithelium of a portal bile
duct of the liver; absence of expression in
the hepatocytes, MAb clone 2-17. (1) Supra-
nuclear cytoplasmic hK13 immunoexpres-
sion in the epithelium of the gallbladder,
MADb clone 2-17. (J) Cytoplasmic hK13 im-
munoexpression in the epithelium of the
bronchus, MAb clone IIC1. (K) Intense cyto-
plasmic hK13 staining in serous alveoli and
in excretory ducts of the submucosal bron-
chial glands; weaker staining in mucous al-
veoli, polyclonal antibody. (L) Cytoplasmic
hK13 staining in the duct epithelium of sub-
cutaneous eccrine glands, MAb clone 11C1.
All magnifications x200.
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Figure 2 (A) Supranuclear cytoplasmic
hK13 immunoexpression in the epithelium
of the distal convoluted tubules in the cor-
tical area of the kidney, MAb clone 2-17.
(B) Cytoplasmic hK13 immunostaining in
the secretory cells in the peripheral zone
of the prostate gland, MADb clone 11C1. (C)
Cytoplasmic hK13 immunoexpression in
the epithelium of the epididymis, MAb
clone 11C1. (D) Brush border and cilia hK13
immunostaining in the epithelium of the
ductus deferens, near the junction with
the epididymis, MAb clone 2-17. (E) Cyto-
plasmic hK13 immunoexpression in the co-
lumnar cells of the ductal and lobuloalveo-
lar structures in the breast and positivity in
luminal secretions as well, polyclonal anti-
body. (F) Cytoplasmic hK13 immunostain-
ing in the columnar cells in the breast; no
staining in the myoepithelial cells, MAb
clone 11C1. (G) Cytoplasmic hK13 immu-
noexpression in the surface and glandular
epithelium of the endometrium in the
secretory phase of the menstrual cycle,
polyclonal antibody. (H) Cytoplasmic hK13
immunoexpression in the columnar epithe-
lium of the endocervix (coexistence of im-
mature squamous metaplasia), MAb clone
11C1. (1) hK13 immunoexpression in the
umbrella cells of the urothelium of the uri-
nary bladder, MAb clone 2-17. (J) Weak
hK13 immunostaining in the spermatic epi-
thelium of the testis, MAb clone 2-17. (K)
Strong cytoplasmic hK13 positivity in the
choroid plexus epithelium, MAb clone
2-17. (L) Pituitary gland, hK13-positive en-
docrine cells (corticotrophs) in the adeno-
hypophysis, MAb clone 11C1. Magnifica-
tions x200.
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Figure 3 (A) Cytoplasmic hK13 immunoex-
pression in hyperplastic follicles of the thy-
roid gland, MAb clone 2-17. (B) Cytoplasmic
hK13 immunostaining in cells of the par-
athyroid glands, MADb clone 2-17. (C) Strong
hK13 staining in the Leydig cells and weak
staining in the atrophic spermatic epithe-
lium of the testis, MAb clone 11C1. (D)
Strong and diffuse hK13 immunostaining in
an islet of Langerhans and in scattered cells
among unstained acinar cells in the pan-
creas, MADb clone 11C1. (E) hK13 immunoex-
pression in luteinized cells in the stroma of
the ovary, polyclonal antibody. (F) hK13 im-
munoexpression in the trophoblastic cells
of the placenta, polyclonal antibody. (G) Cy-
toplasmic hK13 immunoexpression in the
secretory epithelium and in decidual cells of
the endometrium, polyclonal antibody. (H)
hK13 immunoexpression in the Hassall's
corpuscles of the thymus, MAb clone 2-17.
() Intense cytoplasmic hK13 immunoexpres-
sion in the chondrocytes of the hyaline car-
tilage, MAb clone 2-17. (J) Immunoexpres-
sion of hK13 in autonomic nerves and
ganglia of the neurovascular bundles in
close proximity to the prostate gland, MAb
clone 11C1. (K) hK13 immunoexpression in
neurons and glial cells of the brain cortex,
MADb clone IIC1. (L) hK13 immunoexpression
in neutrophils (endocervical mucosa), MAb
clone 11C1. Magnifications X200.
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kallikrein. Nerves and ganglia of the peripheral ner-
vous system (Figure 3]) were strongly positive. In the
central nervous system, both neurons and glial cells
were positive (Figure 3K). Among the inflammatory
cells, neutrophils expressed hK13 strongly (Figure 3L).

In short, hK13 was expressed by many glandular
epithelia, by some endocrine organs, and by some spe-
cialized epithelia and cells.

Discussion

The human kallikrein 13 gene (KLK13) was cloned by
using the positional candidate approach (Yousef et al.
2000). By employing reverse transcription-polymerase
chain reaction analysis, it was reported that KLK13 is
expressed in various tissues, including breast, prostate,
salivary glands, testis, lung, heart, thymus, adrenal,
colon, thyroid, and trachea (Diamandis et al. 2000b;
Yousef and Diamandis 2001; Yousef et al. 2000). In
addition, using ELISA-based methodologies for hK13,
we confirmed that this protein is present in tissue ex-
tracts from esophagus, tonsil, salivary glands, pros-
tate, kidney, skin, trachea, ureter, testis, breast, lung,
thyroid, and stomach (our unpublished data). Further-
more, hK13 protein was found at relatively high con-
centrations in biological fluids such as seminal plasma,
amniotic fluid, milk of lactating women, follicular
fluid, and cerebrospinal fluid (our unpublished data).
This combined information is in accord with the IHC
data presented here. It is clear that the hK13 protein is
expressed in many human tissues and cannot be con-
sidered a tissue-specific marker. Among all the kal-
likreins, some have tissue-restricted specificity, includ-
ing hK2 and hK3, which are highly expressed in the
prostate and at much lower levels in other tissues. In
general, our data presented here correlate well with
the expression of human kallikreins 6 and 10, two
kallikreins that have been immunohistochemically lo-
calized by using similar techniques (Petraki et al.
2001,2002).

We report here that hK13 is expressed mainly by
glandular epithelia, further suggesting that this protein
is secreted. The finding of hK13 protein in seminal
plasma, amniotic fluid, milk of lactating women, folli-
cular fluid, and cerebrospinal fluid further supports
this hypothesis. Among other kallikreins that have
been identified, all are found in biological fluids, an
indication that all members of this family are secreted
serine proteases.

In the testis, we have demonstrated that Leydig
cells and the spermatic epithelium express hK13 pro-
tein. In our previous work we described the identifica-
tion of five new mRNA KLK13 splice variants, which
are expressed only in human testis (Chang et al.
2001). We have also reported differential expression
of the KLK13 gene in testicular cancer. Furthermore,
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the five splice variants appear to be downregulated or
not expressed at all in testicular cancer. The physio-
logical and pathobiological roles of hK13 protein in
the testis warrant further investigation.

The hK13 protein is expressed at high levels in the
pituitary, especially in lactotrophs and corticotrophs,
and in epithelium-lined spaces of the intermediate lobe
remnant, which are prolactin-immunoreactive. The
same distribution was observed with hK6 and hK10
expression in our previous studies (Petraki et al.
2001,2002). It is worth mentioning that another kal-
likrein, KLK1, has been found in the lactotrophs of
the rat and in the human anterior pituitary (Jones et
al. 1990; Vio et al. 1990). Furthermore, we found
hK13 along with hKé and hK10 in the islet cells of the
human pancreas. Moreover, these kallikreins were ex-
pressed in the epithelium of the pancreatic ducts but
not in the acinar cells of the exocrine pancreas. Pan-
creatic kallikrein (KLK1) has also been found in pan-
creatic cells, including the B-cells of the pancreatic is-
lets (Ole-MoiYoi et al. 1979; Pinkus et al. 1983). We
have previously speculated that the presence of these
proteolytic enzymes in the pituitary and the islet cells
of pancreas may be related to their ability to degrade
hormone precursors, an activity that has been attrib-
uted to many other proteolytic enzymes (Mason et al.
1983; Coughlin 1999). The expression of human kal-
likrein 13 in the salivary glands is expected, because
all other identified kallikreins are also expressed in
this tissue (Diamandis et al. 2000b; Yousef and Dia-
mandis 2001).

The expression of a few kallikreins in the CNS has
been previously reported (Diamandis et al. 2000b;
Yousef and Diamandis 2001). Yamanaka et al. (1999)
found KLK6 mRNA in mature oligodendrocytes and
suggested that this protease may be important in the
processes that occur after maturation of oligodendro-
cytes, such as myelination or turnover of the proteins
in myelin. Furthermore, Little et al. (1997) detected
positive hK6 immunostaining in monkey cortex cells
lining the perimeter of cortical microvessels, in brains
of human patients with Alzheimer’s disease, and in
microglial cells, indicating a role of this protease in
brain disease. Furthermore, new knowledge about hu-
man kallikrein 6 suggests a role in neurodegenerative
diseases (Diamandis et al. 2000c; Ogawa et al. 2000;
Okui et al. 2001; Bernett et al. 2002; Blaber et al.
2002; Gomis—Ruth et al. 2002). It will be useful to ex-
amine the involvement of hK13 and other kallikreins
in human neurodegeneration.

We have previously reported expression of hK6 and
hK10 in oxyphylic cells in the thyroid and parathyroid
glands. The expression of hK13 in these tissues is sim-
ilar. Previously, the presence of hK2 and hK3 in the
thyroid has been reported (Magklara et al. 2000).

Many kallikreins have found important applica-
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tions as cancer biomarkers, including hK2 and hK3
for prostate cancer (McCormack et al. 1995; Chu
1997; Rittenhouse et al. 1998), hKé6 and hK10 for
ovarian carcinoma (Anisowicz et al. 1996; Diamandis
et al. 2000d; Luo et al. 2001a), and hK11 for ovarian
and prostate carcinoma (Diamandis et al. 2002). The
availability of a sensitive method for measuring hK13
in biological fluids will allow examination of this pro-
tein as a disease biomarker. Moreover, the expression
of multiple kallikreins in normal and cancerous tissues
has prompted us to speculate that multiple members
of this gene family may participate in cascade enzy-
matic reactions, similarly to the coagulation and ap-
optotic cascades. The localization of the three afore-
mentioned kallikreins (hK6, hK10, and hK13) in the
same types of human cells, as well as their hormonal
regulation (Diamandis et al. 2000b; Yousef and Dia-
mandis 2001), further supports this hypothesis.

In summary, we describe for the first time the IHC
localization of hK13 in various human tissues. Further
studies will be necessary to examine the physiological
and pathobiological role of this protein in these tis-
sues.
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