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Summary. The tyrosine kinase receptor e-kit and its 
ligand [kit ligand (KL) or stem cell factor (SCF)] exert a 
broad range of biological activities during organogenesis 
and normal cell development. Recent studies have 
revealed that altered e-kit levels occur in a variety of 
malignancies and cancer cell lines . KL has also been 
shown to stimulate the growth of malignant cells, as well 
as to promote chemotaxis . We had previously reported 
expression of KL in stroma cells of normal human 
prostate . 

The present study was undertaken in order to 
analyze the patterns of expression of e-kit and KL in a 
well characterized set of prostatic tissues, including 
normal prostate (n=4), benign prostatic hyperplasia 
(BPH) (n=53) and adenocarcinoma (n=46) samples . The 
distribution of e-kit and KL proteins was studied by 
immunohistochemical analyses , while transcript levels 
were determined by in situ hybridization with specific 
RNA probes on a subset of the benign and malignant 
tissues referred above . In addition , reverse-transcriptase 
polymerase chain reaction (RT-PCR) was performed to 
determine levels of e-kit and KL expression in cultures 
of epithelial and stroma cells , as well as in the prostate 
cancer cell lines LNCaP, DU145 and PC3. 

e-kit protein in normal prostate was exclusively 
detected in mast cells by immunohistochemistry and in 
situ hybridization. However, e-kit transcripts, but not c­
kit protein , were detected in low levels and with an 
heterogeneous pattern in basal epithelial cells of ducts 
and acini . e-kit in BPH was detected in epithelial cells in 
9 of 5 3 (17 % ) specimens. e-kit pro te in expression in 
malignant epithelial cells was identified in 1 of 46 (2 % ) 
tumors. However, e-kit transcripts were detected in low 
levels by in situ hybridization in most of the tumors 
analyzed. 

KL protein and transcripts in normal prostate were 
detected in high levels in stroma cells . However , 
epithelial cells were unreactive for anti-KL antibody, but 
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showed low levels of KL transcripts mainly in cells of 
the basal layer. Basal epithelial cells in hyperplastic 
glands showed KL expression in 13 of 5 3 (24 % ) 
specimens. KL protein in tumor cells was noted in 18 of 
46 (39%) cases . 

e-kit transcripts were not found in normal prostate 
and in the 3 cancer cell lines analyzed by RT-PCR , 
however , it was present in cultured epithelial cells of 
BPH , and in cultures of stroma cells from both normal 
and BPH. The majority of cultured cell lines of epitheli al 
and stromal origin displayed considerable levels of KL. 
In addition all prost ate cell lines studied showed 
significant levels of KL transcripts . 

In summary, co-expression of e-kit and KL in a 
subset of BPH cases may suggest an autocrine mode of 
signaling . Data from this study reveals that altered 
patterns of e-kit and KL expression are associated with 
BPH and adenocarcinoma of prostate . It appears that KL 
induces mast cells proliferation and maturation and 
enhances their release of protease . This could explain the 
accumulation of mast cells at tumor sites. a phenomenon 
that was not observed in normal prostate or BPH 
samples . 

Key words: e-Kit, Kit ligand , Benign prostatic 
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lntroduction 

e-kit is a 145- 160 kD transmembrane glycoprotein 
receptor of the tyrosine kinase family , which shares 
structural similarities with the receptors for the 
macrophage growth factor and for the platelet derived 
growth factor (Yarden et al. , 1987) . Mutations at the 
murine 'W' (white spotting) locus, homologous to the 
hum an e-kit , affect the development of hematopoietic 
stem cells , melanoblasts and primordial germ cells 
(N ocka et al. , 1989), resulting in anemia , mast cell 
deficiency , depigmentation and sterility . A peptide 
growth factor has been identified as the ligand of e-kit , 
and alternately termed kit -ligand (KL) , stem cell factor 
(SCF) or mast cell growth factor (MGF) (Huang et al. , 
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1990; Williams et al., 1990; Zsebo et al., 1990). KL is 
encoded at the murine 'SI' (steel) locus, and exists both 
as a stable, membrane-bound molecule and as a soluble 
factor, released upon proteolytic cleavage from a cell­
membrane bound form (Anderson et al., 1990; Flanagan 
et al., 1991; Huang et al., 1992). Alterations at the 'SI' 
gene generate similar phenotypical deficiencies as those 
reported for 'W' mutations (Nakayama et al., 1988; 
Copeland et al., 1990; Huang et al., 1990; Zsebo et al., 
1990). 

The present study was undertaken following an 
immunohistochemical expression analysis conducted by 
our group of e-kit and KL in human normal tissues 
(Lammie et al., 1994). As part of that study, we observed 
a very restricted pattern of expression for KL, including 
high levels in prostatic fibromuscular stroma cells. e-kit 
was not detected in glandular epithelial cells or 
fibromuscular stroma cells of the prostate, but found to 
be expressed in tissue mast cells. Altered patterns of c­
kit expression have been reported for germ cell tumors, 
lung cancer, breast cancer, melanomas and neuro­
blastoma (Strohmeyer et al., 1991; Natali et al., 1992; 
Beck et al., 1993; Matsuda et al., 1993). Moreover, KL 
has shown to stimulate growth of various e-kit 
expressing tumor cell lin~s, as well as mediating 
chemotaxis of small-cell lung cancer cells (Berdel et al., 
1992; Sekido et al., 1993). Furthermore, it is well known 
that prostatic adenocarcinoma cells selectively 
metastasizes to bone (Jacobs, 1983), mainly to the axial 
skeleton (Willis, 1973). Considering the important role 
of KL at the sites of hematopoiesis, such as the bone 
marrow in adults, we hypothesized that KL may recreate 
a selective environment favoring prostate tumor ccll 
seeding and growth within bone. We undertook the 
present study with the objective to further characterize 
the pattern of expression of e-kit and KL in normal 
prostate, benign prostatic hyperplasia (BPH) and 
prostatic adenocarcinoma using a panel of monoclonal 
antibodies and immunohistochemistry. Furthermore, in 
order to identify potential low levels of expression of 
these molecules, in situ hybridization and a reverse­
transcriptase polymerase chain reaction (RT-PCR) 
methods were conducted on tissue sections and cell 
cultures of epithelial and stroma elements of normal 
prostate and BPH samples, respectively. These studies 
were also performed in a selected panel of prostate 
cancer cell lines, including LNCaP, DU145 and PC3. 

Materials and methods 

Patient characteristics and tissues 

Samples of normal prostate, benign prostatic 
hyperplasia, and adenocardnoma of the prostate were 
obtained from surgical specimens of 99 cases within 1-2 
hours after surgery. Normal prostatic tissue from an 
additional 4 patients, age 20-24 years, was obtained from 
autopsy. Specimens were placed in OCT compound 
(Miles Laboratories, Elkhart, IN), snap frozen in 

isopentane chilled in liquid nitrogen, and stored al 
-70 ºC. Tissues were also fixed in buffered formalin and 
embedded in paraffin. Routine hematoxylin and eosin 
staining was performed on 5 micron sections from each 
specimen. After histopathological examination cases 
were classified as: normal prostate (n=4), benign 
prostatic hyperplasia (n=53) and prostatic adeno­
carcinoma (n=46). 

Gel/ cultures 

The human prostate cancer cell lines LNCaP, DU145 
and PC3 were obtained from the American Type Culture 
Collection and cultured in RPMI-1640 medium (Gibco, 
Grand Island, NY), supplemented with 10% heat 
inactivated fetal calf serum, 100 U/mi penicillin aqd 100 
mg/ml streptomycin. Cells were seeded at 3xlü:, cells 
and incubated at 37 ºC in 7% C0 2 for 4 days, and then 
subcultured at 1 :5 dilutions by trypsinization with 
0.025% trypsin-lmM EDTA for 3 min at room 
temperature. 

Additional tissues from benign prostatic hyperplasia 
(n=7) and normal prostate (n=5) were obtained 
immediately after transurethral prostatectomy and from 
accident victims (age < 25 ¡ears), respectively. Tissues 
were minced into 1-3 mm- fragments and washed in 
PBS containing heparin (Novo Nordisk NS, Bagsvaerd, 
Denmark) to minimize peripheral blood contamination. 
Tissue fragments were then incubated with 200 U/mi 
type-1 collagenase (Sigma, St. Louis, MO) and 100 
ug/ml DNAse type I (Sigma) in RPMI 1640 plus 10% 
FCS and 6% penicillin/streptomycin solution (Gibco 
BRL, Gaithersburg, MD) and dissociated over night at 
37 ºC using a magnetic stirring bar, resulting in a hetero­
geneous cell suspension. 

The enrichment of prostatic epithelial cells (EC) was 
performed as follows. Larger cell clusters were removed 
from cellular debris by short segmentation, washed in 
PBS and used for short term propagation of EC from 
normal prostate (EC-NP) or benign prostatic hyperplasia 
(EC-BPH). Cell clusters were cultured for 24 hours in 20 
mi of RPMI plus 10% FCS in 175 cm3 culture flasks 
(Falcan, Becton-Dickinson, San lose, CA). Adherent 
cells were harvested and enriched by sequential trypsin­
EDTA (GIBCO) treatment. Only EC with distinctive 
adherance features were used for total RNA 
preparations. Cell suspensions of EC exhibited 
uniformely anti-cytokeratin-18 and anti-cytokeratin-5/15 
immunoreactivities, confirming their epithelial origin. 
These cells were consistently negative for anti-CD45-
antibody (Ab), a pan-Ieucocyte marker. 

The enrichment of prostatic stroma cells (SC) was 
performed using samples derived from the same tissues 
utilized for EC cultures. Briefly, normal prostatic and 
BPH tissue-derived heterogeneous cell suspensions were 
centrifugated and filtered through nylon wool, followed 
by density centrifugation over a 20% Percoll gradient 
(Pharmacia, Uppsalla, Sweden) for 10 min at 1200 rpm. 
Nonviable cells were removed by LymphoprepTM 
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gradient centrifugation over 20 min at 1600 rpm, and the 
remaining viable cells were then used for stroma 
cultures. Polyclonal prostatic SC lines were grown in the 
same medium as described above. Contamination with 
leucocytes and/or EC was excluded by propagation of 
SC over severa! passages before use. Ali SC lines 
exhibited a characteristic morphology and showed no 
immunoreactivity against anti-cytokeratin 5/15 and anti­
CD45 antibodies. In contrast, SC were strongly 
immunoreactive against anti-vimentin and anti-desmin 
antibodies. 

Antíbodíes and ímmunohistochemistry 

SR-1 is a mouse monoclonal antibody (MoAb) of 
the IgG2a subclass which recognizes an epitope located 
in the extracellular domain (ligand-binding region) of 
the human e-kit receptor (Lammie et al., 1994). 7H6 is a 
mouse MoAb which recognizes a specific determinant 
carried by the kit-ligand (KL) (Lammie et al., 1994). 
These two antibodies were kindly supplied by Amgen 
Inc, Thousand Oaks, CA Mouse monoclonal antíbody 
34BE12 (Enzo Laboratories, New York, NY) was raised 
against stratum corneum and is immunoreactive with 
cytokeratins Mr 49,000, 51,000, 57,000 and 66,000 
(Gown and Vogel, 1984). Mouse monoclonal antibody 
HHF35 (Dako Corporation, Carpintería, CA) detects 
muscle actin (also known as "muscle common actin"), 
while mouse MoAb 1A4 (Dako Corporation) reacts with 
the alpha-smooth muscle isoform of actin (Skalli et al., 
1986; Tsukada et al., 1987). 

Primary antibodies were diluted in phosphate 
buffered saline (PBS) containing 2% bovine serum 
albumin (BSA) to a concentration giving maximal 
intensity without non-specific staining. After titration 
assays, the final working dilutions were 1:100 for SR-1, 
1:2,000 for 7H6 and 34BE12, 1:8,000 for HHF35, and 
l :30,000 for 1A4. The secondary antibodies were 
biotinylated horse anti-mouse IgG (Vector Laboratories, 
Burlingame, CA) and were utilized ata 1:500 dilution in 
PBS. 

All reactions, wíth the exeption of fixation, were 
carried out at room temperature, using the avidin-biotin 
ímmunoperoxidase technique (Lammie et al., 1994). 
Consecutive frozen sections were air dried, fixed in 
acetone for 10 ruin at 4 ºC and washed in PBS. 
Endogeneous peroxidase activity was blocked by 
immersion in 0.1 % hydrogen peroxide for 10 min. After 
washing in PBS, sections were subsequently incubated 
for 15 min with solutions 'Avidin D' and 'Biotin' (Vector 
Laboratories) in order to block endogeneous biotin 
activity. Normal horse serum (Organon Tecknika 
Corporation, Westchester, PA) (10% final dilution in 2% 
BSNPBS) was applied as a blocking agent to minimize 
background staining. Primary antibodies were applied 
for 1 hour, biotiny lated secondary antibodies for 30 
minutes and avidin-biotin-peroxidase complexes 
(Vector) (1:25 in PBS) for 30 minutes. Each incubation 
was followed by washing in PBS. Sections were 

developed with 0.05% diamino-benzidine tetrachloride 
(Sigma) and 0.01 hydrogen peroxíde in PBS/0.5% 
Triton, counterstained with hematoxylin, dehydrated, 
and mounted with Permount. 

Controls included the use of Sl/S14 human SCF 
220 cells (91-15-234-1) and Sl/S4 cells (91-15-233-1) 
(both supplied by Amgen Inc), which served as positive 
and negative controls for 7H6 staining (Lammie et al., 
1994). For SR-1 staining, the GEM OCIM-1 cell line 
(Amgen Inc) was used as the positive control (Lammie 
et al., 1994). Normal human tissues, including skin and 
skeletal muscle, known to express cytokeratins and 
actin-isoforms, were used for the other antibodies. 
Negative control reagents included isotype class­
matched, non-specific IgG antibodies (Coulter 
Immunology, Hialeah, FL) and substitution of the 
primary antibody by normal serum. 

Probes and ín situ hybridizatíon 

1 µg of recombinant plasmid pBluescript KS+ 
containing the foil length mouse e-kit receptor and 1 µg 
of plasmid pcDNA 1 containing full length mouse kit­
ligand-1 were linearized by Hind III/EcoRI and 
Xbal/HindIII, respectively, to generate antisense and 
sense digoxigenin-labeled riboprobes (DeLellis, 1994). 
Riboprobes were generated with T3, T7 and SP6 
polymerase for 2 hours at 37 in IX transcription 
buffer (Boehringer Mannheim, Indianapolis, IN), 20U of 
RNase inhibitor, 1 mmol/L each of ATP, GTP, CTP, 6.5 
mmol/L UTP and 3.5 mmol/L digoxigenin-UTP. 
Proteinase K was prepared at a final concentration of 50 
µg!mI in Tris/EDTA buffer. The slides were treated for 
18 minutes at 37 ºC and post-fixed at 4 ºC in a freshly 
prepared solution of 4% paraformaldehyde in PBS for 5 
minutes. They were acetylated in a solution 0.25% acetic 
anhydride/0.lM triethanolamine for 10 minutes. 
Prehybridization for 30 minutes at 42 ºC in 50% 
formamide and 2X SSC. The hybridization buffer 
consisted of 50% deionized formamide (v/v), 10% 
dextran sulphate (50% stock solution), 2X SSC (20X 
stock solution), 1 % SDS (10% stock solution), 0.25 
mg/ml of herring sperm DNA (10 mg/ml). Hybridization 
was performed overnight at 42 ºC applying 10 pmol/L 
digoxigenin-labeled riboprobe in 50 mi of hybridization 
buffer per section under a coverslip. Stringency washes 
in 2X SSC 0.5X SSC and O.OlX SSC at 60 ºC for 20 
minutes, respectively (DeLellis, 1994). The slides were 
incubated with antibody anti-digoxigenin-AP 
(Boehringer Mannheim, Indianapolis, IN) at a dilution of 
1:500 for 1 hour. The visualization was accomplished by 
nitro-b 1 ue-tetrazol i um/5-bromo-4-chloro-3-i ndov 1-
phosphate. The slides were counterstained with methyl 
green and mounted in Permount (DeLellis, 1994). 

RT-PCR assays 

RNA preparation was performed as described 
previously (Chromczynski and Sacchi, 1987). Single-
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Table 1. Expression of KL and e-KIT in benign and malignan! prostatic tissue. 

NORMAL PROSTATE (n-4) BENIGN PROSTATIC HYPERPLASIA (n=53) PROSTATIC CARCINOMA (n=46) 

KL 

e-KIT 

Fibromuscular 

stroma ce/Is 

+1 

_3 

Epithelial ce/Is 

Basal Luminal 

Fibromuscular 

stroma cells 

+ 

Epithelial ce/Is 

Basal Luminal 

+ &-
(13/53) 2 

+ &-
(9/53) 

Fibromuscular Tumor ce/Is 

stroma ce/Is 

+ + &-
(18/46) 

_4 + &-
(1/46) 

1 + : intense and homogeneous immunostaining; + & -: intense and heterogeneous immunostaining; -: undetectable immunoreactivity; 2 : number of 
positive cases/total number of cases studied; 3: mast ce/Is of stroma positive for e-kit; 4: lncreased number of mast ce/Is 

stranded cDNA was obtained by reverse transcription of 
1 µg of total RNA following the guidelines of the 
manufacturer (GeneAmp RNA PCR kit, Perkin 
Elmer/Roche, Branchburg, NJ). Reaction mixtures were 
incubated at 42 ºC for 1 hour and excess of enzyme was 
inactivated at 95 ºC for 5 min. Amounts of cDNA were 
adjusted using 20 cycles with specific primers for beta 2-
microglobulin (5'-ACCCCCACTGAAAAAGATGA-3' 
and 5'-CAACCATGCCTTACTTTATC-3'). The oligo­
nucleotides used as primers were: 5'-ATGAGAGGCGC 
TCGCGGCGC-3' and 5'-AGCTTGGCAGGATCTCTA 
AC-3' for e-kit (Yarden et al., 1987); 5'-GATGGTAG 
TACAATTGTCAGAC-3' and 5'-CTTAATGTTGAAGA 
AACC-3' for KL (Martin et al., 1990). Reaction 
mixtures were first heated to 94 ºC for 5 min, and then 
35 cycles of 94 ºC for 1 min, 42 ºC for 2 min and 72 ºC 
for 1 min were carried out in a DNA thermal cycler 
(Perkin Elmer, Norwalk, CT). The products were 
separated on a 1.5% agarose gel and visualized by 
ethidium bromide staining. Ali RT-PCR assays were 
conducted as three independent runs in order to confirm 
the results obtained. 

Blotting of PCR products with specific probes (see 
below) was then conducted. Briefly, cDNA was 
transferred to positively charged nylon membranes by 
capillary blotting. Prehybridization and hybridization of 
the membranes with ExpressHyb solution was done 
following the instructions of the manufacturer (Clontech, 
Palo Alto, CA), using labeled interna! oligonucleotides 
specific for e-kit (5'-AGAAGCCAC CAACACCGGC 
AA-3') (Yarden et al., 1987) and for KL (5'-GTAGTGG 
CATCTGAAACTAGTG-3') (Brawer et al., 1985). 
Probes were labeled using digoxigenin (DIG) tailing 
with DIG-dUTP (Boehringer Mannheim, Germany). 
DIG nucleic acid detection (DIG Nucleic Acid Detection 
Kit; Boehringer Mannheim, Germany) was applied after 
incubation with anti-DIG antibody conjugated with 
alkaline phosphatase. 

Results 

Table 1 summarizes the results of the immunohisto­
chemical stainings with e-kit and KL antibodies in 
specimens from 103 cases with regard to the immuno­
reactivity observed in either normal, benign hyperplastic 

or malignant prostatic tissues. Figs. 1 and 2 illustrate the 
microanatomical patterns of expression of e-kit and KL 
at the protein leve! by immunohistochemistry and 
mRNA levels by in situ hybridization, respectively. Fig. 
3 illustrates expression of e-kit and kit-ligand transcripts 
by RT-PCR. 

lmmunohistoehemieal and in situ hybridization analyses 
of e-kit and KL in normal prostate 

Cytoplasmic immunoreactivity to e-kit was seen in 
scattered, mononuclear stroma cells with granular 
cytoplasm. In a preliminary study from our laboratory, 
toluidin blue-induced metachromasia was used to 
identify these cells as mast cells (Lammie et al., 1994). 
Epithelial cells of glands and ducts, lymphocytes, 
vascular endothelial cells and nerves were unreactive to 
e-kit antibody. Only low levels of the transcript were 
detected by in situ hybridization in basal epithelial cells 
of prostatic ducts and acini. 

A different pattern of expression was observed for 
KL, which was identified as an intense cytoplasmic 
immunoreactivity in fibromuscular stroma cells (Fig. 
lA), confirming previously reported results (Lammie et 
al., 1994). Smooth muscle cells in the vessel walls of 
small arteries and arteriales stained positive, but those in 
the tunica media of larger arteries were unreactive. 
Glandular and ductal epithelial cells showed no KL 
expression. In situ hybridization for KL showed the 
message in the fribromuscular stroma elements, as well 
as in the basal epithelial cells of ducts and acini. 

lmmunohistoehemieal and in situ hybridization analyses 
of e-kit and KL in benign prostatie hyperplasia 

e-kit immunoreactivity within the stroma of BPH 
specimens was still restricted to mast cells. However, c­
kit expression in epithelial cells of hyperplastic glands 
was observed in 9 of 53 specimens. The staining pattern 
was focal mainly within acini of hyperplastic nodules. 
Very low levels of e-kit transcript were detected in basal 
epithelial cells of glands and ducts (Fig. 2A). 

Similar changes were noted for KL-expression in 
BPH specimens. Immunoreactivity was intense for 
fibromuscular stroma cells, and even more pronounced 
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Fig. 1. Patterns of KL and e-kit expression in benign and malignan! prostatie tissues by immunohistochemieal assays. A. Basal epithelial eells of a duet 
in a normal prostate sample expressing KL. Luminal epithelial eells remain unreaetive to anti-KL antibody . Note !he intense immunostaining of 
fibromuseular stroma eells. B. Basal eell hyperplasia showing KL being expressed by basal and suprabasal epithelial eells. C. Prostatie 
adenoeareinoma showing heterogeneous expression of e-kit in epithelial tumor eells (see arrow heads). Cytoplasmie and membrane staining patterns 
were identified. O. Prostatie adenoeareinoma revealing epitheial tumor eells with eytoplasmatie expression of KL. Note !he strong KL staining of 
fibromuscular stroma eells. E, F, G) Co-expression of KL (E) and eytokeratins (F) in basal epithelial eells of a BPH speeimen. However, these basal 
epithelial eells immunoreaetive with anti-KL antibody laek expression of musele eommon aetin (G). Note the intense staining of fibromuseular stroma 
eells (G). A, x 200; B, x 100; e, x 200; D, x 100; E,F,G, x 200 
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within hyperplastic nodules. In 13 of 53 specimens, KL­
i mm un os ta in i ng of epithelial cells was strikingly 
different from that seen in normal prostate. We noted in 
those specimens that basal cells of both ducts and acini 
heterogeneously displayed an intense cytoplasmic 
staining. Comparing consecutive sections stained with 
both e-kit and KL antibodies revealed that co-expression 
of these molecules in epithelial cells occurred in 5 BPH 
specimens. In acini with morphological features of basal 
cell hyperplasia , KL-expression was no Ionger confined 
to the basal !ayer, and could be seen in suprabasal cells 
(Fig. lB). Moderate mRNA levels were found by in situ 

hybridization in the fibromuscular cells of BPH samples. 
In addition , low KL transcript levels were also identified 
in the basal epithelial cell Iayer of acini (Fig. 2C). 

lmmunohistochemical and in situ hybridization . Analyses 
of e-kit and KL in prostatic adeno-carcinoma 

e-kit immunoreactivity in epithelial tumor cells was 
seen only in one specimen (Fig. lC). In this specific 
case, groups of malignan! cells showed strong 
cytoplasmic and membrane immunoreactivity. e-kit 
immunostaining revealed an increased mast cell content 

Fig. 2. Patterns 
of KL and e-kit 
expression in 
benign and 
malignan! 
prostatic 
tissues by in 
situ 
hybridizalion 
using antisense 
and sense 
probes. A and 
C. Basal 
epithelial cells 
of a gland in a 
benign 
prostatic 
hyperplasia 
sample 
expressing e-kit 
and kit-ligand 
respectively. 
Note the low 
level of 
message . 
E. Consecutive 
section of the 
same tissue 
sample using 
the sense 
probe as a 
negative 
control. B and 
D. Area of 
prostatic 
adenocarci­
noma showing 
the low level of 
e-kit and 
moderate level 
of kit-ligand 
mRNA. 
F. Consecutive 
section of the 
same tissue 
sample using 
the sense 
probe as a 
negative 
control. x 400 
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in peritumoral and endotumoral areas, regardless of local 
inflammatory infiltrates. In contrast to e-kit, tumor cells 
with cyto-plasmic KL expression were a frequent 
finding, and were noted in 18 of 46 specimen (Fig. lD), 
including the carcinoma case identified with c-kit­
immunoreactive tumor cells. Similar to the pattern of 
epithelial KL staining in BPH, immunoreactivity was 
heterogenous but very pronounced within each positive 
specimen. e-kit and KL tra¡¡¡scripts were present, but in 
low levels, on tumor cells in ali samples analyzed, as 
shown in Fig. 2B,D, respectively. 

Phenotypic characterization of KL and e-kit expressing 
ce/Is 

In order to better define the phenotype of KL and c­
kit positive cells, we stained consecutive sections of 
selected BPH and prostatic adenocarcinoma cases with 
antibodies to cytokeratins and actin isoforms . We 
observed co-expression of KL and cytokeratins in basal 
epithelial cells in a subset of benign hyperplastic tissues 
(Fig. lE,F). Luminal cells remained unreactive for 
34f3E12 anti-cytokeratin antibody. We also found that 
cases displaying basal cell hyperplasia had strong 
cytokeratin staining of basal and suprabasal cells. 
Nevertheless, malignant epithelial cells failed to react 
with antibody 34f3E12. Staining with anti-muscle actin 
(MA) and anti-smooth muscle actin (SMA) antibodies 
showed that fibromuscular but not basal cells co­
expressed KL and actin isoforms (Fig. 1 G). It should be 
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noted that smooth muscle cells of small vessels and 
arteriales also co-expressed SMA and KL proteins. 
Nevertheless, we observed that the smooth muscle cells 
of the tunica media of larger arteries, although KL­
negative , still reacted with anti-actin antibodies. 

RT-PCR analyses of e-kit and KL in ce// cultures from 
normal prostate and BPH samples, as we/1 as prostate 
cancer ce// fines 

In order to detect potential low levels of expression 
of e-kit and KL in specific cell types, we extended our 
study to the analysis of mRNA transcripts in cultured 
epithelial and stroma cells. The choice of studying 
cultured cells was based on the premise of avoiding 
contamination of distinctive cell populations present in 
the normal and BPH samples, such as mast cells. We 
observed that levels of e-kit transcripts were detectable 
in cultured epithelial cells of BPH, but not of normal 
prostate or any of the three prostate cancer cell lines 
studied (Fig. 3). However , e-kit transcripts were 
identified in representative cultures of stroma cells from 
both normal and BPH cases (Fig. 3). 

A different pattern of transcript levels was found for 
KL, since the majority of cultured cells, both of 
epithelial and stroma origin, displayed considerable 
levels of KL (Fig. 3). Nevertheless, only one of 5 
samples of epithelial cell cultures from normal prostate 
showed detectable KL transcripts. AII prostate cancer 
cell lines studied revealed significant levels of KL 
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Flg. 3. Levels of KL and c·kit 
transcripts in culturad 
epithelial and stroma celis 
from normal prostate and 
benign prostat ic hyperplasia 
samples , as weli as in 
prostate cancer celi lines. The 
beta·2·microglobulin servad 
as an interna! control to ali 
RT·PCR reactions . Bands 
with similar intensity were 
identified in ali lanes of the 
samples studied. C·kit 
transcripts were not detectad 
in any of the three prostate 
cancer celi lines, nor in the 
epithelial celi cultures from 
normal prostate . However, 
tour of the 7 epithelial cell 
cultures from BPH samples 
expressed c·kit transcripts . 
Severa! stroma cell cultures 
from both normal and BPH 
samples revealed C·kit 
expression . KLJSCF 
transcripts were identifíed in 
the majority of samples 
studied, including all prostate 
canear celi lines. 



372 

e-kit and kit-lígand in prostate cancer 

transcripts (Fig. 3). 
Dlscussion 

The major finding in this study was the presence of 
the tyrosine protein kinase receptor e-kit and its ligand in 
subsets of prostate cells. As mentioned , we previously 
showed that detectable KL expression in normal tissues 
is limited to few organs, including the prostate, and that 
the staining of the prostatic fibromuscular stroma with 
anti-KL antibody was particularly intens e (Lammie et 
al., 1994). We found KL and e-kit being expressed in 
distinct cells within the normal prostate , although in 
cells confined to the stroma compartment. The present 
study demonstrates that benign prostatic hyperplasia and 
prostatic adenocarcinoma are associated with alterations 
of this basic pattern of expression. In addition to stroma 
elements, a considerable number of these cases showed 
detectable levels of KL in epithelial cells within 
hyperplastic glands and malignant tissu es. Detectable c­
kit levels were also seen in malignan! epithelial cells, 
even though that phenotype was only identified in one 
adenocarcinoma specimen by immunohi stochemi st ry, 
and was lacking in the prostate cancer cell lines studied 
by RT-PCR. Thi s observation contrasts the findings in 
prostatic hyperplasia, where e-kit was expressed on 
epithelial cells in 9 of 53 cases by immunohisto­
chemistry, as well as in 4 of 7 epithelial cell cultures 
from BPH samples by RT-PCR . However, in situ 
hybridization revealed that low to moderat e e-kit mRNA 
levels were present in both BPH and tumor samples 
analyzed. 

The pattern of c-kit / KL expression in human 
pro state tissues suggests different pathways of signa! 
tran sduction . KL releas ed from fibromuscular stroma 
cells may interact in a paracrine pathway with 
connective tissue mast cells and a subpopulation of 
epithelial cells in BPH cases. The sparse nature of mast 
cells in normal prostatic tissue and BPH in contrast to 
the considerable amount of KL points to this alternative 
use of the ligand by epithelial and/or fibromuscular cells 
themselves. The lack of s taining for e-kit and the 
undetectable e-kit transcripts in epithelial cells from the 
normal prostate confirms the genuine negative e-kit 
phenotype of these cells, and reveals an importan! 
difference between epithelial cells of the normal gland 
and those from hyperplastic prostate. Moreover , the 
observation that a subset of BPH cases co-expressed KL 
and e-kit in their epithelial cells suggests a shift towards 
an autocrine mode of signaling. Such autocrine loops 
have been proposed to function by allowing cells to 
escape growth control .from their environment 
(Aaronson, 1991). 

The undetectable levels of e-kit in neoplastic 
epithelial cells could be explained by low levels of the 
receptor being expressed. However , RT-PCR data on 
prostate cancer cell lines in this study confirm this 
obscrvation. Alternatively , detectable e-kit in sorne 
primary tumors may be masked by a high degree of 
occupancy by the ligand (Langley et al., 1993) or 

masking of the epitope recognized by the antibody used 
in the study. Another critica! issue is the potential down­
regulation of receptors in transformed cells. For e-kit 
this phenomenon has been reported in breast and small 
cell lung carcinomas , as well as in melanoma cells 
(Natali et al., 1992a ,b ). 

Another frequent finding was the abundance of mast 
cells seen in the peritumoral s troma and in close 
proximity to tumor cells. Although mast cells were 
reported at the edge of human tumors as early as 1879 
(Ehrlich, 1879), much controversy still exists about the 
functional significance of their accumulation at tumor 
sites. Several studies proposed that they had a protective 
role against tumor s, based on the release of cytotoxic 
agents during degranulation (Farram and Nelson , 1980; 
Burtin et al., 1985). In contras!, other studies have 
suggested a supportive role of mast cells in tumor 
growth. The heparin released from mast cell was 
proposed to stimulate the migration of capillary 
endothelial cells in vitro (Azizkhan et al., 1980). In 
addition, heparin has been shown to be mitogenic for 
endothelial cells (Marks et al., 1986). These effects may 
potentiate angiogenesis, an indispensable step in tumor 
growth (Folkam et al. , 1963). Mast cells also release 
proteases that may be involved in tumor invasion and 
connective tissue degradation (Dabbous et al., 1986; 
Gruber and Schwartz , 1988, 1990). Arnong various mast 
cell recruitment factors, KL ranges as one of the most 
potent chemoattractants (Meininger et al., 1992) . lt 
induces mast cell proliferation and maturation , and 
enhances their rele ase of protea ses (Tsai et al., 1991). 
Most importan! , KL-induced expansion of mast cell 
populations has shown to be dose-dependant (Galli et al., 
1993). This observation could explain why mast cells in 
our series were accumulated in the proximity of tumor s, 
but not in BPH or normal prostate tissues . In these 
samples, KL would be confined to the microenvironment 
since a basement membrane isoJates epithelial cells from 
the surrounding stroma compartment. KL was 
consistently expressed by fibromuscular stroma cells, 
but was also detected more frequently on epithelial cells 
of malignant cases than benign hyperpla stic samples. lt 
is then conceivable that even subtle changes in KL tissue 
levels in invasive neoplasms may regulate ma st cell 
recruitment and their function at tumor siles. 

Another critica! aim of our study was to further 
determine the phenotype of cells that express e-kit or KL 
in benign and malignant prostate tissues. Smooth muscle 
cells in bladder and myometrium express KL (Lammie 
et al., 1994), and the staining intensity of sorne basal 
epithelial cells for KL in sorne BPH specimens was 
similar to that seen in prostatic cells of the fibromuscular 
stroma. Epithelial cells lining the basement membrane in 
the prostate have been termed 'myoepithelial' cells due to 
their morphological resemblance to myoepithelial cells 
found in other organs. True 'myoepithelial' cells, such as 
those found in breast ducts and acini, were shown to 
contain intermediate-size filaments belonging to the 
cytokeratin family and contractile proteins , including 
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actin , myo sin and alpha actmm (Francke et al., 1980; 
Lazard et al. , 1993) . In contrast , KL immunor eactive 
basal epithelial cells in BPH were positive for anti­
cytokeratin antibody 3413E12, but not for anti- actin 
isoforms antibodies , indicating that thes e cells are not 
myoepithelial but epithelial in nature. Moreover , 3413E12 
antibody allow s the selective staining of differentiated 
basal epithelial cells and basal cell hyperplasia, whil e it 
is unr eactive with intraductal neoplasia and adeno­
carcinoma (Brawer et al., 1985; Hendrick and Epstein , 
1989) . 

In conclu s ion, altered patterns of e-kit and KL 
expression are frequent and are associated with benign 
hyperpla sia and adenocarcinoma of prostate . Whether 
KL or e-kit selectively favor malignant prostatic cell 
growth or spread to distant sites , namely bone , need s to 
be further characterized . In addition , tumor associated 
change s in the mast cell content are in keeping with 
previously reported studies and stress the need for 
additional information regarding the effects of KL on 
mast cells at tumor sites. 
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