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BACKGROUND. GnRH analogs have antiproliferative and /or apoptotic effects on prostate
cancer cells. Also, neurotrophin receptors TrkA and p75 have been reported in normal prostate
suggesting a role in the gland growth control. In prostate cancer, TrkA receptors seem to
be overexpressed and p75 receptors show a decreased expression. These changes in neuro-
trophin receptors may be related with unbalanced growth in malignant cells. In the present
study we investigate the effects of GnRH analogs (leuprolide and cetrorelix) on the expression of
TrkA and p75 neurotrophin receptors in primary cultures of human prostate cancer cells.
METHODS. Tissue was obtained from radical prostatectomies due to prostate adenocarci-
noma. Cells were isolated after sequential enzyme digestion and cultured in defined media.
Nerve growth factor (NGF) receptors in untreated cultures were estimated by immunofluor-
escence. Cultures were treated with leuprolide (agonist) or cetrorelix (antagonist) and
expression of TrkA and p75 receptors were evaluated by semi quantitative RT-PCR (polymerase
chain reaction) and western blot. Cell proliferation was estimated by MTT method and
apoptosis through COMET assay.

RESULTS. Both leuprolide and cetrorelix induced a significant increase in p75 receptor gene
and protein expression at a concentration that induce apoptosis and decrease proliferation.
TrkA receptors showed no changes in presence of GnRH analogs.

CONCLUSIONS. GnRH analogs, leuprolide, and cetrorelix, change the ratio between neuro-
trophin receptors TrkA and p75 by increasing gene and protein expression of p75 receptor.
Considering that TrkA receptor is related with proliferation and p75 with apoptosis, we suggest
that our findings may explain, in part, the effect of GnRH analogs on prostate cancer growth.
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Prostate cancer is a leading cause of male cancer
deaths worldwide and its incidence significantly in-
creases in elder man. Late diagnosis and lack of efficient
treatments for advanced stages are the major complica-
tions for the patients [1,2]. At the beginning, prostate
carcinoma is androgen sensitive and most treatments
are intended to low testosterone levels [3]. For that
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purpose, GnRH analogs are widely used to block
hypothalamic-pituitary axis and decrease androgen
plasma concentration in-patient with prostate adeno-
carcinoma [4]. In addition, GnRH receptors have been
found in prostatic malignant tissue and carcinoma
derived cell lines [5-7]. Several GnRH agonists such
goserelin, buserelin, leuprolide, and antagonists
(antide, cetrorelix) have been used in different experi-
mental models to study their effects on cell survival.
Most experimental studies have been carried out in
established cell lines derived from prostate carcinoma
[8-18]. GnRH agonists mainly induce arrest in pro-
liferation rate and/or apoptosis, whereas antagonist
effects seem to be less consistent. Some reports show no
effect in proliferation activity in cell lines cultures
treated with antagonist [18]. Other studies have shown
similar effect on proliferation and apoptosis with both
agonist and antagonist of GnRH [16,17]. Recently, we
have found antiproliferative and apoptotic effects
of leuprolide and cetrorelix using a primary culture
system [submitted]. On the other hand, neurotrophins,
as nerve growth factor (NGF), and their receptors have
been found both in normal and malignant prostate
[19,20]. Neurotrophins exert their actions through
activation of high-affinity tyrosine kinase receptors,
Trk (A, B, and C), and a low-affinity receptor p75 (TNF-
family receptor) [21-23]. Both TrkA and p75 NGF
receptors are expressed in epithelial, but not stromal,
cells of normal prostate both in vivo and in vitro [24,25].
Interestingly, in benign and malignant prostate tumors,
p75 expression is significantly reduced and absent in
metastatic cell lines, suggesting a negative correlation
between p75 expression and cancer progression [26,27].
Several studies have reported maintained or increased
expression of TrkA receptor in malignant prostate cells
[20,28]. In addition, TrkB and TrkC receptors have been
found ectopically expressed in malignant prostate
[20,28]. In most tissues, TrkA receptor activation in-
creases proliferation rate while p75 receptor has been
associated with apoptosis [29-31]. TrkA and p75 have
been proposed as an associated receptor system in
which the balance between these two kinds of receptors
may have a role in normal cell survival [21,22].
Conversely, the unbalanced expression of TrkA and
P75 receptors in cancer prostate may explain, atleast in
part, the increased proliferation rate and the low
apoptosis level in tumor cells. In addition, p75-
transfected LNCaP cells, which do not express endo-
genous p75 receptor, underwent apoptosis when
deprived of NGF [32]. It has been suggested that p75
is a negative modulator of epithelial growth by
inducing apoptosis. Then lost of p75 expression seems
to contribute to malignancy by promoting proliferation
and inhibiting the apoptotic pathway [26,27]. In the
present study we investigate whether treatments

with GnRH analogs influence the expression of NGF
receptors in a primary cell culture from human prostate
cancer.

MATERIALS AND METHODS

Reagents

All reagents, unless otherwise indicated, were ob-
tained from Sigma Chemical Co. (St. Louis, MO).

ProstaticTissue

The prostatic samples were obtained from patients
undergoing prostatectomy due to benign hyperplasia
or adenocarcinoma, from our Institutional Hospital.
Prostate fragments were received in sterile culture
medium containing RNAse inhibitors. Later on, tissue
was brought to the laboratory and, if present, soft
hyperplasic tissue was separated from harder malig-
nant nodes. For control purpose, sections of each
sample were processed by routine histological techni-
que for Gleason classification [33]. In this study six
prostate samples with a Gleason score range of 5-
7 were included. This protocol was approved by Bio-
ethics Committee of our Institution.

Cell Isolation and Culture

Prostatic cells were isolated, cultured, and charac-
terized essentially as described previously [34]. Briefly,
small tissue fragments (1 mm®) were digested in col-
lagenase (2.5 mg/ml), hyaluronidase (1 mg/ml), and
deoxyribonuclease (0.01 mg/ml), for 2-3 hrat37°Cina
shaking water bath. The resulting large epithelial cell
aggregates were washed and further digested in
collagenase for another 8—12 hr in the same conditions.
Resulting small aggregates of prostatic cancer cells
were mechanically dispersed, washed, and plated in
cell culture plates (Falcon, Becton Dickinson Co., NJ).
During the first days of culture media were supple-
mented with 5% of fetal bovine serum (FBS) (Gibco,
Invitrogen Co., CA). For immunofluorescence assays,
cultures from benign hyperplasia were obtained as a
reference of non-malignant cells.

GnRH AnalogsTreatments

After first medium change, cells were washed and
fresh medium without FBS and supplemented with
human transferrin 5 mg/L, insulin 2 mg/L, epidermal
growth factor (EGF) 10 pg/L, vitamin A, and E 200 pg/
L, hydrocortisone 10 nM, sodium selenite 2 pg/L,
dihydrotestosterone (DHT) 10 nM and, when indicated
NGF 15 ng/ml, was added. Media were changed every
48 hr and cultures maintained for 1 week. GnRH
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analogs treatments were carried out during day 4 and 6
of culture. At the end of the treatment, cells were
treated for RT-PCR or western blot. In parallel control
cultures, cells were evaluated for proliferation and
apoptosis. According to our previous results, both
leuprolide (Sigma) and cetrorelix (Serono, Novartis
Chile) were used at a concentration of 20 ng/ml.

Immunocytochemistry of NGF Receptors

The epithelial prostatic cells were grown on cover-
slips, rinsed in PBS and fixed in paraformaldehyde 3%
(Merck, Germany)-sucrose 2% in PBS for 30 min at
room temperature. Then, the samples were blocked
with PBS containing glycine 20 mM and bovine serum
albumin 1% (BSA). NGF receptors were determined
immunocytochemically using specific rabbit antibo-
dies against TrkA and p75 proteins (Santa Cruz
Biotechnology, Inc., CA). Then, antirabbit-FIT-C (Santa
Cruz Biotechnology) was used to evidence specific
antibody binding. The cell cultures were evaluated on a
Zeiss Fluorescence Microscope.

Proliferative Activity and Apoptosis

To confirm that GnRH analogs treatments effec-
tively induce changes in proliferative an apoptotic
activity the cell cultures, cell number was evaluated by
a spectrophotometric method based in mitochondrial
dehydrogenases assay with 3-(4, 5-dimethylthiazol-2-
y1)-2,5-diphenyl tetrazolium bromide (MTT) [35], and
apoptosis was estimated by DNA fragmentation using
COMET assay [36].

ReverseTranscription-Polymerase Chain
Reaction of Trk A and p75 Receptors

Total RNA was isolated from prostate cells using
Trizol Reagent (Gibco BRL, Rocksville, MD) according
to the manufacturer’s instructions. Aliquots of RNA
(2 ng) from each culture were used in an RT reaction, to
a final volume of 20 pl. Resulting cDNA was subjected
to polymerase chain reaction (PCR). The specific
primers used to amplify TrkA receptor DNA fragments
were: 5-CCA-TCG-TGA-AGA-GTG-GTC-TC-3/, sense,
and 5-GGT-GAC-ATT-GGC-CAG-GGT-CA-3/, anti-
sense. Primers for p75 receptor were: 5'-AGC-CAC-
CAG-ACC-GTG-TGT-G-3, sense, and 5-TTG-CAG-
CTG-TTC-CAC-CTC-TT-3, antisense. The amplifica-
tion was carried out using a Thermal Cycler (PT-100, M]
Research, Inc.) in a reaction mix that included: 2 ul
cDNA, 2.5 pl PCR Buffer 10X, 0.75 ul MgCl, 25 mM,
0.625 pl dNTPs 10 mM, 0.125 ul Taq polimerase 500 UI
(Biotools), 0.5 pl of each primer and 19 pl of DEPC
water. f-actin was used as an internal standard. Ampli-

fication was performed for 35 cycles for TrkA and p75
receptors and 28 cycles for B-actin. The PCR products
were electrophoretically resolved on 1.2% agarose gel
and stained with ethidium bromide. The bands were
evaluated using an image analyzer UN-SCAN-IT gel
version for Windows 4.1 and Kodak Digital Science 1D
Software (Rochester, NY), and normalized relative to
B-actin product. Data were expressed as the ratios
between mRNAs of the NGF receptors and B-actin.

Western Blot Analysis

Cells were lysed in buffer containing 500 mM Tris-
HCI, pH 7.4, 150 mM NaCl, 2 mM EDTA, 1% Triton X-
100, 1 pg/ml PMSF, and 3 pg/ml aprotinin. Homo-
genates were centrifuged at 13,000 rpm for 15 min at
4°C and protein concentration of the supernatant was
determined by Bradford method [37]. One-fifty micro-
grams of protein was separated by 7.5% SDS-PAGE
and transferred into nitrocellulose membranes (Bio-
Rad, CA). The membranes were blocked in 5% fatless
milk during 1 hr at room temperature, and then incu-
bated with a rabbit polyclonal antibody against human
TrkA or p75 receptors (Santa Cruz Biotechnology, CA)
at 1:100 dilution, or with a mousse monoclonal anti-
body against human protein (MP Biomedicals, CA) at
1:15,000 dilution for 1 hr at room temperature. Later,
membranes were incubated for 45 min at room tem-
perature with secondary antibodies coupled to HRP.
Detection of antibodies complex was carried out by a
chemoluminescence kit (Amersham Biosciences). The
films were evaluated using an image analyzer UN-
SCAN-IT gel version for Windows 4.1 and Kodak
Digital Science 1D Software (Rochester, NY), and
normalized relative to B-actin product. Data were ex-
pressed as the protein ratios between the NGF
receptors and B-actin.

Statistic Analysis

Statistic evaluation of data will be performed using
ANOVA analysis and non-parametric test of Kruskal—
Wallis followed by Dunn’s post-test. Statistic signifi-
cance will be considered for P < 0.05. All experiments
were repeated al least three to four times and results are
expressed as mean + SD.

RESULTS

Effect of GnRH Analogs on Proliferative
and Apoptotic Activity

To confirm the effect of GnRH analogs on prolif-
erative and apoptotic activities, primary cell cultures
from prostate cancer were treated for 48 hr with 20 ng/
ml of leuprolide, or cetrorelix in absence or presence of
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TABLE |. Effect of Leuprolide and Cetrorelix on the
Proliferation of Epithelial Cells From Prostate Cancer
Cultured in Absence or Presence of NGF

TABLE Il. Effect of Leuprolide and Cetrorelix on the
Apoptosis of Epithelial Cells From Prostate Cancer
Cultured in Absence or Presence of NGF

Cells/cm? (x10%)

Percentage of Comet positive cells

+NGF —NGF +NGF —NGF
Control 755.9 £62.0 466.6 +32.1 Control 6.8+0.7 84+1.0
Leuprolide 441.0 43.4% 348.3 4+ 33.3* Leuprolide 38.94+4.2% 20.2 +£2.8*%
Cetrorelix 401.1 +41.2* 307.2 +£30.0* Cetrorelix 447 £5.3* 22.2 +3.0%

Epithelial cells were isolated from human prostate carcinoma
and cultured as described in Materials and Methods, in absence
or presence of 15 ng/mL of NGF. At day 4 of culture cell were
treated with leuprolide or cetrorelix (20 ng/mL) for 48 hrs. At the
end of the experiments, final cell number was estimated by MTT
method. Values are mean & SD of 3 independent experiments.
*P < 0.05 compared with respective controls.

NGF 15 ng/ml. As expected, both agonist and anta-
gonist of GnRH effectively induced a decrease in cell
number and an increase in apoptotic cells (Tables I and
II). Cetrorelix showed a slightly higher effect than
leuprolide. These GnRH effects were more pronounced
in presence of NGF.

Expression of TrkA and p75 Receptors in
Epithelial Primary Cell Cultures From
Prostate Adenocarcinoma

We detected the protein expression of NGF receptors
in our primary culture system using specific antibodies.

Epithelial cells were isolated from human prostate carcinoma
and cultured as described in Materials and Methods, in absence
or presence of 15 ng/mL of NGF. At day 4 of culture cell were
treated with leuprolide or cetrorelix (20 ng/mL) for 48 hrs. At
the end of the experiments, DNA fragmentation was estimated
by COMET assay. Values are mean+SD of 3 independent
experiments.

*P < 0.05 compared with respective controls.

We found a consistently high expression of TrkA
receptor in all cultures of prostate carcinoma compared
with cultures from benign hyperplasia (Fig. 1A,0);
while p75 protein expression was almost undetectable
with the antibody used in this study in cultures from
adenocarcinoma (Fig. 1B).

Effect of Leuprolide and Cetrorelix on Gene
Expression of TrkA and p75 Receptors

To evaluate the influence of GnRH analogs on
expression of NGF receptors, primary cultures of
prostate epithelial cells were treated with 20 ng/ml of

C

Fig. I. Immunocytochemistry of cell cultures.The cells were treated with rabbit antibodies against TrkA and p75 nerve growth factor (NGF)
receptors and then, detected with FITC-conjugated anti-rabbit IgGs. (400x). A: TrkA receptor expression in cultures from prostate cancer.
B: p75 receptor expression in cultures from prostate cancer. C: TrkA receptor expression in cultures from benign hyperplasia as a reference

of non-malignant cells. Representative cultures are showed.
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leuprolide or cetrorelix and then, analyzed by RT-PCR
for TrkA and p75 receptors. Expression of p75 receptor
showed a significant increase in presence of both GnRH
analogs (Fig. 2B), while TrkA receptor showed no
changes at the concentrations used (Fig. 2A).
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Fig. 2. Effectofleuprolideand cetrorelixon mRNA expression of
TrkA and p75 receptors. RT-PCR (polymerase chain reaction) of
NGF receptors from control and analog-treated epithelial culture
cells from prostate carcinoma. Representative gels are shown.
Graphs represent densitometric analysis of f-actin normalized
bands. A: TrkA receptor. B: p75 receptor. Data are expressed as
mean =+ SD of three independent experiments. *P < 0.0l compared
with respective controls.C,Control; Cx, cetrorelix; Lp, leuprolide.

Effect of Leuprolide and Cetrorelix on Protein
Expression of TrkA and p75 Receptors

To study the effect of GnRH analogs on protein
expression of NGF receptors, leuprolide or cetrorelix-
treated primary cultures of prostate epithelial cells
were analyzed by western blot for TrkA and p75 recep-
tors. In accordance with RT-PCR results, protein ex-
pression of p75 receptor showed a significant increase
in presence of both GnRH analogs (Fig. 3B), while TrkA
receptor showed no changes at the concentrations used
(Fig. 3A).

DISCUSSION

GnRH-analog therapy has been extensively used to
low testosterone plasma levels and therefore, control
malignant prostate growth [4]. Also, GnRH receptors
have been reported both in prostate cancer tissue and
carcinoma derived cell lines, suggesting a local action
for GnRH analogs [5-7]. On the other hand, several
GnRH analogs have shown effect on proliferative and
apoptotic activities in cell lines cultures. GnRH agonists
have, mainly, antiproliferative and/or apoptotic ef-
fects. However, contradictory effects have been report-
ed for antagonists [8—18]. Most of our knowledge on
prostate cancer cells in vitro comes from cell lines
experiments and most of these cell lines are derived
from metastatic tumors, which may not represent the in
situ carcinoma. Considering this limitation in estab-
lished cell lines models, we have recently characterized
a primary culture system from human prostate cancer
cells [34]. In this system, we showed that GnRH
agonists and antagonists have both antiproliferative
and apoptotic effects [submitted]. Although many
reports concerning GnRH analogs effects on prostate
cancer cells have been published, little is known about
the mechanisms underlying these effects. In normal
and malignant prostate, paracrine, and autocrine
mechanisms seem to play a key role in growth control
[38,39]. Growth factors, like insulin-like growth factor I
(IGF-1, EGF), fibroblast growth factor (FGF), NGF, and
their receptors appear involved [40,41]. In the normal
prostate, NGF is expressed mainly in the prostate
stromal compartment while its receptors are expressed
in epithelial cells [24,25]. However, neurotrophins are
also expressed in epithelial cells of malignant tissue
[42]. The high affinity TrkA receptor, but not TrkB or C,
is present in normal prostate. Interestingly, TrkB and C
receptors are ectopically expressed only in malignant
prostate while TrkA is significantly overexpressed, or
at least maintained, in carcinoma [20,28,42]. Trk recep-
tors have been identified as members of tyrosine kinase
family and their activation is mainly related with
proliferation and differentiation processes [23,28,29].
Recent reports have suggested that inhibition of Trk
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Fig. 3. Effectofleuprolideand cetrorelixon proteinexpression of
TrkA and p75 receptors. Western blot of NGF receptors from con-
trol and analog-treated epithelial culture cells from prostate carci-
noma. Representative membranes are shown. Graphs represent
densitometric analysis of B-actin normalized bands. A: TrkA recep-
tor.B: p75 receptor.Dataare expressedasmean & SD of threeinde-
pendentexperiments. *P < 0.05compared with respective controls.
C,Control; Cx, cetrorelix; Lp, leuprolide.

receptors may represent an interesting strategy for
prostate cancer therapy [42]. On the other hand, the low
affinity p75 receptor has been found widely expressed
in normal prostate but its expression is reduced in
adenocarcinoma and even absent in metastatic cell
lines [23,26,27]. Although TrkA and p75 are co-expres-
sed in most of NGF-responsive cells, independent

expression of these receptors has also been reported.
The TrkA/p75 ratio appears essential for the physio-
logical response elicited by NGF [21]. Interestingly, p75
receptor has been consistently associated with apopto-
tic induction although specific mechanisms are not
fully understood [30,31,43-46]. However, apoptotic
effect of p75 receptor has been associated with changes
in TrkA/p75 ratio [21,22]. In addition, p75 receptor
expression also inhibits NGF-mediated metastasis in
human prostate cancer cells [47]. Taken together, these
data suggest that changes in the TrkA /p75 ratio occur-
ring in prostate cancer may explain, in part, the en-
hanced proliferative activity and low apoptosis in
malignant tissue. In addition, p75-transfected LNCaP
cells, which do not express endogenous p75 receptor,
underwent apoptosis when deprived of NGF [32]. We
think that our primary culture system resembles more
closely the in situ situation of prostate tumor than
established cell lines. In this culture system, we have
found a high TrkA and a very low p75 receptor
expression at the level of protein both by immuncy-
tochemistry and western blot. At the level of gene
expression we were able to detect both TrkA and p75
transcripts. These data are consistent with other in vitro
and in vivo studies. Indeed, the lost of expression of p75
receptor in prostate cancer is related with mRNA
stability and translation rather than transcription
activity [26]. Also, our data showed that treatment
with leuprolide and cetrorelix, at doses that induce
apoptosis and cell proliferation decrease, significantly
increased gene and protein expression of p75 receptor.
Although, no changes were found in TrkA expression,
the ratio between these two types of receptors may
resemble more closely the normal situation under
GnRH analogs treatments. We suggest that the anti-
proliferative and apoptotic effects reported for GnRH
analogs in prostate cancer cells may be mediated, at
least in part, by changing the expression of NGF
receptors. Although direct interactions between p75
and TrkB or C receptors have not been reported, so far,
we cannot disregard a possible role for these types of
Trk receptors in the apoptotic effect of GnRH analogs.
We have demonstrated that p75 expression is increased
with GnRH analogs treatments. Although this is not
direct evidence that antiproliferative and apoptotic
effects of these analogs are mediated by p75, it must be
considered that p75 has been widely associated with
survival inhibition in several tissues, including prostate
[23,32]. Recently, proliferation arrest and apoptosis
elicited by p75 was found associated with NF-kB/JNK
pathway in prostate cancer derived PC-3 cell line [48]
and gene therapy with this receptor has been proposed
[49]. This point is very interestingly, considering that
PC-3 cells are derived from androgen insensitive
prostate cancer. This means that GnRH analogs may
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have a positive effect in controlling malignant cell
growth regardless of their androgen-suppressive
effect. Considering all these data, our results reinforce
the importance of GnRH-analog therapy for prostate
cancer and allow us strongly suggest that antiproli-
ferative and/or apoptotic effects of these analogs may
be explain, at least in part, by the increased expression
of p75 receptor.

CONCLUSION

We conclude that GnRH analogs, leuprolide, and

cetrorelix, used at a concentration that induces pro-
liferation arrest and apoptosis, caused a significant
increase in p75 NGF receptor. This may be one of the
survival inhibition mechanisms for these analogs.

10.

11.

REFERENCES

. Hernandez ], Thompson IM. Diagnosis and treatment of prostate

cancer. Med Clin North Am 2004;88:267—-279.

. Ryan CJ, Small E]. Advances in prostate cancer. Curr Opin Oncol

2004;16:242—-246.

. Wilding G. The importance of steroid hormones in prostate

cancer. Cancer Surv 1992;14:113-130.

. Schally A, Comaru-Schally A, Gonzalez-Barcena D. Present

status of agonistic and antagonistic analogs of LH-RH in the
treatment of advanced prostate cancer. Biomed Pharmacother
1992;46:465-471.

. Fekete M, Redding T, Comaru-Scahlly A, Pontes ], Connelly R,

Srkalovic G, Schally A. Receptors for luteinizing hormone-
releasing hormone, somatostatin, prolactin, and epidermal
growth factor in rat and human prostate cancers and in benign
prostate hyperplasia. Prostate 1989;14:191-208.

. Lamharzi N, Halmos G, Armatis P, Schally A. Expression of

mRNA for luteinizing hormone-releasing hormone receptors
and epidermal growth factor receptors in human cancer cell
lines. Int J Oncol 1998;12:671-675.

. Halmos G, Arencibia JM, Schally V, Davis R, Bostwick DG.

High incidence of receptors for luteinizing hormone-releasing
hormone (LHRH) and LHRH receptor gene expression in
human prostate cancers. ] Urol 2000;163:623-629.

. Dondi D, Limonta P, Moretti R, Marelli M, Garattini E, Motta

M. Antiproliferative effects of luteinizing hormone-releasing
hormone (LHRH) agonists on human androgen-independent
prostate cancer cell line DU 145: Evidence for an autocrine-
inhibitory LHRH loop. Cancer Res 1994;54:4091-4095.

. Moretti R, Marelli M, Dondi D, Poletti A, Martini L, Motta M,

Limonta P. Luteinizing hormone-releasing hormone agonists
interfere with the stimulatory actions of epidermal growth factor
in human prostatic cancer cell lines, LNCaP and DU 145. ] Clin
Endocrinol Metab 1996;81:3930-3937.

Limonta P, Dondi D, Moretti R, Maggi R, Motta M. Antiproli-
ferative effects of luteinizing hormone-releasing hormone
agonists on the human prostatic cancer cell line LNCaP. J Clin
Endocrinol Metab 1992;75:207-212.

Redding T, Schally A, Radulovic S, Milovanovic S, Szapeshazi
K, Isaacs J. Sustained release formulations of luteinizing
hormone-releasing hormone antagonist SB-75 inhibit prolifera-
tion and enhance apoptotic cell death of human prostate

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

carcinoma (PC-82) in male nude mice. Cancer Res 1992;52:
2538-2544.

Halmos G, Groot K, Schally A. Inhibitory effects of analogs of
luteinizing hormone-releasing hormone on the growth of the
androgen-independent Dunning R-3327-AT-1 rat prostate can-
cer. Int ] Cancer 1994;59:551-555.

Gonzalez-Barcena D, Vadillo-Buenfil M, Gomez-Orta F,
Fuentes-Garcia M, Cardenas-Cornejo A, Graef-Sanchez A,
Comaru-Scjhally A, Schally A. Responses to the antagonistic
analog of LH-RH (SB-75, Cetrorelix) in patients with benign
prostatic hyperplasia and prostatic cancer. Prostate 1994;24:84—
92.

Habenicht UF, Schneider MR, el Etreby MF. Effect of the new
potent LHRH antagonist antide. ] Steroid Biochem Mol Biol
1990;37:937-942.

Franklin J, Hislop J, Flynn A, McArdle CA. Signaling and
anti-proliferative effects mediated by gonadotrophin-releasing
hormone receptors after expression in prostate cancer cells

using recombinant adenovirus. ] Endocrinol 2003;176:275—
284.

Moretti RM, Marelli MM, van Groeninghen JC, Motta M,
Limonta P. Inhibitory activity of luteinizing hormone-releasing
hormone on tumor growth and progression. Endocr Relat
Cancer 2003;10:161-167.

Sica G, lacopino F, Settesoldi D, Zelano G. Effect of leuprorelin
acetate on cell growth and prostate-specific antigen gene expres-
sion in human prostatic cancer cells. Eur Urol 1999;35(Suppl 1):
2-8.

Ravenna L, Salvatori L, Morrone S, Lubrano C, Cardillo MR,
Sciarra F, Frati L, DI Silverio F, Petrangeli E. Effect of Triptorelin,
a gonadotropin-releasing hormone agonist, on the human
prostatic cell lines PC3 and LNCaP. ] Androl 2000;21:549—
557.

Graham CW, Lynch JH, Djakiew D. Distribution of nerve growth
factor-like protein and nerve growth factor receptors in human
benign prostatic hyperplasia and prostatic adenocarcinoma.
J Urol 1992;147:1444-1447.

Guate JL, Fernandez N, Lanzas JM, Escaf S, Vega JA. Expression
of p75LNGFR and Trk neurotrophin receptors in normal
and neoplastic human prostate. BJU International 1999;84:495—
502.

Chao MV, Hempstead BL. p75 and Trk: A two-receptor system.
Trends Neurosci 1995;18:321-326.

Yano H, Chao MV. Neurotrophin receptor structure and inter-
actions. Pharm Acta Helv 2000;74:253-260.
Montano X, Djamgoz MBA. Epidermal growth factor, neuro-

trophins and the metastatic cascade in prostate cancer. FEBS
Letters 2004;571:1-8.

Pflug BR, Onoda M, Lynch JH, Djakiew D. Reduced expression
of the low affinity nerve growth factor receptor in benign and
malignant human prostate tissue and loss of expression in four
human metastatic prostate tumor cell lines. Cancer Res 1992;52:
5403-5406.

Pflug BR, Dionne C, Kaplan DR, Lynch J, Djakiew D. Expression
of a Trk high affinity nerve growth factor receptor in the human
prostate. Endocrinology 1995;136:262—-268.

Krygier S, Djakiew D. Molecular characterization of the loss
of p75(NTR) expression in human prostate tumor cells. Mol
Carcinog 2001;31:46—55.

Perez M, Regan T, Pflug B, Lynch ], Djakiew D. Loss of low-
affinity nerve growth factor receptor during malignant trans-
formation of the human prostate. Prostate 1997;30:274-279.



Sanchez et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Dalal R, Djakiew D. Molecular characterization of neurotrophin
expression and the corresponding tropomyosin receptor kinases
(trks) in epithelial and stromal cells of the human prostate. Mol
Cell Endocrinol 1997;134:15-22.

Geldof AA, Van Haarst EP, Newling DW. Neurotrophic factors
in prostate and prostatic cancer. Prostate Cancer Prostatic Dis
1998;1:236-241.

Pflug B, Djakiew D. Expression of p75NTR in a human prostate
epithelial tumor cell line reduces nerve growth factor-induced
cell growth by activation of programmed cell death. Mol
Carcinog 1998;23:106—-114.

Rabizadeh S, Ye X, Sperandio S, Wang JJ, Ellerby HM, Ellerby
LM, Giza C, Andrusiak RL, Frankowski H, Yaron Y, Moayeri
NN, Rovelli G, Evans CJ, Butcher LL, Nolan GP, Assa-Munt N,
Bredesen DE. Neurotrophin dependence domain: A domain
required for the mediation of apoptosis by the p75 neurotrophin
receptor. ] Mol Neurosci 2000;15:215-229.

Sortino MA, Condorelli F, Vancheri C, Chiarenza A, Bernardini
R, Consoli U, Canonico PL. Mitogenic effect of nerve growth
factor (NGF) in LNCaP prostate adenocarcinoma cells: Role of
the high- and low-affinity NGF receptors. Mol Endocrinol 2000;
14:124-136.

Gleason DF, Mellinger GT. Prediction of prognosis for prostatic
adenocarcinoma by combined histological grading and clinical
staging. ] Urol 1974;111:58—64.

Castellon E, Venegas K, Sdenz L, Contreras H, Huidobro C.
Secretion of prostatic specific antigen, proliferative activity and
androgen response in epithetial-stromal co-cultures from
human prostatic carcinoma. Int ] Androl 2005;28:39-46.

Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB.
Evaluation of a tetrazolium-based semiautomated colorimetric
assay: Assessment of radiosensitivity. Cancer Res 1987;47:943—
946.

Singh NP. Microgels for estimation of DNA strand breaks,
DNA protein crosslinks and apoptosis. Mutat Res 2000;455:111—
127.

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem 1976;72:248-254.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Wong YC, Wang YZ. Growth factors and epithelial-stromal
interactions in prostate cancer development. Int Rev Cytol 2000;
199:65-116.

Cunha GR, Hayward SW, Wang YZ, Ricke WA. Role of the
stromal microenvironment in carcinogenesis of the prostate. Int J
Cancer 2003;107:1-10.

Chung LW, Li W, Gleave ME, Hsieh JT, Wu HC, Sikes RA, Zhau
HE, Bandyk MG, Logothetis CJ, Rubin JS, et al. Human prostate
cancer model: Roles of growth factors and extracellular matrices.
J Cell Biochem Suppl 1992;16:99-105.

Untergasser G, Rumpold H, Hermann M, Dirnhofer S, Jilg G,
Berger P. Proliferative disorders of the aging human prostate:
Involvement of protein hormones and their receptors. Exp
Gerontol 1999;34:275-287.

Weeraratna AT, Arnold JT, George DJ, DeMarzo A, Isaacs JT.
Rational basis for Trk inhibition therapy for prostate cancer.
Prostate 2000;45:140-148.

Tabassum A, Khwaja F, Djakiew D. The p75(NTR) tumor sup-
pressor induces caspase-mediated apoptosis in bladder tumor
cells. Int ] Cancer 2003;105:47-52.

Rabizadeh S, Bredesen DE. Ten years on: Mediation of cell death
by the common neurotrophin receptor p75(NTR). Cytokine
Growth Factor Rev 2003;14:225-239.

Kong H, Kim AH, Orlinick JR, Chao MV. A comparison of the
cytoplasmic domains of the Fas receptor and the p75 neuro-
trophin receptor. Cell Death Differ 1999;6:1133-1142.

Khwaja F, Djakiew D. Inhibition of cell-cycle effectors of pro-
liferation in bladder tumor epithelial cells by the p75NTR tumor
suppressor. Mol Carcinog 2003;36:153—-160.

Krygier S, Djakiew D. Neurotrophin receptor p75 (NTR)
suppresses growth and nerve growth factor-mediated metas-
tasis of human prostate cancer cells. Int ] Cancer 2002;98:1-7.
Allen ], Khwaja F, Byers S, Djakiew D. The p75 (NTR) mediates a
bifurcated signal transduction cascade through the NFkappaB
and JNK pathways to inhibit cell survival. Exp Cell Res 2005;
304:69-80.

Allen J, Khwaja F, Djakiew D. Gene therapy of prostate xenograft
tumors with a p75NTR lipoplex. Anticancer Res 2004;24:2997—
3003.



