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Testosterone (T) is the major exogenous stimulus for the growth of prostatic carcinoma. It is
believed that the proliferative action of T may be mediated by locally expressed growth modulatory
factors. Recent evidence from our laboratory suggests that a LHRH (or a LHRH-like) loop might
be expressed in human prostatic tumor cells. To verify this hypothesis, we have studied whether a
mRNA for LHRH is expressed in the human androgen-responsive prostatic cancer cell line LNCaP,
using the reverse transcription-polymerase chain reaction technique in the presence of a pair of
specific oligonucleotide primers. A ¢cDNA band of the expected size was obtained from LNCaP cells;
this band hybridized with a *P-labeled LHRH oligonucleotide probe and its sequence showed a
complete match with the reported sequence of the human placental LHRH ¢DNA. These obser-
vations indicate that the mRNA coding for LHRH is expressed in LNCaP cells and suggest that a
LHRH (or a LHRH-like) peptide might be produced by these cells. To clarify the possible action of
this peptide, LNCaP cells were grown in a steroid-free medium and treated with a LHRH antagonist.
The treatment resulted in a significant increase of tumor cell growth. These data clearly indicate
that the LHRH system expressed in LNCaP cells plays an inhibitory role on cell proliferation, and
that this system seems to be regulated in a negative way by steroids. An EGF/TGFa autocrine
stimulatory loop (peptides, receptors, intracellular signals) is also functional in these cells. Treat-
ment of LNCaP cells grown in serum-free conditions (i.e. in the absence of exogenous growth factors)
with a monoclonal antibody against the EGF receptor, or with immunoneutralizing antibodies
against EGF or TGFa, resulted in a significant decrease of cell proliferation. T positively regulates
this EGF/TGFa« system by increasing the concentration of EGF binding sites. The present data
indicate that an inhibitory LHRH (or LHRH-like) system is expressed in LNCaP cells and partici-
pates in the local mechanisms regulating tumor cell proliferation together with an EGF/TGFua
stimulatory loop. Both systems appear to be modulated by T.
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INTRODUCTION NGF, etc.) have actually been reported to be produced
by prostatic tumor cells [7-9, 11-14].

The human prostate cancer cell line LNCaP (Lymph
Node Carcinoma of the Prostate) represents a very
useful iz virro model for the study of androgen-
dependent carcinoma, since it maintains the peculiar
characteristics of the original tumor, particularly the
androgen-responsiveness and the expression of andro-
gen receptors [15-17]. Recently, we have shown that

It is now well established that the growth of prostatic
carcinoma is, at least in its early stages, largely depen-
dent on androgens [1-5]. However, the molecular basis
of the proliferative action testosterone (T) exerts at the
level of the tumor is still not fully understood. It has
been proposed that T might stimulate the growth of
prostatic cancer through the modulation of the activity

of locally produced growth regulatory factors [6-10].
Growth modulatory polypeptides, mainly endowed
with stimulatory activity (e.g. EGF, TGFa, bFGF,
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LHRH agonists (Zoladex and Buserelin) exert a direct
and dose-dependent inhibitory action on the prolifer-
ation of LNCaP cells; this effect was found to be
specific, since it was completely counteracted by the
simultaneous treatment of the cells with a potent
LHRH antagonist [18]. Moreover, we have reported
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that binding sites for LHRH analogs are present on
LNCaP cell membranes, particularly when the cells are
cultured in the absence of steroids (RPMI-1640
medium supplemented with 59, charcoal stripped
fetal calf serum, FCS-C) [18]. These data seem to
indicate that, when utilized for the treatment of pro-
static carcinoma, LHRH agonists might inhibit tumor
growth not only by suppressing the activity of the
pituitary—testicular axis, but also by exerting a direct
and specific antiproliferative action at the level of the
tumor.

It is well known that hypothalamic LHRH is rapidly
degraded at the pituitary level [19] and that, conse-
quently, the circulatory levels of the hormone are very
low [20]. Therefore, the observation that LHRH recep-
tors are expressed on LLNCaP cells seems to suggest
that LHRH (or a LHRH-like material) might be
synthesized at the level of the prostate, and that this
locally produced peptide might participate, with its
receptors, in a growth modulatory loop, possibly
endowed with inhibitory activity. The present exper-
iments have been performed to verify: (a) the presence
and the role of a LHRH (or LHRH-like) autocrine
system in the androgen-dependent prostate tumor cell
line LNCaP; (b) the role played by the EGF/TGFu
growth factor system in the control of LNCaP cell
growth; and (c) the possible effects exerted by andro-
gens on the activity of these two peptidergic systems.

LHRH AS AN AUTOCRINE INHIBITORY LOOP
IN LNCaP CELLS: NEGATIVE REGULATION BY
ANDROGENS

The presence of a LHRH (or LHRH-like) autocrine
loop in LNCaP cells has been investigated by studying
whether the mRNA coding for LHRH is expressed in
these cells. For these experiments, we have used the
RT-PCR (reverse transcription-polymerase chain reac-
tion) technique which allows the determination of
specific mRNAs, even when they are present in low
amounts. Total RNA was extracted, according to a
modification of the guanidium thiocyanate/cesium
chloride method [21], from LNCaP cells, from rat
hypothalami (positive control), and from rat pituitaries
(negative control). The RNAs were reverse transcribed
by reverse transcriptase in the presence of an
oligo(dT),, primer. The cDNA fragments were then
amplified by PCR using two pairs of oligonucleotide
primers, one pair for LNCaP cells, and the other pair
for rat hypothalami and pituitaries. The sequence of
the primers has been designed according to the
reported sequence of the human and rat LHRH
cDNAs, respectively [22]. According to the conditions
adopted, a PCR product of 228 base pairs was
expected. After the PCR reaction, the amplified cD-
NAs were electrophoresed on a 1.5% agarose gel
stained with ethidium bromide. A ¢cDNA fragment of
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the predicted size was obtained from LNCaP celis a+
well as from rat hypothalami; no band of this size could
be obtained from rat pituitaries [Fig. 1{a)]. The cDNAs
were then Southern blotted onto a nylon membrane
[23] and hybridized with a *’P-labeled LHRH oligo-
nucleotide (17-mer) probe. Both cDNA bands obrained
from LNCaP cells and from the rat hypothalam:
specifically hybridized with the *P-labeled probe
[Fig. 1(b)]. Moreover, the analysis of the sequence of
the cDNA obtained from LNCaP cells showed a com-
plete match with the human placental LHRH cDNA
sequence [22]. These results unequivocably demon-
strate that a mRNA for LHRH is expressed in human
prostatic tumor cells. In line with these data, Qayum
et al. [24, 25] have reported the presence of a LHRH-
like immunoreactive material in the culture media
of LNCaP cells, particularly when grown in FCS-C
supplemented medium. Taken together with our pre-
vious observations, these data indicate that a LHRH or
LHRH-like system (mRNA, peptide, receptors) is
expressed in LNCaP cells, and suggest that this system
might participate in the local regulation of tumor cell
growth. To verify the role of the locally produced
LHRH, we have studied the effects of treatment with
a LHRH antagonist (“Nal-Arg-LHRH"’, ANT, kindly
provided by Dr W. Vale, The Salk Institute, La Jolla,
CA) on LNCaP cell proliferation. These experiments
have been performed using LLNCaP cells cultured in
FCS-C supplemented medium, since both LHRH re-
ceptors [18, 24] and LHRH-immunoreactivity {24, 25]
have been found in cells grown in these culture con-
ditions. The treatment with ANT results in a signifi-
cant stimulation of prostatic tumor cell proliferation. It
is interesting to note that a similar treatment with ANT
did not modify the proliferation of LNCaP cells grown
in the presence of steroids.

Fig. 1. Amplification of LHRH ¢DNA transcript from rat

hypothalamus (lane 1), rat pituitary (lane 2) and LNCaP cells

(lane 3) by RT-PCR. (a) Ethidium bromide stained agarose

gel of the amplified ¢cDNAs. (b) Autoradiography of the

Southern blot obtained from the gel shown in (a) after the

hybridization with a *P-labeled oligonucleotide LHRH
probe.



LHRH Expression and Actions in LNCaP Cells

In our opinion, two major considerations can
be drawn from these data. First, the fact that the
antagonist stimulates cell proliferation indicates that
the LHRH (or LHRH-like) loop expressed in LNCaP
cells plays an inhibitory role in the local regulation of
tumor cell proliferation. As mentioned in the Introduc-
tion, several growth stimulatory peptides have been
shown to be produced by prostatic tumor cells
[7-9, 11-14]. The present data also point to the local
expression of an inhibitory system. Second, the data
which show that the treatment with the LHRH antag-
onist is effective in promoting cell growth only in cells
cultured in the absence of steroids suggest that the
production of LHRH, or the activity of the local
LHRH system, may be particularly relevant in these
culture conditions. This observation, when taken to-
gether with the finding that the receptors for LHRH
agonists [18, 24] and the LHRH-like immunoreactivity
[24, 25] are expressed only on LNCaP cell cultured in
the absence of steroids, clearly points to the conclusion
that the prostatic LHRH-like system may be negatively
regulated by steroids, and possibly by testicular andro-
gens. Finally, the fact that LHRH antagonists may
exert, in given experimental conditions, proliferative
effects on LNCaP cells, may suggest a word of caution
in their clinical utilization. The authors do not want to
overemphasize their results, which might only be due
to the utilization of cell cultures grown in particular
conditions; however, the present data suggest that the
relationship between LHRH antagonistic analogs and
normal and pathological cell proliferation should be
given particular attention in the future, especially in
connection with prostatic pathology.

EGF/TGFa AS AN AUTOCRINE STIMULATORY
LOOP IN LNCaP CELLS: POSITIVE
REGULATION BY ANDROGENS

The LHRH system present in LNCaP cells might
inhibit cell proliferation by interfering with the activity
of locally expressed growth stimulatory factors. The
following studies have been performed to verify the
role of the EGT/TGFa growth factor system in the
control of the growth of prostatic tumor cells. The
presence of an EGF dominated loop is suggested by the
observation that LNCaP cells respond to EGF and
TGFa with an increased growth rate [7, 10, 26-28],
produce both EGF and TGFa polypeptides
[7,9, 11, 28] and express the EGF receptor [26-28].
Moreover, we have recently shown that, in LNCaP
cells, the binding of EGF to its receptor is followed by
an activation of intracellular signalling mechanisms, as
indicated by the increased expression of the c-fos
protooncogene.

To verify the functional significance of the
EGF/TGFua loop, LNCaP cells were grown in serum-
free conditions (RPMI-1640 medium containing
6.25 ug/ml of insulin and transferrin, 6.25 ng/ml of
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Fig. 2. Effects of a monoclonal antibody to the EGF receptor

(Ab225, 1 ug/ml) on the proliferation of LNCaP cells cultured

in serum-free conditions, either in the absence or in the

presence of exogenous EGF. Results are expressed as mean

cell number per well+ SE. C, Controls without Ab225.
*P <0.05 vs C.

selenous acid, 1.25 mg/ml of bovine serum albumin),
i.e. in the absence of exogenous growth factors, and
treated either with a monoclonal antibody against the
EGF receptor (Ab225, kindly donated by Dr ]J.
Mendelsohn, Memorial Sloan-Kettering Cancer
Center, New York, NY) or with antibodies able to
immunoneutralize EGF and TGFa. A 4-day treatment
with Ab225 (1 ug/ml) resulted in a significant decrease
of LNCaP cell proliferation; this effect was completely
reversed by the addition to the culture medium of EGF
(0.5 pg/ml) (Fig. 2). Similar observations have recently
been reported for the human androgen-independent
prostate cancer cell lines DU 145 and PC3 [8,12].
A 4-day treatment of LNCaP cells with either the
anti-EGF or -TGFa antibodies, at the dose of 5 ug/ml,
induced a significant inhibition of cell growth; the
treatments resulted respectively, in a 59.4 and 58.89%,
inhibition of cell proliferation. Taken together, these
data clearly confirm that an autocrine EGF/TGFa
growth stimulatory system is functionally expressed in
LNCaP cells.

To clarify whether the proliferative action of testicu-
lar steroids on prostate cancer might be mediated by
the EGF/TGFu stimulatory loop, the effects of T on
the binding parameters of the EGF receptor have been
studied. LNCaP cells were grown in FCS-C sup-
plemented medium and treated for 3 days with T at the
dose of 107 M. This dose of the androgen has pre-
viously been shown to be effective in stimulating
LNCaP cell growth. The treatment with T signifi-
cantly increased the concentration of EGF receptors on
LNCaP cells; the K, values of EGF binding sites were
not modified by the treatment. These observations
are clearly in line with those previously reported by
Schuurmans et al. [26, 28] and by Wilding et al. [7], but
are in contrast with the data obtained by MacDonald
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and Habib [10]. Differences in the experimental con-
ditions adopted (cell culture media, length of the
treatment, androgen used, etc.) may be responsible for
the discrepancy. In conclusion, the present data
suggest that the proliferative action of T on prostatic
carcinoma might be mediated by an increase of the
activity of the EGF/TGFu stimulatory loop, at least in
terms of EGF binding sites.

CONCLUSIONS

The present data show that an inhibitory LHRH (or
LHRH-like) system is functionally expressed in LLN-
CaP cells; this system participates in the local
regulation of tumor cell proliferation together with
growth stimulatory systems, like those represented by
T and by the growth factors of the EGF/TGFa fam-
ily. It appears from the data that testicular steroids
might stimulate prostate tumor growth by inhibiting
the activity of the LLHRH-like inhibitory loop and
by increasing simultaneously the efficacy of the
EGF/TGFa stimulatory loop via the increase of the
EGF receptors.
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