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Antagonists of growth hormone-releasing hormone (GHRH) are
being developed for the treatment of various cancers. In this study,
we investigated the effectiveness of treatment with GHRH antag-
onist JMR-132 alone and in combination with docetaxel chemo-
therapy in nude mice bearing MX-1 human breast cancers. Specific
high-affinity binding sites for GHRH were found on MX-1 tumor
membranes using ligand competition assays with 125I-labeled
GHRH antagonist JV-1-42. JMR-132 displaced radiolabeled JV-1-42
with an IC50 of 0.14 nM, indicating a high affinity of JMR-132 to
GHRH receptors. Treatment of nude mice bearing xenografts of
MX-1 with JMR-132 at 10 �g per day s.c. for 22 days significantly
(P < 0.05) inhibited tumor volume by 62.9% and tumor weight by
47.8%. Docetaxel given twice at a dose of 20 mg/kg i.p. signifi-
cantly reduced tumor volume and weight by 74.1% and 58.6%,
respectively. Combination treatment with JMR-132 (10 �g/day)
and docetaxel (20 mg/kg i.p.) led to growth arrest of most tumors
as shown by an inhibition of tumor volume and weight by 97.7%
and 95.6%, respectively (P < 0.001). Because no vital cancer cells
were detected in some of the excised tumors, a total regression of
the tumors was achieved in some cases. Treatment with JMR-132
also strongly reduced the concentration of EGF receptors in MX-1
tumors. Our results demonstrate that GHRH antagonists might
provide a therapy for breast cancer and could be combined with
docetaxel chemotherapy to enhance the efficacy of treatment.

breast cancer � cancer therapy � chemotherapeutic agents �
growth hormone-releasing hormone receptors

Breast cancer is the most common malignancy among women
in the Western world and ranks second as a cause of

cancer-related deaths. In 2006, �40,000 women in the United
States were expected to die from breast cancer (1). Most patients
succumb to this malignancy not because of their primary cancer,
but because of metastases (2–6). Despite the use of endocrine
therapy, systemic chemotherapy, and novel approaches, such as
the treatment with monoclonal antibody trastuzumab (Hercep-
tin) against the human epidermal growth factor receptor 2
(HER-2), metastatic disease remains generally incurable, with a
median survival time of 2–3 years (2–6). Therefore, it is man-
datory to develop more effective treatment strategies with low
toxicity for the treatment of breast cancer.

In an endeavor to develop a class of antineoplastic agents,
various antagonistic analogs of growth hormone-releasing hor-
mone (GHRH) were synthesized in our laboratory in recent
years (7–9). GHRH antagonists inhibit the growth of various
experimental human cancers, such as pancreatic (10), colorectal
(11), prostatic (12–14), breast (15), and renal cancers (16);
glioblastomas (17), osteosarcomas, and Ewing sarcomas (18, 19);
small cell lung carcinomas and non-small small cell lung carci-
nomas (20–22). GHRH antagonists suppress tumor growth
through indirect and direct pathways. The indirect endocrine

mechanism operates through the suppression of the GH release
from the pituitary, and the resulting inhibition of the hepatic
production of insulin-like growth factor I (IGF-I) (7–9).

In recent in vivo experiments, the growth of various human
cancers was inhibited in the absence of any significant effects on
serum IGF-I when lower doses of GHRH antagonists or more
recently developed analogs with different structural features,
such as antagonists JV-1-36, JV-1-38, and MZ-J-7-118 were used
(7, 8, 20, 23, 24). It was also observed that GHRH antagonists
can inhibit the proliferation of diverse cancer lines by direct
action in vitro under conditions in which the contribution of the
hypothalamic GHRH/pituitary growth hormone/hepatic IGF-I
axis is clearly excluded (7, 10, 14, 23, 25–30). In addition, the
expression of mRNA for GHRH and the presence of biologically
or immunologically active GHRH was demonstrated in several
malignant tumors, including cancers of the breast, endometrium,
and ovary; small cell lung carcinomas; prostate and bone sar-
comas; and lymphomas (7–9). These results suggest that GHRH
can function as an autocrine growth factor (7–9). Furthermore,
splice variants of GHRH receptor were detected in many human
tumors (7–9). Altogether, these findings indicate that the main
mechanism responsible for tumor inhibition could be a direct
effect of the GHRH antagonists on the tumor tissue due to the
blocking of action of tumoral GHRH (7–9).

Taxanes such as paclitaxel and docetaxel (Taxotere) have been
observed to affect several signaling pathways, bringing about cell
cycle arrest and apoptosis. Some of the most common changes
after treatment are Bcl-2 phosphorylation (31) and the activation
of mitotic spindle assembly checkpoint (32). Taxanes are now
emerging as potent therapeutic tools in the treatment of early
and metastatic breast cancer (33–35).

Recently it was demonstrated in early and late stage breast
cancer that paclitaxel and docetaxel can be effectively combined
with trastuzumab, a monoclonal antibody that blocks the mito-
genic pathway through the HER-2 receptor (36–39).

A new approach of effective cancer therapy could be the
combination of chemotherapeutic agents such as the taxanes
with growth factor inhibitors such as GHRH antagonists. The
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current study was performed to assess the antitumor effect of a
combination therapy of docetaxel with the GHRH antagonist
JMR-132 as compared with monotherapies with either agent in
experimental human MX-1 breast cancers.

Results
Effect of GHRH Antagonist JMR-132 on the Growth of MX-1 Human
Breast Cancer. Treatment with GHRH antagonist JMR-132 at the
dose of 10 �g/day was initiated after the tumors reached a
volume of �70 mm3. After 3 weeks of treatment the mice were
killed under deep anesthesia. Tumor volume and weight was
significantly (P � 0.05) inhibited by JMR-132 (Figs. 1 and 2 and
Table 1) by 63% and 48%, respectively, as compared with control
animals. JMR-132 at 10 �g/day significantly (P � 0.05) extended
tumor doubling time as compared with controls (Table 1).

Effect of Docetaxel on the Growth of MX-1 Human Breast Cancer.
When nude mice xenografted with human MX-1 tumors re-
ceived docetaxel alone at a dosage of 20 mg/kg, administered i.p.
at days 1 and 5, tumor volume was inhibited by 29% on day 8.
On day 15, the growth reduction became significant (P � 0.05)
(58.6%) as compared with the control group (Fig. 1). Significant
(P � 0.001) reduction of the tumor volume by 74.1% was
observed after 3 weeks of treatment with docetaxel (Table 1).
Tumor weight was reduced significantly (P � 0.05) by 59% as
compared with the control group. (Fig. 2 and Table 1). The
tumor doubling time was significantly (P � 0.001) extended from
6.0 to 10.3 days.

Effect of GHRH Antagonist JMR-132 in Combination with Docetaxel on
the Growth of MX-1 Human Breast Cancer. One group of mice with
MX-1 tumors was treated with GHRH antagonist JMR-132 at a
dose of 10 �g/day and docetaxel i.p. at 20 mg/kg on days 1 and
5. Combination therapy showed a significant tumor inhibition
(P � 0.001) after 15 days, followed by growth arrest of the tumors
in most of the animals after 3 weeks of treatment (P � 0.001).
A significant (P � 0.001) reduction of the tumor volume by
97.7% was achieved in this group (Fig. 1 and Table 1). Tumor
weight was significantly (P � 0.001) reduced by 95.6% by the
combination therapy (Fig. 2 and Table 1). Thus, the mean tumor
weight in the treatment group was 75.0 � 35.2 mg as compared
with 1,720.9 � 352.4 mg in the control group (P � 0.001). The
combination of Docetaxel and JMR 132 showed a significant
(P � 0.001) inhibition of tumor volume as compared with the
groups of single agents applied (Fig. 1 and Table 1). Combina-
tion therapy led to total regression of some of the tumors because
the histology of some samples showed no evidence of residual
human breast cancer tumor tissue. (data not shown). Because of
the regression of a majority of the tumors, tumor-doubling time
could not be evaluated in the group of docetaxel in combination
with JMR-132.

Toxicity. No signs of drug-induced toxicity were observed in any
of the groups, as reflected by nonsignificant differences in body
weight among the treated groups and the control animals.

Binding Assays for GHRH Receptors in MX-1 Tumors. The presence of
GHRH receptors was assessed by radioligand binding assays in
control tumors. Binding studies demonstrated the presence of a
single class of specific, high-affinity (dissociation constant, Kd �
2.31 � 0.41 nM) binding sites for GHRH antagonist JV-1-42 in
the membrane preparation of MX-1 tumors, with a mean
maximal binding capacity (Bmax) of 213.7 � 14.1 femtomoles per
milligram of membrane protein.

In a competition displacement experiment on s.c. grown MX-1
tumors from the control group, GHRH antagonist JMR-132 was
able to displace the [125I]JV-1-42 radioligand with an IC50 of 0.14
nM. This IC50 value indicates a high affinity binding of JMR-132
to GHRH receptors expressed on MX-1 tumors.

Effects of GH-RH Antagonist JMR-132 and Docetaxel on the Binding
Characteristics of EGF Receptors in MX-1 Tumors. Specific high-
affinity binding sites for EGF were found on the control MX-1
tumors. Daily administration of GHRH antagonist JMR-132 and
treatment with JMR-132 in combination with docetaxel signif-
icantly (P � 0.01) reduced the maximal binding capacity of
receptors for EGF by 68–69% (Table 2). Treatment of MX-1
tumors with docetaxel alone did not cause any reduction in the
concentrations of EGF receptors (Table 2.). No significant
differences in the binding affinity (Kd) of EGF receptors was
observed between the untreated and treated groups (Table 2).

Fig. 1. Effect of treatment with GHRH antagonist JMR-132 given s.c. at a
dose of 10 �g/day, docetaxel given i.p. at a dose of 20 milligrams per kilogram
of body weight on days 1 and 5, or the combination of JMR-132 with docetaxel
on the tumor volume of MX-1 human breast cancer xenografted s.c. into nude
mice. Vertical bars indicate SE. *, P � 0.001 vs. control; **, P � 0.001 vs. control
and the groups receiving single agents.

Fig. 2. Effect of treatment with GHRH antagonist JMR-132 given s.c. at a
dose of 10 �g/day (column 3), docetaxel given i.p. at a concentration of 20
milligrams per kilogram of body weight on days 1 and 5 (column 2), or the
combination of JMR-132 with docetaxel (column 4) on the tumor weight of
MX-1 human breast cancer xenografted s.c. into nude mice. Vertical bars
indicate SE. *, P � 0.001 vs. control; **, P � 0.001 vs. control (column 1) and the
groups receiving single agents.
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Discussion
Novel approaches to the therapy of many cancers could be based on
the use of compounds that block the autocrine/paracrine and
endocrine stimulatory pathways that promote tumor growth (7–9).
GHRH antagonists belonging to this class of antitumor agents were
initially developed for treatment of cancers that depend on endo-
crine hepatic IGF-I stimulated by pituitary growth hormone (18).
However, recent evidence points to a major role of local GHRH in
various cancers and its tumoral receptors in the pathogenesis of
many malignancies. Various findings suggest that most of the
antitumor effects of the GHRH antagonists could be mediated
through a direct action on the cancer cells (7, 24, 28, 29, 40–44).
Thus, a large number of breast cancer specimens were found to
express mRNA for GHRH and immunoreactive GHRH protein
(45). Moreover, 25% of human breast carcinomas overexpress
specific splice variants of the GHRH receptor, which are fully
functional and bind GHRH with high affinity (46). In addition, the
growth of T47D cells, which also possess the splice variant receptor,
was stimulated by GHRH and dose-dependently inhibited by
GHRH antagonist JV-1–38 in vitro (44). These results indicate that
GHRH may be a growth factor in breast cancer. The current study
demonstrates the presence of specific, high-affinity binding sites for
GHRH on MX-1 tumor membranes. GHRH antagonist JMR-132
displayed high binding affinities to tumoral GHRH receptors and
effectively inhibited growth of MX-1 tumors in vivo.

Taxanes such as docetaxel and paclitaxel have been recently
established as first-line therapeutic agents for early and meta-
static breast cancer. It has been demonstrated in various studies
that this class of substances can be effectively combined with the
monoclonal antibody trastuzumab, which blocks the tumoral
HER-2 receptor and thereby interferes with the mitogenic
cascade (47–49). Thus, taxanes are likely candidates for treat-
ment combinations with growth factor inhibitors.

In the present study, we observed a significant inhibition of
tumor growth with JMR-132 of �60%, which is in accord with
our results from a previous investigation performed with GHRH
antagonists MZ-5-156 or JV-1-36 (14). The antitumor effect with
docetaxel was somewhat more pronounced and in the range of
80%. The combination of JMR-132 and docetaxel led to total
growth arrest of the tumors in most animals. Inhibition of tumor

weight by this combination was nearly 100%. Thus, the use of
both compounds together resulted in considerable synergy and
eradicated the tumor in some animals as reflected by the
histology of samples, which showed no evidence of residual
tumor tissue. Combination therapy seemed to be devoid of major
side effects given that no signs of toxicity were observed in
animals subjected to treatment with both compounds. No side
effects after treatment with GHRH antagonists as single agents
have been found so far in animal models (7).

The EGF/HER receptors can be suitable targets for anticancer
drugs. A monoclonal antibody (trastuzumab or Herceptin) that
targets erbB2/HER-2 has been approved for the treatment of breast
cancer. The present study demonstrates that the antitumoral effect
exerted by GHRH antagonist JMR-132 is due in part to interfer-
ence with the mechanism involving the EGF receptor/HER family.
Our work shows that the modern GHRH antagonist JMR-132
caused a very substantial down-regulation of EGF binding sites in
MX-1 tumors. Thus, it could be assumed that some antitumor
activity of GHRH antagonists might be exerted by the inhibition of
the EGF/EGF receptor pathways through a decrease in the Bmax of
EGF receptors. Given that many neoplasms, including breast
cancers, express both EGF and HER-2, the development of agents,
such as our GHRH analogs, that inhibit these receptors is an
attractive therapeutic target.

In conclusion, this study demonstrates that GHRH antago-
nists are effective in the treatment of estrogen-independent
breast cancers and can be combined with taxane chemotherapy.
It is possible that the development of GHRH antagonists might
lead to improved therapy of early and late stage breast cancers.

Materials and Methods
Peptides and Chemicals. The GHRH antagonist JMR-132 [PhAc0,
D-Arg2,Phe(4-Cl)6,Ala8,Har9,Tyr(Me)10,His11,Abu15,His20,
Nle27,D-Arg28,Har29] human GHRH (1-29)-NH2, where Abu is
�-aminobutyric acid, Har is homoarginine, Nle is norleucine,
PhAc is phenylacetyl, and Tyr(Me) is O-methyltyrosine, was
synthesized in our laboratory by solid phase methods (7, 50). Its
structure corresponds to Ala8-MZ-J-7-132 [PhAc-Tyr1, D-Arg2,
Phe(4-Cl)6,Har9,Tyr(Me)10,His11,Abu15,His20,Nle27,D-Arg28,
Har29] human GHRH(1-29)NH2, where Ac is acetyl. Analog
JV-1-42 was described previously (40). Docetaxel was purchased
from ChonTech (Waterford, CT). Matrigel (phenol red-free)
was obtained from BD Biosciences (San Diego, CA). For daily
injection, GHRH antagonist was dissolved in 0.1% DMSO in
10% aqueous propylene glycol solution (vehicle solution).

Cell Lines and Animals. Estrogen-independent, Doxorubicin-
resistant human breast cancer xenograft MX-1, originating from a
surgical explant, was kindly donated by Richard Camalier (National
Cancer Institute Frederick Cancer and Development Center, Fred-
erick, MD). Tumors were maintained in donor animals.

Five- to 6-week-old female athymic nude mice (Ncr nu/nu) were
obtained from the National Cancer Institute (Bethesda, MD). The
animals were housed in sterile cages under laminar flow hoods in

Table 1. Effects of therapy with GHRH antagonists JMR-132 and docetaxel alone and their combinations on the growth of MX-1
human breast cancer xenografted into nude mice

Treatment
Initial tumor
volume, mm3

Final tumor volume,
mm3 (% inhibition)

Tumor weight, mg (%
inhibition)

Tumor doubling
time, days

Body weight on
day 24, g

Control 77.2 � 5.6 1,478.1 � 286.5 1,720.9 � 352.4 6.0 � 0.5 26.3 � 1.3
JMR-132 at 10 �g/day 71.2 � 5.6 547.3 � 88.1 (62.9)* 899.1 � 152.5 (47.8)* 7.9 � 0.6* 24.6 � 1.3
Docetaxel at 20 milligrams per

kilogram of body weight
76.9 � 9.2 382.2 � 57.5 (74.1)** 712.7 � 263.9 (58.6)* 10.3 � 0.9** 24.0 � 1.4

Docetaxel and JMR-132 69.1 � 6.4 33.7 � 14.3 (97.7)** 75.0 � 35.2 (95.6)** NC 21.7 � 1.5

NC, not calculated. *, P � 0.05; **, P � 0.001 vs. control.

Table 2. Binding characteristics of EGF receptors on membranes
of human MX-1 breast cancers

EGF receptors

Treatment Kd, nM
Bmax, femtomoles per milligram

of membrane protein

Control 1.01 � 0.2 285.7 � 19.2
JMR-132 0.94 � 0.2 92.4 � 2.3*
Docetaxel 0.82 � 0.08 278.1 � 36.4
JMR-132 and docetaxel 0.95 � 0.1 89.5 � 1.6*

*, P � 0.01 vs. control.
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a temperature-controlled room with a 12-h light/12-h dark
schedule. They were fed autoclaved chow and water ad libitum.

In Vivo Experiments. Small pieces of MX-1 breast cancer were
transplanted s.c. into donor female nude mice. After 3 weeks,
tumor tissue grown in donor animals was minced and passed
through a wire mesh. A suspension of 150 �l was inoculated s.c.
into experimental female nude mice. The experiment was initi-
ated when MX-1 tumors had reached a volume of �70 mm3.
Mice were divided into four experimental groups of 10 animals
each: group 1, control; group 2, JMR-1–32 s.c. at a dose of 10
�g/day; group 3, docetaxel at a dose of 20 mg/kg i.p. on days 1
and 5; group 4, docetaxel at the dose of 20 mg/kg i.p. on days 1
and 5 and JMR-132 at a dose of 10 �g/day s.c. The weight of the
animals was recorded weekly. Tumor volume (length � width �
height � 0.5236) and body weight also were measured weekly. At
the end of the experiment, mice were killed under anesthesia,
tumors were excised and weighed, and necropsy was performed.
All experiments were conducted in accordance with the insti-
tutional guidelines for the welfare of animals in experiments.
The Institutional Animal Care and Use Committee of the VA
medical Center in New Orleans reviewed the protocol for the
animal experiments and gave full approval.

The trial was ended 3 weeks after the initiation of the

treatment, mice were killed under anesthesia, and necropsy was
preformed. Tumors and organs were removed and weighed.

Receptor Binding Assays. Preparation of the membrane fractions
from MX-1 human breast cancers and receptor-binding studies
were performed as described previously (40). Binding charac-
teristics of receptors for GHRH and EGF were determined by
in vitro ligand competition assays based on the binding of
radiolabeled GHRH antagonist JV-1-42 and EGF to tumor
membrane fractions (40). Receptor binding affinity (IC50) of
GHRH antagonist JMR-132 to membranes of s.c. grown MX-1
tumors from the control group also was measured in displace-
ment experiments based on the competitive inhibition of
[125I]JV-1-42 binding by various concentrations (10�12 to 10�6

M) of JMR-132. IC50 is defined as the dose of JMR-132 causing
50% inhibition of the specific binding of [125I]JV-1-42.

Statistical Analysis. Results are expressed as means � SE. Results
were compared by Student’s t test. P � 0.05 was accepted as a
statistically significant difference.
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