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Malignant melanoma is the deadliest form of skin cancer; the treatment of advanced and recurrent forms remains a
challenge. It has recently been reported that growth hormone-releasing hormone (GHRH) receptor is involved in the
pathogenesis of melanoma. Therefore, we investigated the effects of our new GHRH antagonists on a human
melanoma cancer cell line. Antiproliferative effects of GHRH antagonists, MIA-602, MIA-606 and MIA-690, on the human
melanoma cell line, A-375, were studied in vitro using the MTS assay. The effect of MIA-690 (5 mg/day 28 d) was further
evaluated in vivo in nude mice bearing xenografts of A-375. Subcellular localization of p27 was detected with Western
blot and immunofluorescent staining. MIA-690 inhibited the proliferation of A-375 cells in a dose-dependent manner
(33% at 10 mM, and 19.2% at 5 mM, P < 0 .05 vs. control), and suppressed the growth of xenografted tumors by 70.45%
(P < 0.05). Flow cytometric analysis of cell cycle effects following the administration of MIA-690 revealed a decrease in
the number of cells in G2/M phase (from 19.7% to 12.9%, P < 0.001). Additionally, Western blot and immunofluorescent
studies showed that exposure of A-375 cells to MIA-690 triggered the nuclear accumulation of p27. MIA-690 inhibited
tumor growth in vitro and in vivo, and increased the translocation of p27 into the nucleus thus inhibiting progression of
the cell cycle. Our findings indicate that patients with malignant melanoma could benefit from treatment regimens,
which combine existing chemotherapy agents and novel GHRH-antagonists.

Introduction

Cutaneous melanomas originate from pigment producing
melanocytes or their precursors in the skin and are considered
the deadliest form of skin cancer, causing 50000 deaths annually
worldwide.1 The increasing incidence exacts a disproportionate
toll among the young in the population.2 If the tumor is detected
early, surgical excision provides a cure in almost all patients.
However, the 5-year-survival rate falls to 15% with a median

survival of 1 y for those with advanced, disseminated disease.3

The complexity and aggressiveness of melanoma require multi-
disciplinary management to achieve optimal care. In recent years
the identification of the main genetic aberrations and signaling
pathways involved in melanocyte transformation and disease pro-
gression has resulted in the development of novel, more effective
therapeutic approaches.4

The discovery of certain specific molecular characteristics of
cancer cells has led to the development of a new class of drugs
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known as targeted therapeutics. Targeted therapy can be based on
peptide hormones for which receptors are expressed on cancerous
cells. Growth hormone-releasing hormone (GHRH) is a hypo-
thalamic neuropeptide that stimulates the secretion of growth
hormone (GH) from the anterior pituitary gland upon binding
to its receptor (GHRH-R).5 In turn, GH stimulates the produc-
tion of hepatic insulin-like growth factor I (IGF-I), which is a
potent mitogen for many cancers.6 Additionally, GHRH and
GHRH-R are not confined to the hypothalamic–pituitary axis,
but are also produced by various extrahypothalamic sites.7

GHRH and GHRH-R modulate cell proliferation and apoptosis
in many tissues.8-16 Antagonistic analogs of GHRH, synthesized
in our laboratory, have been shown to inhibit the growth of vari-
ous human cancers,5 in part, by suppressing circulating GH/
IGF-1 levels.17 Direct mechanisms involved in the dominant
antitumor effects of GHRH antagonists appear to be based on
blockage of the autocrine action of GHRH on tumors and on
inhibition of the local production of IGF-I/II.6,18 Our group has
demonstrated the presence of the pituitary type GHRH-receptor
(pGHRH-R) and 4 truncated splice variants (SVs) of the
GHRH-R in human prostate and breast cancer specimens as well
as different cancer cell lines.19-21 SV1 has the greatest structural
similarity to the pGHRH-R, differing only in a short segment of
the extracellular ligand-binding domain. It has recently been
reported that the SV1 receptor is involved in the pathogenesis of
melanomas demonstrating that the progression from a state of
dysplasia into malignancy is accompanied by expression of SV1
receptor.22 We have shown previously that GHRH antagonists
inhibit the growth of diverse human tumors xenografted into
nude mice.23-30 Many of these published studies reported the
effects of early-stage GHRH antagonists that were later consid-
ered unsuitable for clinical development due to limited stability
or low potency. In our initial studies with melanomas, for exam-
ple, early GHRH antagonists MZ-5–156, MZ-7–138 and JMR-
132 were shown to inhibit growth of MRI-H187, MRI-H255
and A375 human melanoma cell lines xenografted into nude
mice. More potent GHRH antagonists of the MIA series subse-
quently have become available.

In an effort to identify new drugs with different mechanisms
of action than those currently available for malignant melanoma,
we have evaluated the in vitro and in vivo effects of 3 highly
potent GHRH antagonists of the latest series, MIA-602, MIA-
606 and MIA-690, with improved design and resistance to bio-
degradation on A375 human malignant melanoma.

Results

Presence of GHRH receptors in A-375 human malignant
melanoma cell line

In the protein fraction obtained from A-375 cells and from
human pituitary, the polyclonal antibody against a common seg-
ment in the pGHRH-R and SV1 detected immunoreactive bands
at 60 kDa and 39.5 kDa (Fig. 1a). The band at 60 kDa corre-
sponds to pGHRH-R,31 and the 39.5 kDa band is consistent

with the receptor protein encoded by SV1.19 Human pituitary
was used as a positive control. Protein levels in A-375 cell lysates
were quantified by densitometry and were normalized to b-actin
levels. The level of SV1 was 4.35-fold higher than that of
pGHRH-R (P < 0.05) (Fig. 1b).

Antiproliferative effects of GHRH antagonists on A-375
cells in vitro

GHRH antagonists MIA-602, MIA-606, and MIA-690 sig-
nificantly inhibited the proliferation of A-375 cells at 10 mM
concentration (33.8%, 34.8% and 33% inhibition, respectively,
P < 0.05, Fig. 2a) in vitro. At 5 mM concentration, only the
antiproliferative effect of MIA-602 and MIA-690 was significant
(13.2% and 19.2% inhibition, P < 0.05). There was no signifi-
cant reduction in proliferation rate when the compounds were
added at 1 mM concentration. Of the 3 analogs tested, the inhib-
itory effect of MIA-690 was greatest and therefore this com-
pound was subjected to further studies.

Inhibition of growth of A-375 xenografts by GHRH
antagonist in vivo

The antitumor effect of the GHRH antagonist, MIA-690, was
investigated in A-375 human malignant melanoma xenografted
into athymic nude mice. Animals received daily subcutaneous
injections of MIA-690 (5 mg/animal) or vehicle (control group)
for 28 d (Fig. 2b). In GHRH antagonist treated animals the rate
of tumor growth was reduced throughout the experiment
although the difference between the groups was only significant
at the last time point. Four weeks after study initiation we found
a 70.45% reduction in mean tumor volume in response to
GHRH antagonist treatment compared to the control group
(P < 0.05).

Figure 1. (A) Expression of pituitary GHRH receptor (pGHRH-R) and its
predominant splice variant (SV1) in A-375 human malignant melanoma
cell line by Western blot. A polyclonal antibody generated against
GHRH-R detected its 2 variants, pGHRH-R at 60 kDa and SV1 at 39.5 kDa.
Human pituitary was used as a positive control and b-actin as a loading
control. (B) Densitometric analysis of SV1 compared to pGHRH-R levels.
The level of SV1 was significantly higher than that of pGHRH-R in A-375
cells. Values were calculated from 3 different experiments, normalized to
b-actin levels and expressed as SV1/GHRH-R ratio. Error bars represent
SEM, *: P < 0.05.
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Effect of MIA-690 on the expression of genes involved in
signal transduction pathway activation or inhibition

We used real-time PCR arrays to measure changes in the
expression of genes that occur in response to the stimulation of
different signal transduction pathways in order to identify the
key elements of GHRH antagonist-induced signaling. For this,
we used RNA from excised tumors of control and MIA-690-
treated animals and reverse transcribed into cDNA which was
then subjected to analysis with the Human Signal Transduction
PathwayFinder RT2 Profiler PCR array. We found important
functional molecules affected by treatment with MIA-690 and
also selected genes potentially related to tumor growth inhibition
(Table 1.). Genes altered significantly after treatment with
GHRH antagonist, were the following: Interleukin 8 (5.98-fold
decrease; P < 0.05), Jun proto-oncogene (3.68-fold decrease; P
< 0.05), and Lymphotoxin a (TNF superfamily, member 1)
(3.08-fold increase; P < 0.05).

Effect of GHRH antagonist on cell cycle progression of
A-375 cells

Analysis of the A-375 cells by flow cytometry revealed that
their treatment with MIA-690 at 5 mM concentration produced

major changes in the distribution of the cells across the different
phases of cell cycle (Fig. 3). In the control group 52.8% §
0.42% of the cells were in G0/G1 phase, 27.5% § 0.73% in S
phase, and 19.69% § 0.4% in G2/M phase. After a 1-
hour-treatment with the GHRH antagonist, the distribution was
the following: 55.13% § 1.3%, 32% § 1.38%, and 12.86% §
1.34% for G0/G1, S and G2/M phases, respectively. The GHRH-
antagonist significantly inhibited the proportion of cells in the
G2/M phase (P < 0.001). In addition, there was a significant
increase in the percentage of apoptotic cells following the incuba-
tion with the GHRH antagonist (8.26% § 1.64% in treated vs.
1.27% § 0.63 in control cells, P < 0.05).

Induction of nuclear translocation of p27 by GHRH
antagonist in A-375 cells

To assess the cellular redistribution of the cell cycle regulator,
p27, in A-375 human malignant melanoma cells following

Figure 2. (A) In vitro antiproliferative effects of GHRH antagonists MIA-602, MIA-606, and MIA-690 on the proliferation of A-375 human malignant mela-
noma cells. Compounds were used at 10 mM, 5 mM and 1 mM concentrations for 72 hours. The results were calculated from 3 independent experiments
and were expressed as % of control. Error bars represent SEM, *: P < 0.05. (B) Effect of MIA-690 on the growth of A375 malignant melanoma tumors xen-
ografted into nude mice. MIA-690 was administered at 5 mg/day dose subcutaneously for 28 d. Control animals received vehicle. Error bars represent
SEM, *: P < 0.05.

Table 1 Relative expression of genes involved in distinct signal transduction
pathways

Gene Fold change after therapy with GHRH antagonist

Interleukin 8 ¡5.98*

Jun proto-oncogene ¡3.68*

Lymphotoxin a 3.08*

In vivomelanoma specimens were evaluated by Human Signal Transduction
PathwayFinder RT2 Profiler PCR Array system. Only genes with statistically
different changes are presented (*: P < 0.05 vs. control).

Figure 3. Effect of GHRH antagonist on cell cycle progression of A-375
human malignant melanoma cells. Cells were incubated with 5 mM MIA-
690 for 1 h. Cell cycle analysis was measured by laser flow cytometry
with a Coulter XL flow cytometer using 488 nm excitation. Numbers indi-
cate the percentage of cells in G0/G1, S and G2/M cell phases as deter-
mined by the ModFit software. Data is representative of 2 independent
experiments with triplicates in each group.
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GHRH treatment we used 2 approaches. Firstly, cells incubated
with 10 mM MIA-690 for 5, 10, 20, 30 and 60 min were lysed
and separated into cytosolic and nuclear fractions. Samples were
processed for Western blot analysis of p27 protein levels
(Fig. 4a). GAPDH was used for loading control. We found an
increase in nuclear p27 levels following stimulation with the
GHRH antagonist that became more pronounced with time
and was paired with a simultaneous decrease in cytosolic p27
levels.

In a different approach, cells were incubated with 10 mM
MIA-690 for 5, 10, 20, 30 and 60 min and were fixed for immu-
nocytochemistry. In control cells, p27 was localized both in the
nucleus and in the cytoplasm. Just 5 min after the addition of
GHRH antagonist to the medium, a great proportion of p27 was
translocated into the nucleus and it was practically undetectable
in the cytoplasm after 60 min.

Discussion

The present study demonstrates that 3 GHRH-antagonists of
the new series developed in our laboratory can powerfully inhibit
the growth of the human malignant melanoma cell line
A375, both in vitro and in vivo. We used proliferation assays
to determine the most effective analog among these newly
synthesized peptides. Our results showed that all 3 com-
pounds tested, MIA-602, MIA-606, and MIA-690, inhibited
the growth of the A375 cell line in vitro. The effects of these
GHRH antagonists were similar and the seemingly most
effective peptide, MIA-690, was used in further studies.
MIA-690 tested at a dose of 5 mg daily inhibited the growth
of A375 xenografts in nude mice. Through the treatment, its
antitumor effect was not accompanied by weight loss or mac-
roscopic changes of the heart, liver, spleen, ovaries, or kid-
neys of the tested animals, suggesting that this new GHRH
antagonist may not possess untoward adverse effects.

Western blot results revealed a high expression of SV1 and a
lower expression of pGHRH-R. This finding can further support
the theories that, on certain cancer cells and tumors, SV1 func-
tions as the main therapeutic target,32 and in melanomas has a
crucial role in the progression of the disease.22

The exposure of A375 cells to MIA-690 altered the subcellular
localization of p27, an event that is, at least in part, responsible
for the observed changes in cell cycle progression. In many can-
cers the level of p27 is reduced in the nucleus, and cytoplasmic
p27 appears to acquire a cell cycle-independent oncogenic func-
tion to promote cancer cell invasion.33 Reduced levels or mislo-
calized p27 is associated with poor clinical outcome in a variety
of human malignancies.34 Chen et al. recently demonstrated that
nuclear p27 expression was remarkably reduced in primary mela-
nomas and further reduced in metastatic melanoma compared
with dysplastic nevi; cytoplasmic p27 expression, on the other
hand, was significantly increased from dysplastic nevi to primary
melanomas and further increased in melanoma metastases, and
that gain of cytoplasmic p27 was associated with a poor 5-year

Figure 4. The effect of GHRH antagonist on the localization of p27 in A-
375 human malignant melanoma cells determined by Western blot (A)
and immunocytochemistry (B). The level of p27 was detected in cyto-
plasmic and nuclear fractions of A-375 cells with Western blot following
incubation with 10 mM MIA-690 for 5, 10, 20, 30 and 60 min (A). Internal
standard for the cytoplasmic fraction was GAPDH. Changes in the intra-
cellular localization of p27 following incubation with 10 mM MIA-690
was also detected by immunocytochemistry. In this experiment GHRH
antagonist was again added for 5, 10, 20, 30 and 60 min. Immunostained
coverslip samples were imaged with a Nikon Eclipse Ti Inverted Micro-
scope fitted with epifluorescence optics and images were recorded using
a Nikon DS-Qi1Mc camera. Nuclei are labeled with DAPI (blue). Bars cor-
respond to 100 mM.
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survival of metastatic melanoma patients.35 In the present study,
both Western blot analysis and immunocytochemistry provided
evidence that GHRH triggers a translocation of p27 from the
cytoplasm into the nucleus thus enabling the restoration of its
local antiproliferative effect.

The mechanism behind this action is still unclear. A serine
threonine protein kinase, the mammalian target of rapamycin
(mTOR) integrates nutrient sensing and mitogenic signals to regu-
late protein synthesis, cell growth, and proliferation.36 Activation
of Akt mediated by mTOR is known to promote p27 phosphory-
lation, which impairs p27 nuclear import 37. It has been recently
discovered that inhibition of tumor growth by GHRH antagonists
involves inactivation of Akt.6,38 Consequently, the GHRH antag-
onist may have induced p27 translocation indirectly by interfering
with the PI3K/Akt/mTOR pathway.

Impaired ability to undergo apoptosis is one of the main rea-
sons for the resistance to therapy seen in most advanced mela-
noma cases. The c-Jun protein, encoded by Jun proto-
oncogene, in combination with c-Fos, forms the AP-1 early
response transcription factor. Members of the AP-1 family have
a significant role in controlling the balance between cell death
and survival.39 Early-phase-melanoma-derived cells have low
basal levels of AP-1, and this activity increases during tumor
progression.40 Treatment with GHRH-antagonist, MIA-690,
significantly decreased the level of Jun proto-oncogene com-
pared to the control samples which may greatly contribute to its
antitumor effect.

Serum concentrations of angiogenic factors, such as IL-8 and
VEGF, have been reported to correlate with tumor burden and
prognosis in metastatic melanoma. Previous studies have demon-
strated that elevated IL-8 levels were associated with metastatic
melanoma, and a decrease in serum levels was a promising sign
of positive response to chemotherapy and immunotherapy.41,42

In the present study, after treatment with MIA-690, the mRNA
level of IL-8 markedly dropped. Our laboratory has earlier shown
that treatment with GHRH-antagonists inhibits growth and vas-
cularization of experimental ovarian cancer via decreasing VEGF
secretion,32 suggesting that one of the cornerstones of the antitu-
mor effect of GHRH-antagonists might be derived from its
angiogenesis inhibiting potential.

Many antitumor therapies aim at enhancing T-cell based
immune reactions, such as IL-2, which has a response rate of
10–20% in advanced and recurrent melanoma.43 Lymphotoxin-
a is another potent mediator of proinflammatory and tumorici-
dal activities, as well as lymphoid genesis, and it has a critical role
in tumor necrosis factor receptor 1 signaling.44,45 A study from
Scharma et al.46 has shown that a recombinant antibody-lym-
photoxin-a fusion protein induced an adaptive immune response
protecting mice from melanoma, and elicited the formation of
lymphoid-like tissue in the tumor microenvironment. The
mRNA level of Lymphotoxin-a in our study was significantly
elevated in the tumors of MIA-690-treated mice compared to the
control group suggesting that an elevated immune response may
also have contributed to the beneficial effects of this GHRH
antagonist.

Our results demonstrate that novel antagonists of GHRH sup-
press the growth of human experimental malignant melanoma
both in vitro and in vivo. This effect may be explained in part by
restoring the nuclear p27 function, which is a promising prognos-
tic marker for advanced and recurrent melanoma. Our work and
previous results elucidate the importance of pGHRH-R and SV1
in the pathogenesis of melanoma. Preclinical studies suggest that
GHRH antagonists lack significant adverse effects, which makes
them, in combination with conventional chemotherapy drugs, a
great potential asset in the treatment of melanoma, which is
considered as one of the most therapeutically challenging
malignancies.

Material and Methods

Peptides and reagents
GHRH antagonists MIA-602, MIA-606, and MIA-690 were

synthesized in our laboratory by the solid phase method and
purified by reversed-phase high-performance liquid chromatogra-
phy as described previously.47 The chemical structures are the
following:

MIA-602 [(PhAc-Ada)0-Tyr1, D-Arg2, Fpa56, Ala8, Har9,
Tyr(Me)10, His11, Orn12, Abu15, His20, Orn21, Nle27,
D-Arg28, Har29]hGH-RH(1–29)NH2;

MIA-606 [(PhAc-Ada)0-Tyr1, D-Arg2, Fpa56, N-MeAla8,
Har9, Tyr(Me)10, His11, Orn12, Abu15, His20, Orn21,
Nle27, D-Arg28, Har29,Agm30]hGH-RH(1–29)NH2;

MIA-690 [(PhAc-Ada)0-Tyr1, D-Arg2, Cpa6, Ala8, Har9,
Fpa510, His11, Orn12, Abu15, His20, Orn21, Nle27,
D-Arg28, Har29]hGH-RH(1–29)NH2.

Non-coded amino acids and acyl groups are abbreviated as
follows: Abu, a-aminobutyric acid; Ac, acetyl; Ada, 12-aminodo-
decanoyl; Agm, agmatine; Amc, 8-aminocaprylyl; Cpa, para-
chlorophenylalanine; Fpa5, pentafluoro-phenylalanine; Har,
homoarginine; hGHRH, human GHRH; Nle, norleucine; Orn,
ornithine; Ph, phenyl; PhAc, phenylacetyl; Tyr(Me), O-methyl-
tyrosine. The peptides were lyophilized; stability and purity were
verified by HPLC before experimental use. For in vitro studies,
the peptides were dissolved in dimethyl sulfoxide (DMSO) to
final concentrations that did not exceed 0.1%. For in vivo studies,
the peptides were dissolved in 0.1% DMSO in sterile aqueous
10% propylene glycol (vehicle).

Cell line
Human malignant melanoma cancer cell line A-375 was

obtained from American Type Culture Collection (ATCC, Man-
assas, VA) and maintained in culture using Dulbecco’s Modified
Eagle Medium (Invitrogen, Grand Island, NY) supplemented
with 10% fetal bovine serum (FBS) and antibiotics (100 U/ml
penicillin, 100 mg/ml streptomycin). The cells were grown at
37�C in a humidified 95% air/5% CO2 atmosphere.
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Cell proliferation assay (MTS assay)
Cells (104 per well) were seeded onto 96-well plates with

100 ml of culture medium containing 10% FBS, cultured
overnight, starved for 24 hours in medium without FBS,
then exposed to GHRH antagonists MIA-602, MIA-606, or
MIA-690 at concentrations of 1–10 mM for 72 h. Cell viabil-
ity was evaluated by using a 3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfonphenyl)-2H-tetrazolium
(MTS) assay (CellTiter 96 Aqueous 1 Solution Cell Prolifera-
tion Assay; Promega, Madison, WI) according to the man-
ufacturer’s instructions. Absorbance was measured at 490 nm
in a Victor 3 Multilabel Counter (Perkin-Elmer, Waltham,
MD). All experiments were done in quadruplicate and were
repeated 3 times. The inhibition of cell proliferation was
expressed as the percentage of vehicle control (0.1% DMSO
in the culture medium).

Animals and experimental protocol
Six-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 a temperature-controlled room with a 12-h light/12-h
dark schedule and were fed autoclaved chow and water ad libi-
tum. Xenografts were initiated by subcutaneous injection of A-
375 human melanoma cancer cells into both flanks of nude
mice. The developed tumors were dissected, minced and approxi-
mately 1 mm3 pieces of tumor tissue were transplanted subcuta-
neously into both flank areas of the animals. When tumors
reached an appropriate size (approximately 50 mm3) mice were
randomly divided into 2 groups (n D 7) and received the follow-
ing daily treatment as s.c. injections: group 1, vehicle solution;
group 2, 5 mg of GHRH antagonist MIA-690. Tumor volume
(length £ width £ height £ 0.5236) was measured weekly for
28 d. Mice were then sacrificed with cervical dislocation under
isoflurane anesthesia (Baxter, Deerfield, IL), tumors were excised
and weighed, and necropsy was performed. Tumor specimens
were snap-frozen and stored at ¡ 70�C. All experiments were
approved by the Veterans Affairs Animal Care and Use Commit-
tee and were performed in accordance with institutional guide-
lines for the use of experimental animals.

Total RNA isolation and RT2 profiler PCRTM arrays
Total RNA was isolated from 30 mg samples of tumor tissue

using NucleoSpin kit (Macherey-Nagel Inc., Bethlehem, PA).
Three samples from each group were analyzed. The yield and
quality of total RNA was determined spectrophotometrically
using 260 nm and 260/280 nm ratio, respectively. Two mg of
RNA with a final volume of 40 ml were reverse transcribed into
cDNA with the QuantiTect� Reverse transcription Kit (Qiagen,
Valencia, CA) using a VeritiTM 96-well thermal cycler (Applied
Biosystems, Foster City, CA). Human Signal Transduction Path-
wayFinder RT2 Profiler PCR array (SABiosciences, Frederick,
MD) was used to examine the mRNA levels of 84 key genes
responsible for signal transduction pathway activation or inhibi-
tion. Fold-changes in gene expression were calculated using the

DDCt method. Normalization was performed using 5 house-
keeping genes on the arrays.

Cell cycle analysis
Cell cycle analysis was measured by laser flow cytometry. A-

375 cells were seeded into 25 ml flasks at a density of 2 £ 105/
ml cells, cultured overnight, starved for 24 hours in medium not
containing FBS, and then exposed to MIA-690 at a concentra-
tion of 5 mM for 1 hour. Cells were washed then with PBS and
covered with 1 ml of hypotonic propidium-iodide/sodium-cit-
rate staining solution containing 0.3 ml/ml of Nonidet-40 deter-
gent. A rubber policeman was used to scrape the monolayer and
stained nuclei were isolated by vigorous pipetting. The nuclear
suspension was transferred into 2 ml tubes for analysis on a
Coulter XL flow cytometer using 488 nm laser excitation. The
forward and side scatter profile gated out debris and dead cells,
and DNA content of 10000 cells was used for generation of
DNA histograms. Cell cycle distribution analysis was performed
by ModFit Program (Verity Software House, Topsham, ME).

Cell fractionation and Western blot analysis
Cells (106 per well) were seeded onto 6-well plates with 2 ml

of culture medium containing 10% FBS, cultured overnight,
starved for 24 hours in medium without FBS, then exposed to
GHRH antagonist MIA-690 at a concentration of 10 mM for 5,
10, 20, 30 and 60 min. Cells were then washed 2 times in PBS
and were scraped in lysis buffer containing 50 mM Tris-HCl pH
7.4, 150 mM NaCl, 10% glycerol, 1 mM sodium-orthovana-
date, 1 mM sodium fluoride, 1% Non-iodet and protease inhibi-
tor cocktail on ice. Lysates were spun at 8000 rpm for 2.5 min.
Half of the supernatant was saved as cytosolic fraction and the
pellet was resuspended with the remaining lysis buffer. Lysates
were centrifuged at 14000 rpm for 15 min at 4�C and the super-
natant was collected as nuclear fraction.

When whole cell lysates were generated, cells were scraped in
lysis buffer. Lysates were spun at 10000 rpm for 10 min at 4�C
and the supernatant was collected. Protein concentrations were
determined by NanoDrop (NanoDrop Technologies Inc.,
Wilmington, DE).

Equal amounts of protein were resuspended in 4X sample
loading buffer (0.25 M Trizma Base, 8% SDS, 40% glycerol,
0.004% bromophenol blue, 4% b-mercaptoethanol; pH 6.8),
boiled for 3 min and separated by 12% SDS-polyacrylamide gel
electrophoresis. Proteins from the gel were then transferred onto
nitrocellulose membrane, which was blocked with 50–50% Tris-
buffered saline (TBS) (20 mM Tris-HCl pH:7.5, 150 mM
NaCl): Odyssey blocking buffer for 1 h at room temperature,
followed by an overnight incubation at 4�C with primary anti-
bodies for b-actin (1:5000; A-5441, Sigma-Aldrich, St. Louis,
MO), GHRH-R (1:3000; ab-28692, AbCam Inc., Cambridge,
MA), and p27 (1:200; sc-528, Santa Cruz Biotechnology Inc.,
Santa Cruz, CA). Signals were developed by incubating the mem-
brane with the appropriate Infrared IRDye�-labeled secondary
antibodies (1:10000; LI-COR) for 1 h at room temperature and
were then visualized with the Odyssey Infrared Imaging System

www.landesbioscience.com 2795Cell Cycle



(LI-COR). Densitometry was performed using ImageJ software
(NIH, Bethesda, MD).

Immunofluorescence staining
Cells (106 per well) were seeded onto 22-mm2 glass coverslips

placed in a 6-well plate with 2 ml of culture medium containing
10% FBS, cultured overnight, starved for 24 hours in medium
without FBS, then exposed to GHRH antagonist MIA-690 at a
concentration of 10 mM for 5, 10, 20, 30 and 60 min. After
treatment, A-375 cells were fixed with 4% paraformaldehyde for
7 min, then permeabilized with methanol at 4�C for 5 min.
Coverslip samples were blocked with 2% goat serum, followed
by a 60-min incubation with primary antibodies for p27 (1:50;
sc-528, Santa Cruz Biotechnology). Signals were developed by
incubating the coverslip samples for 60 min with the appropriate
secondary fluorescent antibodies (1:500; Alexa fluor Goat anti-
Rabbit 488 (A11008) and Alexa fluor Goat anti-mouse 555
(A21422, Molecular Probes, Eugene, OR). Fixed cultures were
co-stained with Vectashield Mounting Media with DAPI (Vector
Laboratories, Inc., Burlingame, CA) to detect nuclei. Immunos-
tained coverslip samples were imaged with a Nikon Eclipse Ti
Inverted Microscope fitted with epifluorescence optics (Nikon,
Melville NY). Microscopic images were recorded digitally using a
Nikon DS-Qi1Mc camera and NIS Elements BR Imaging
Software (Nikon).

Statistical analysis
For statistical evaluation, SigmaStat 3.0 software (Sytat

Software, San Jose, CA) was used. Results are expressed as mean
§ SEM. One-way analysis of variance (ANOVA) followed by
Bonferroni t-test or a 2-tailed Student’s t-test were used where
appropriate, and significance was accepted at P < 0.05.
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