
Antagonists of growth hormone-releasing hormone
receptor induce apoptosis specifically in
retinoblastoma cells
Wai Kit Chua, Ka Sin Lawa, Sun On Chanb, Jason Cheuk Sing Yama, Li Jia Chena, Hao Zhangc,d,e, Herman S. Cheungf,
Norman L. Blockf,g, Andrew V. Schallyg,h,i,j,1, and Chi Pui Panga,1

aDepartment of Ophthalmology & Visual Sciences, The Chinese University of Hong Kong, Hong Kong; bSchool of Biomedical Sciences, The Chinese University
of Hong Kong, Hong Kong; cCancer Research Center, Shantou University Medical College, Shantou 515041, Guangdong, China; dDepartment of Biotherapy,
Affiliated Cancer Hospital of Shantou University Medical College, Shantou 515041, China; eTumor Tissue Bank, Affiliated Cancer Hospital of Shantou
University Medical College, Shantou 515041, China; fDepartment of Biomedical Engineering, University of Miami, Miami, FL 33146; gDepartment of
Pathology, University of Miami Medical School, Miami, FL 33136; hVeterans Affairs Medical Center, Miami, FL 33125; iDepartment of Medicine, Divisions of
Hematology and Oncology and Endocrinology, University of Miami School of Medicine, Miami, FL 33136; and jSylvester Comprehensive Cancer Center,
University of Miami School of Medicine, Miami, FL 33136

Contributed by Andrew V. Schally, November 1, 2016 (sent for review September 4, 2016; reviewed by Susumu Ishida, Wei Li, and Lene Juel Rasmussen)

Retinoblastoma (RB) is the most common intraocular cancer in
children worldwide. Current treatments mainly involve combinations
of chemotherapies, cryotherapies, and laser-based therapies. Severe
or late-stage disease may require enucleation or lead to fatality.
Recently, RB has been shown to arise from cone precursor cells, which
have high MDM2 levels to suppress p53-mediated apoptosis. This
finding leads to the hypothesis that restoring apoptosis mechanisms
in RBs could specifically kill the cancer cells without affecting other
retinal cells. We have previously reported involvement of an
extrapituitary signaling pathway of the growth hormone-releas-
ing hormone (GHRH) in the retina. Here we show that the GHRH
receptor (GHRH-R) is highly expressed in RB cells but not in other
retinal cells. We induced specific apoptosis with two different
GHRH-R antagonists, MIA-602 and MIA-690. Importantly, these
GHRH-R antagonists do not trigger apoptosis in other retinal cells
such as retinal pigmented epithelial cells. We delineated the gene
expression profiles regulated by GHRH-R antagonists and found
that cell proliferation genes and apoptotic genes are down- and
up-regulated, respectively. Our results reveal the involvement of
GHRH-R in survival and proliferation of RB and demonstrate that
GHRH-R antagonists can specifically kill the RB cells.

GHRH pathway | GHRH-R antagonist | retinoblastoma | growth hormone-
releasing hormone | apoptosis

Retinoblastoma (RB) is the most common childhood intraocular
malignancy and accounts for approximately 3% of all childhood

cancers (1). It has been reported to arise from the cone precursor
cells of the retina that transduce light into electrical signals (2). RB
is thought to result largely from the loss of function of both copies
of RB1 gene located on human chromosome 13q14 (3, 4). Func-
tional disruption of RB1 can be generated by the somatic in-
activation of both RB1 alleles, or with a germline RB1 mutation in
one allele and a somatic inactivation of the second RB1 allele (5).
The RB1 protein acts as a signal transducer connecting cell cycle
progression with the transcription machinery (6). There are four
steps in the mitotic cycle of a cell: G1, S, G2, and cell division. In
the G1 phase, cyclin D is highly expressed, which leads to activation
of cyclin-dependent kinases (CDKs) 4 and 6. CDK4 and CDK6
then phosphorylate RB1, inhibiting RB1 binding to the tran-
scription factor E2F (7, 8). As a result, the RB1-free E2F binds
to promotors of several genes and turns on their expressions to
induce cell cycle progression into S phase, the DNA synthesis
phase. Similarly, cells carrying RB1 mutations would also progress
into S phase. Normally, this premature progression into S phase
would trigger apoptosis to prevent uncontrolled cell proliferation
(9). However, it has been reported that the cone precursor cells
express high levels of MDM2, a protein that suppresses apoptosis
mediated by p53 (2). Therefore, cone precursor cells in patients

carrying RB1 mutations pass through the cell cycle faster and
without triggering apoptotic cell death. As a result, cone cells
proliferate uncontrollably, leading to the development of RB.
Based on this understanding of the molecular biology of RB, one
effective treatment would be to identify a drug that can induce
apoptosis despite the high MDM2 levels in cone precursor cells.
Current treatments of RB mainly involve combinations of

chemotherapy, cryotherapy, and laser-based therapy (1). Early
diagnosis is crucial. Severe or late-stage disease may require
enucleation or lead to fatality. Despite treatment advances, delays
in treatment may allow the RB to extend beyond the intraocular
level. Also, treatments based on the concept of inducing apoptosis
in a specific cell type should provide a high degree of effectiveness
in treatment outcome. Consequently, we decided to investigate
alternative treatments. Growth hormone (GH)-releasing hormone
(GHRH) is a hypothalamic hormone, which binds to the GHRH
receptor (GHRH-R) and triggers the synthesis and secretion of
GH from the pituitary (10). Outside the pituitary, the GHRH–GH
pathway also functions in normal and neoplastic peripheral tissues,
and is mediated by, among others, insulin-like growth factor-1
(11). We have previously shown that GHRH-R antagonists play
protective roles in the rat eye, suggesting that GHRH-R antago-
nists are potential therapeutic agents for ocular inflammation (12).
Notably, we also found detectable levels of GHRH, GHRH-R, and
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GH expressions in the retina, indicating a role of GHRH-R an-
tagonists in modulating functions in the retina at normal and
pathological states (12). Notably, GHRH-R antagonists have been
shown to trigger apoptosis and reduce the invasive and metastatic
potential in late stage tumors, including glioblastoma, prostate,
breast, and ovarian cancer (13, 14). We therefore hypothesized that
GHRH-R antagonists can induce cell death specifically in RB cells.

Results
Specific Expression of GHRH-R in Y79 Cells. We used immunocyto-
chemistry to investigate GHRH-R expression and cellular locali-
zation in RB cells of Y79, ARPE-19, or SVG. We found copious
expression of GHRH-R in Y79 (Fig. 1A). The fluorescence signal
indicated that GHRH-R was expressed in the nuclear and cyto-
plasmic regions of the Y79 cells, with a slightly stronger signal in
the cytoplasm. The two noncancerous cell lines, ARPE-19 (from
retinal pigment epithelium) and SVG (an astroglia cell line),
however, exhibited barely detectable levels of GHRH-R expres-
sion, compared with Y79 (Fig. 1 B and C). Western blotting to
quantify GHRH-R levels in these cell lines confirmed quantita-
tively that GHRH-R was selectively expressed in Y79, which
showed a strong band with molecular weight of approximately
45 kDa, consistent with the predicted size of GHRH-R (Fig. 2A).
GHRH-R protein in the lysates of ARPE-19 and SVG was un-
detectable, with absence of the appropriate bands on Western blot.
A minor band, at approximately 70 kDa, was detected in Y79 and
ARPE-19 lysates, indicating the presence of glycosylated GHRH-R
in these two cell lines but not in the SVG cells (Fig. 2A). Quan-
tification by densitometry showed that expression of unglycosylated
GHRH-R was 10 times higher than that of the glycosylated form in
Y79 cells. The glycosylated GHRH-R was also present in the
ARPE-19 cells but at a significantly (P < 0.001) lower level, at
approximately 50% of that in Y79 (Fig. 2B). We also found
comparable GHRH-R expressions in the Y79 cells with three
other primary cells isolated from human RB tissues (Yu70,
Yu71, and Yu71R; Fig. S1).

On flow cytometry, the density plot indicated a detectable and
drastic shift of cells stained with GHRH-R antibody in Y79 cells,
compared with the negative control stained without primary
antibody or DAPI (Fig. S2A). Moreover, approximately 95.1% of
DAPI-positive cells were GHRH-R–positive, showing that nearly
all of the Y79 cells expressed detectable levels of GHRH-R
(Fig. S2B).

Apoptosis Inducing Effects of GHRH-R Antagonists in Y79 Cells. As
GHRH-R is highly expressed in Y79 cells, we hypothesized that
interfering with the GHRH signaling pathway would affect the
cell cycle of the RB cells. We therefore treated these cells with
5 μM of the GHRH-R agonist MR-409, which reportedly en-
hanced the GHRH signaling pathway (13), for 24 or 48 h. These
cells were also treated separately with similar concentration of
GHRH-R antagonists MIA-602 or MIA-690, which suppressed
the GHRH signaling pathway (14). There was no significant
difference in the cell cycle stages at G1, S, and G2 between the
solvent control and MR-409–, MIA-602–, or MIA-690–treated
cells (Fig. S3). In addition, there was a slight but insignificant
variation in the sub-G1 population between these treatments.
We then increased the concentration of MR-409, MIA-602, and
MIA-690 to 10 μM and treated cells for 24 or 48 h. Under this
treatment condition, MR-409 had no significant effect on the cell
cycle distribution. Notably, both GHRH-R antagonists, MIA-602
and MIA-690, significantly enhanced the sub-G1 population,
which is a hallmark of apoptosis (Fig. 3 A–C). After the 24-h
treatment, both GHRH-R antagonists, MIA-602 and MIA-690,
increased the sub-G1 population by approximately twofold. Af-
ter 48-h treatment, the sub-G1 population was further increased
by more than threefold. Apart from using the sub-G1 method,
we also quantified the apoptotic cells by the Annexin V assay to
detect the translocation of phosphatidylserine from the inner to
the outer leaflet of the plasma membrane of apoptotic cells.
After the 48 h treatment, both GHRH-R antagonists, MIA-602
and MIA-690, significantly enhanced the Annexin V-positive
population by more than sixfold (Fig. S4).
Subsequently, we treated the primary cells Yu71R, which were

isolated from a human RB tissue, with 10 μMMR-409, MIA-602,
or MIA-690 for 48 h. Similar to Y79 cells, both GHRH-R an-
tagonists, MIA-602 and MIA-690, increased the sub-G1 pop-
ulation by approximately twofold after 48-h treatment (Fig. S5).
To evaluate the impact of these GHRH-R antagonists on cell

Fig. 1. (A) GHRH-R is expressed copiously in Y79 RB cells as detected by im-
munofluorescence. Fluorescence signals were barely detected in the two non-
cancerous cell lines, (B) ARPE-19 and (C) SVG cells. GHRH-R was stained with
specific antibody (red). Nuclei were stained with DAPI (blue). (Scale bar: 20 μm.)
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Fig. 2. Cellular proteins from Y79, ARPE-19, and SVG cell lines were
extracted and resolved on 10% SDS gel. GHRH-R was detected with anti–GHRH-R
antibody. (A) A representative image of Western blot membrane probed with
primary anti–GHRH-R antibody (1:1,000; Abcam) and then secondary anti–rabbit-
HRP antibody. (B) Relative expression levels of unglycosylated GHRH-R (predicted
size, 47 kDa) and glycosylated GHRH-R (predicted size, 70 kDa) were determined
by densitometry. Gel images were analyzed with ImageJ software. The means of
three independent experiments are shown. P values were evaluated statistically
by using an unpaired t test. Error bars represent SDs. Asterisks indicate statistical
significance (P < 0.001).
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proliferation, we treated Y79 cells with 10 μM MR-409, MIA-
602, or MIA-690 for 48 h. The cells were then plated into fresh
culture medium to study their proliferation. Cells treated with
the solvent control or the GHRH-R agonist MR-409 resumed
cell proliferation with a doubling time of approximately 2 d (Fig.
3D). In contrast, the cells treated with the GHRH-R antagonists
MIA-602 or MIA-690 exhibited limited cell proliferation and the
cell number remained the same throughout the 6-d incubation
period (Fig. 3D).

GHRH-R Antagonists Did Not Induce Apoptosis in RPE Cell Line. To
test whether the apoptosis-inducing properties of GHRH-R
antagonists are specific to RB but not to other cell types in the
eye, we treated ARPE-19 cells with 10 μMMR-409, MIA-602, or
MIA-690 for 24 or 48 h. In contrast to the results obtained in
Y79 cells, the sub-G1 populations of ARPE-19 cells were not
significantly altered by the treatment with MR-409, MIA-602, or
MIA-690 for the 24- or 48-h test periods (Fig. 4). Instead, the G1
population in ARPE-19 was enriched by the GHRH-R antago-
nists, MIA-602 or MIA-690, for 24 or 48 h (Fig. 4). These data

showed that the GHRH-R antagonists induced apoptotic cell
death specifically in RB cells, but not in the noncancerous
retinal cells.

Effects of GHRH-R Antagonists on Cell Proliferation and Apoptosis
Related Genes. We analyzed the changes in mRNA expression
after treating Y79 cells with 10 μM MIA-602 for 6 h (Fig. 5 A and
B). Genes related to cell cycle progression and proliferation (extra-
cellular signal-regulated kinases ERK1 and ERK2), apoptotic cell
death [cysteine-aspartic protease 3 (caspase 3)], and cell proliferation
[proliferating cell nuclear antigen (PCNA)] were studied. We found
significant down-regulation of the expressions of proliferation me-
diators by MIA-602. ERK1 was significantly suppressed by 4.76-fold
(P < 0.001), and ERK2 showed an even more drastic suppression
(15.13-fold; P < 0.001). The proliferative marker PCNA demon-
strated a slight reduction of approximately 15% in mRNA expres-
sion, although the change was not statistically significant (P > 0.05).
On the contrary, the expression of the apoptotic marker, Caspase 3,
was significantly (P < 0.001) up-regulated by MIA-602, with an in-
crease of 5.01-fold.
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MIA-690 20% 28.4% 16.8% 21.4% 
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Fig. 3. Y79 cells were treated with 10 μM of the GHRH-R agonist MR-409 or the GHRH-R antagonists MIA-602 or MIA-690 for (A) 24 h or (B) 48 h. (Top) Rep-
resentative distribution profiles in cell cycles of these treatments. (Bottom) Tables show quantifications of cell population percentages in the sub-G1, G1, S, and G2
phases of the corresponding representative cell cycle distribution profiles. (C) Quantifications of the sub-G1 population of Y79 cells treated with 10 μMMR-409, MIA-
602, or MIA-690 for 24 or 48 h. The means for three independent experiments are shown. P values were evaluated by using an unpaired t test. Asterisks indicate
statistical significance (P < 0.05), and error bars indicate SD. (D) Cells were treated with 10 μM MR-409, MIA-602, or MIA-690 for 48 h, and plated into fresh culture
medium to study the cell proliferation at 0, 2, 4, or 6 d after the treatment. Points represent the mean of three determinations, and error bars represent SD.
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To understand the prolonged effects of GHRH-R antagonists
in ERK1 and Caspase 3 expression, Y79 cells were treated with
10 μM MR-409, MIA-602, or MIA-690 for 48 h (Fig. 5C). ERK1
was significantly suppressed by 17.8-fold or 25.0-fold by treat-
ment with MIA-602 or MIA-690, respectively. Caspase 3 was
significantly up-regulated by 2.2-fold or 3.8-fold by MIA-602 or
MIA-690, respectively. These results suggest that GHRH-R an-
tagonists can down-regulate cell proliferation pathways and en-
hance the cell death pathway, confirming our findings in the cell
proliferation and apoptosis assays.

Discussion
Our understanding of the pathogenesis of RB has been greatly
improved in the past few years. RB has been shown to arise from
the cone precursor cells, which have high MDM2 levels that
suppress p53-mediated apoptosis (2). In these cone precursor
cells, mutation in the RB1 gene would lead to E2F activation (7,
8). Activating the E2F pathway causes a depletion of cellular
nucleotide levels, which in turn generates DNA replication stress

and DNA damage (15). Fortunately, excessive DNA replication
stress and DNA damage are known to trigger apoptosis and
restriction of cellular growth (16, 17). However, in the cone
precursor cells, p53-mediated apoptosis is suppressed by the
highly expressed MDM2 (2). Therefore, these DNA replication
stress and DNA damages are accumulated and undermine ge-
nomic stability, which leads to tumorigenesis.
Although p53 is considered as a key regulator of apoptosis, it

has been reported that apoptosis can also be induced in p53-
negative cells (18). Despite the fact that cone precursor cells
have high level of MDM2, these findings suggest that apoptosis
may still possibly be induced in RB. Our previous work indeed
demonstrated that GHRH-R antagonists are able to inhibit cell
proliferation in the small-cell lung carcinoma expressing mutated
p53 (19). Therefore, we chose to study the effects of GHRH-R
antagonists on RB cells.
Our findings indicate that GHRH-R is differentially expressed

in the RB cell line Y79, which was the first human RB cell line
established more than 40 y ago (20). It has been widely used for

Cell cycle distribu�on 
  Sub-G1 G1 S G2 

Solvent control 3% 22.1% 4.5% 59.3% 
MR-409 5.1% 26.7% 3.9% 53% 
MIA-602 3.3% 41.7% 6% 44.1% 
MIA-690 3.7% 46.2% 7.9% 39.2% 

Cell cycle distribu�on 
  Sub-G1 G1 S G2 

Solvent control 1.1% 12.2% 12.2% 48% 
MR-409 2.5% 30.2% 9.5% 41.7% 
MIA-602 1.2% 45.5% 9.1% 33.8% 
MIA-690 2.8% 42.5% 11.3% 32.9% 
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Fig. 4. ARPE-19 cells were treated with 10 μM of the GHRH-R agonist MR-409 or GHRH-R antagonists MIA-602 or MIA-690 for (A) 24 h or (B) 48 h. (Top) Repre-
sentative cell cycle distribution profiles of these treatments. (Bottom) Tables show quantifications of cell population percentages in the sub-G1, G1, S, and G2 phases of
the corresponding representative cell cycle distribution profiles. (C) Quantifications of the sub-G1 population of ARPE-19 cells treated with 10 μMMR-409, MIA-602, or
MIA-690 for 24 or 48 h. The means for three independent experiments are shown. P values were evaluated statistically by unpaired t test. Error bars represent SD.
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the study of RB, including by direct injection into nude mice
(21). In this reported study, 67.5% of the Y79-injected eyes
developed RB after 12 wk, suggesting that Y79 is a good cellular
model of RB (21). Y79 cells express GHRH-R throughout the
population, with subcellular localizations in the nucleus and cy-
toplasm. GHRH-R was originally identified as a membrane re-
ceptor protein. However, GHRH-R has been reported to
internalize upon GHRH binding (22). Our immunocytochemis-
try data suggest presence of some active GHRH signaling
pathways in RB cells. Immunoblotting detected the existence of
multiple variants of GHRH-R, which is consistent with previous
reports in which the glycosylated form of GHRH-R was identi-
fied at approximately 70 kDa, in addition to unglycosylated
GHRH-R (23). In contrast, APRE-19 cells expressed only a low
level of glycosylated GHRH-R and SVG cells showed no de-
tectable GHRH-R. GHRH-R has been reported to be N-linked
glycosylated on amino acid asparagine at position 50 (24). This
glycosylated GHRH-R was not detected in Western blot after
treatment with endoglycosidase H (24). The functional conse-
quence of this GHRH-R glycosylation is currently unknown.
However, this glycosylation site is in close proximity to a key
amino acid, aspartate at position 60, which is essential for the
downstream GHRH signaling pathway (24). In conclusion, these
results on GHRH-R expression suggest that the GHRH-R an-
tagonists could induce apoptosis specifically in RB but not in
other (i.e., normal) retinal cells. GHRH-R expression in other
human ocular tissues has not been reported to our knowledge. In
our previous study in rats, GHRH-R could be detected in cor-
nea, iris, and ciliary body (12). In addition to the GHRH-R ex-
pression, whether Y79 cells express its ligand GHRH is currently
unknown. Notably, Y79 cells have been reported to secret a
growth factor to support the cell growth in a serum-free envi-
ronment for more than 5 mo (25). The identity of this growth
factor was not determined, but it has a molecular weight of
38 kDa, which is similar to the size of GHRH.
Treatments of the RB cells with two different GHRH-R an-

tagonists at 10 μM for 48 h induced three times higher apoptosis
values compared with control. Notably, the same treatment
protocol did not induce significant apoptosis in RPE cells. These
results indicate that an extrapituitary signaling pathway, in which

the GHRH pathway plays an important role, regulates cell death
within an ocular environment. Furthermore, our results show a
RB-specific killing effect of the GHRH-R antagonists, which can
be partially explained by the interference with relevant biological
signaling pathways. The RAF/MEK/ERK pathway has been known
for its vital role in mediating diverse cellular signaling pathways
including cell survival, proliferation, metabolism, migration, and
cell cycle progression (26). In particular, ERK1 and ERK2 ex-
pressions were reduced in response to the treatment by GHRH-R
antagonist, suggesting a corresponding reduction in biological sig-
naling involving proliferation and survival. Caspase 3 expression
has been established as a hallmark of apoptosis (27). Thus, the
generation of a high proportion of apoptotic cells in the pop-
ulation, as was observed in our cell cycle analysis, is well explained
by the significant up-regulation of Caspase 3 expression. Many
pathways are involved in regulating Caspase 3 expression. RB has
been reported to show a high MDM2 expression level. GHRH-R
antagonists might suppress MDM2 to restore p53 activity, which
subsequently induces Caspase 3 expression (2). However, several
global gene expression studies did not identify Caspase 3 as a direct
transcriptional target of p53 (28, 29), although the Caspase 3
protein was up-regulated upon p53 activation (30). These studies
suggest that p53 induces Caspase 3 expression indirectly. On the
contrary, an inflammatory cytokine, IFN-γ, has been reported to
induce Caspase 3 expression (31). It is noted that we have pre-
viously shown alleviation of ocular inflammation by GHRH-R
antagonist in the rat (12). The possibility of GHRH-R antagonists
enhancing Caspase 3 expression through the modulation of ocular
inflammation remains to be determined.
In conclusion, the GHRH-R antagonists show specific apo-

ptosis-inducing effects on RB cells with minimal effects on the
surrounding noncancerous retinal cells. Our study reveals pre-
viously unidentified information on RBs and suggests a promis-
ing approach consisting of therapy targeted to GHRH receptors
to accomplish a significant decrease in tumor cells through the
mechanism of apoptosis.

Materials and Methods
Cell Lines and Culture. Y79 [American Type Culture Collection (ATCC)] was
maintained in RPMI 1640 medium with 20% (vol/vol) FBS. Primary cells Yu70,
Yu71, and Yu71R were maintained in RPMI 1640 medium with 20% (vol/vol)

Fig. 5. Y79 cells were treated with 10 μM of the GHRH-R antagonist MIA-602 for 6 h. Total mRNA was extracted and reverse-transcribed. Gene expressions
were determined by RT-PCR. (A) A representative image of RT-PCR of ERK1, ERK2, PCNA, and Casp3. GAPDH was the housekeeping gene. (B) Gel images were
analyzed by ImageJ software. Relative mRNA expression levels were determined by densitometry. The means for three independent experiments are shown. P
values were evaluated statistically by unpaired t test. Error bars represent SD. Asterisks indicate statistical significance (P < 0.001). (C) Y79 cells were treated
with 10 μM of the GHRH-R agonist MR-409 or the GHRH-R antagonists MIA-602 or MIA-690 for 48 h. Relative mRNA expression levels of ERK1 and Casp3 were
quantified by real-time PCR. The means for two independent experiments are shown. P values were evaluated statistically by unpaired t test. The asterisks
indicate statistical significance (P < 0.05). Error bars represent SD.
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FBS. ARPE-19 (ATCC) was grown in DMEM/F12 with 10% (vol/vol) FBS.
SVG (ATCC) was grown in MEM with 10% (vol/vol) FBS (SI Materials
and Methods).

Quantification of GHRH-R Expression by Immunocytochemistry. Cells were
stained with primary antibody against GHRH-R (1:1,000 dilution; Abcam) and
then were incubated with DAPI stain and secondary antibody conjugated to
Rhodamine Red-X (1:1,000 dilution; Jackson ImmunoResearch). Fluorescence
signals were visualized by using a fluorescence microscope (SI Materials
and Methods).

Quantification of GHRH-R Expression by Western Blot. A 30-μg portion of
cellular protein was resolved in 10% (wt/vol) SDS polyacrylamide gel. Ex-
pression of GHRH-R was determined by using primary antibody against
GHRH-R (1:1,000 dilution; Abcam). Expression levels were analyzed by
ImageJ software (SI Materials and Methods).

Quantification of the Y79 Subpopulation Expressing GHRH-R by Flow Cytometry.
Y79 cells were stained with or without primary antibodies against GHRH-R
(1:1,000 dilution; Abcam) and then were incubated with secondary antibody
conjugated to Alexa 488 (1:1,000 dilution; Jackson ImmunoResearch). Cells
were counterstained with DAPI and analyzed with a BD FACS Fortessa Flow
Cytometer (BD Bioscience; SI Materials and Methods).

GHRH-R Agonist and GHRH-R Antagonists. The GHRH-R agonist MR-409 and
GHRH-R antagonists MIA-602 and MIA-690 were synthesized and purified as
described previously (13, 14) in the laboratory of A.V.S. The lyophilized
synthetic neuropeptides were dissolved in 50% (vol/vol) acetic acid and then
diluted 1,000-fold in corresponding culture medium before use.

Cell Cycle Distribution Analysis. After treatment, cells were stained with
propidium iodide and analyzed with an FC500 flow cytometer (Beckman
Coulter). Sub-G1 data were measured for the evaluation of the apoptotic
population (SI Materials and Methods).

Annexin V Assay. After treatment, cells were stained freshly with Annexin V
Apoptosis Detection Kit (Invitrogen) according to the manufacturer’s in-
structions. Cells were analyzed by a fluorescence microscope (Nikon; SI
Materials and Methods).

Cell Proliferation Assay. After the treatment, equal numbers of cells were
seeded into 24-well plates in RPMI 1640 medium supplemented with 20%
(vol/vol) FBS. After 0, 2, 4, and 6 d of incubation, the numbers of cells were
counted by using a hemocytometer (SI Materials and Methods).

Real-Time PCR. Relative expressions of mRNA were detected and semi-
quantitatively determined by using specific primers amplifying ERK1, ERK2,
PCNA, Caspase 3, and GAPDH. PCR products were resolved in 1.2% (wt/vol)
agarose gel electrophoresis, visualized by UV, and analyzed with ImageJ
software. Relative expressions of ERK1 and Caspase 3 were further quantified
by LightCycler 480 II real-time PCR (Roche Applied Science; SI Materials
and Methods).
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