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Abstract As the continuation of a previous study, syn-
thetic peptides corresponding to the extracellular domains
of human gonadotropin-releasing hormone (GnRH) recep-
tor were used to generate additional monoclonal antibodies
which were further characterized biochemically and immu-
nologically. Among those identiWed to recognize GnRH
receptor, monoclonal antibodies designated as GHR-103,
GHR-106 and GHR-114 were found to exhibit high aYnity
(Kd · 1 £ 10¡8 M) and speciWcity to GnRH receptor as
judged by the whole cell binding immunoassay and West-
ern blot assay. Both anti-GnRH receptor monoclonal anti-
bodies and GnRH were shown to compete for the same
binding site of GnRH receptor on the surface of cultured
cancer cells. Growth inhibitions of cancer cells cultured in
vitro were demonstrated by cellular apoptosis experiments
(TUNEL and MTT assays) under diVerent conditions of
treatment with GHR-106 monoclonal antibody or GnRH
analogs. It was generally observed that both GnRH I and
GHR-106 eVectively induce the apoptosis of cultured can-
cer cells as determined by TUNEL and MTT assays. Con-
sistently, suppressions of gene expressions at mRNA levels
were demonstrated with several ribosomal proteins (P0, P1,
P2 and L37), when cancer cells were incubated with GnRH
or GHR-106. The widespread expressions of GnRH recep-
tor in almost all of the studied human cancer cell lines were
also demonstrated by RT-PCR and Western blot assay, as
well as indirect immunoXuorescence assay with either of
these monoclonal antibodies as the primary antibody. In
view of the longer half life of antibodies as compared to

that of GnRH or its analogs, anti-GnRH receptor monoclo-
nal antibodies in humanized forms could function as GnRH
analogs and serve as an ideal candidate of anti-cancer drugs
for therapeutic treatments of various cancers in humans as
well as for fertility regulations.
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Abbreviations
ELISA Enzyme-linked immunosorbent assay
FITC Fluorescein isothiocyanate
GAPDH Glyceraldehyde phosphate dehydrogenase
GnRH I Type I gonadotropin-releasing hormone 

(a decapeptide: pGlu-His-Trp-Ser-Tyr-Gly-
Leu-Arg-Pro-Gly-NH2)

IIF Indirect immunoXuorescence
Mab Monoclonal antibody
MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltet-

razolium bromide
p-GnRHR A synthetic peptide corresponding to N1–29

amino acid residues in the extracellular
domain of human GnRH receptor

KLH Keyhole limpet hemocyanin
TUNEL Terminal deoxynucleotidyl transferase dUTP

nick end labeling

Introduction

Gonadotropin-releasing hormone (GnRH) (both types I
and II hormone) was initially identiWed as a decapeptide
hormone [1]. Its function is to stimulate the release of
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gonadotropin, LH and FSH from anterior pituitary through
speciWc binding to the GnRH receptor located on the exter-
nal membrane of selected cell types [1, 2]. Subsequent
studies revealed that GnRH and its receptor also play extra
pituitary roles in numerous normal and malignant cells or
tissues, the mechanisms of which are still being actively
explored [2–7]. Anti-proliferative eVects of GnRH or its
analogs on cancer cells of diVerent human tissue origins
have been reported [8–11].

Numerous clinical studies have also been reported
regarding the use of cytotoxic GnRH analogs or GnRH
analogs alone as anti-cancer drugs [12–19]. These drugs
are formulated by cross-linking cytotoxic anti-cancer
agents to GnRH analogs such as AN-152 and AN-207
[12–15]. Numerous GnRH agonists or antagonists were
also employed to suppress cancer cell (especially prostate
and ovarian cancer cell) growth [15–19]. However, limited
and variable eYcacy was observed in most cases [6].
Nevertheless, this approach has been shown to be eVective
in cancer treatments with lower toxicity and improved
eYcacy when compared to non-targeted systemic chemo-
therapy [12].

Development of antibody-based anti-cancer drugs has
been an alternative approach to human cancer treatments in
recent years [20, 21]. However, it is important that the drug
target on the cancer cell surface is clearly identiWed,
expressed with high abundance and its mechanisms of
action well elucidated. The advantages of this approach
include reduced side eVects and a relatively long half life
(5–20 days) of circulating antibody drugs upon treatments.
In view of these considerations, monoclonal antibodies
(Mabs) against GnRH receptor could be an ideal choice to
neutralize cancer cells if the target speciWcity and the mech-
anisms to inhibit cancer cell growth can be established.
Although a Mab designed as F1G4, raised against synthetic
peptide of N1-29 amino acid residues of human GnRH
receptor has been reported to bind T47D human breast can-
cer cell line and OVCAR-3 ovarian cancer cell line, not all
of the cells in either cell line were reactive with the anti-
body [22, 23]. It has also been reported that polyclonal anti-
bodies, which were raised against N5-17 amino acid
residues of mouse pituitary GnRH receptor, could cross-
react with human ovarian cancer cell line, suggesting the
feasibility of using such antibodies for the treatment of pro-
liferative disease of ovary or uterus [24, 25]. However, the
antigen speciWcity of these antibodies has never been well
characterized.

In our previous study [2], preliminary data were reported
for the generations and partial characterizations of several
Mabs which were generated against synthetic peptides cor-
responding to the extracellular domains of human GnRH
receptor. These included immunohistochemical studies of
human pituitary tissues, selected cancer cell lines and

human sperm as well as RT-PCR to demonstrate the
expressions of GnRH receptor in these tissues or cancer
cells. In this study, eVorts were made to further characterize
additional Mabs against extracellular domains of human
GnRH receptor. These antibodies were analyzed biochemi-
cally and immunologically with respect to their speciWcity
and aYnity to this receptor. Anti-proliferative eVects of
some of these Mabs were demonstrated through cellular
apoptosis experiments with cancer cells cultured in vitro as
well as mRNA expressions of selected ribosomal proteins
by RT-PCR.

Materials and methods

Chemicals

All the chemicals were purchased from Sigma Chemical
Company (St. Louis, MO) unless otherwise mentioned.

Cell lines

The ovarian cancer cell line of serous origin, OC-3-VGH
was established by Department of Obstetrics and Gynecol-
ogy at Veterans General Hospital, Taipei, Taiwan [26]. The
cancer cells were cultured in RPMI medium containing
10% fetal calf serum. For comparative purposes, as many
as 33 human cancer cell lines were obtained from American
Type Culture Collection (ATCC) Co. (Rockville, MD).
They were cultured and harvested separately according to
the supplier’s instructions. The origins of these human can-
cer cell lines are listed in Table 1 of this report.

Generation and selection of monoclonal antibodies against 
human GnRH receptor

The method for the generations of hybridomas secreting
Mabs against the extracellular domains of human GnRH
receptor has been published previously [2, 26]. BrieXy,
oligopeptides corresponding to the N-terminal amino acid
residues 1–29, 182–193, 195–206 and 293–306 in the
extracellular domains of human GnRH receptor were cus-
tom synthesized by Gemed Lab, South San Francisco, CA
and Genescript, Piscataway NJ. They were conjugated sep-
arately to Keyhole Limpet hemocyanin (KLH) by standard
methods and used as immunogen to generate Mabs as pre-
viously described [2]. Detailed procedures for production
of Mabs through immunization, cell fusion and screening
steps have been published elsewhere [2, 27]. Several cell
fusion experiments were performed with mice immunized
with KLH-conjugated peptide (N1-29). However, none of
the Mabs could be generated by using other three synthetic
peptides as immunogens due to poor immune response [2].
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Three of the Mabs, designated as GHR-103, GHR-106 and
GHR-114, respectively, were selected for further character-
izations and presented in this study. Preliminary character-
izations of these Mabs were preformed similarly to those

published previously including immunohistochemical
staining with pituitary tissue sections and selected cancer
cell lines [2]. ELISA with microwells coated with synthetic
peptides or with cancer cell extract was employed for the
binding or binding inhibition assay presented in this study.

Induction of apoptosis of cancer cells by GnRH 
and GHR-106

In order to investigate the anti-proliferative or apoptosis
eVects of GHR-106 on cancer cells, In Situ Cell Death
Detection Kit, POD (Roche, Canada) was employed for
detection and quantitation of apoptosis at a single cell
level. BrieXy, OC-3-VGH ovarian cancer cells were cul-
tured in RPMI-1640 medium at 37°C in a CO2 (5%) incu-
bator for 2–3 days until all cancer cells are attached to
microwells. Following removal of cell culture medium,
fresh serum-free medium was added for an additional 3 h
incubation in a CO2 incubator. After the serum-free starv-
ing period, the cells were incubated in fresh medium con-
taining 10% fetal calf serum, and GnRH or GHR-106 of
known concentrations was added for co-incubation of 24–
72 h. As the negative control, normal mouse IgG of the
same concentration was used for the same incubation
period.

At the end of incubation, the attached cells were
removed from tissue culture wells by appropriate cell
detachment solution (Accutase, Sigma). Apoptosis of
treated cancer cells was determined quantitatively by TUNEL
assay with the instructions provided by Cell Death Detection
Kit, POD (Roche, Canada). Percent increases of apoptosis
cells after treatments with either GnRH or GHR-106 were
obtained by subtracting the spontaneous apoptosis of the
negative control.

MTT assay for anti-proliferation of cancer cells by GnRH 
and GHR-106

MTT assay [16, 17] was performed on cancer cells on a 24-
well plate. A total of 1 £ 104 cells were dispensed into each
well and cultured for 48 h. Following removal of cultured
media, fresh medium containing GnRH (0.1 �g/ml) or
GHR-106 (10–20 �g/ml) was added to each well for an
additional 48 h incubation. Subsequently, the culture medium
was removed, and 200 �l of MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazoliumbromide) (2.5 mg/ml in PBS,
Sigma) was added to each well. After 5 h of incubation
with MTT at 37°C in a 5% CO2 incubator, the supernatant
was removed, and 200 �l of dimethylsulfoxide (DMSO)
was added to each well followed by shaking at 150 rpm for
5 min. Absorbance at 560 nm was determined spectropho-
tometrically. The cells without any antibody treatment
served as the negative control.

Table 1 Expressions of GnRH receptor 1 in cancer cell lines as
detected by RT-PCR, indirect immunoXuorescence staining and
Western blot assays

a The strength of the signal in the order of ++ (very strong), + (strong),
§ (weak), ¡ (invisible)
b Normal hyperplastic and proliferated Wbroblast cell lines derived
from fetal lung tissue
c Positive staining conWrmed with indirect immunoXuorescence stain-
ing by GHR-106 Mab
d Positive staining conWrmed with Western blot assay (probe GHR-
103 or GHR-106 Mab)

Origins Cell line 
designation

ATCC No. Relative 
GnRHR1 signala

Breast MCF7 HTB-22 §, +c

MDA-MB-231 HTB-26 +, +d

MDA-435 §, §c

T-47D HTB-133 §, +c

Cervix C-33A HTB-31 +, +c, +d

SiHa HTB-35 +

ME-180 HTB-33 +, ++c

Colon HCT 115 +

HCT 116 CCL-247 +, +c

HT-29 HTB-38 +

SW-48 CCL-231 §, +c

Glioblastoma HTB-14 U-87 MG +

Hepatocellular Hep3B HB-8064 +

HepG2 HB-8065 +, +c

Hep-2 +, §c

Lung A549 CCL-185 +, §c, +d

Calu-6 HTB-56 +

H441 HTB-174 +, §d

MRC-5b CCL-171 +, +c

WI-38b CCL-75 +

Lymphoma HEL 1 §, +d

Lekemia K-562 CCL-243 +, §c, +d

Melanoma MMAN §
MMRU +

SK-MEL-3 HTB-69 §
Neuroblastoma SH-SY5Y CRL-2266 +

Human Ovarian SK-OV-3 HTB-77 §, +d

OC-3-VGH +, +d

OVCAR-3 HTB-161 §, +d

Placenta JEG-3 HTB-36 +

Prostate DU 145 HTB-81 +

PC-3 CRL-1435 §
T-cell Leukemia Jurkat TIB-152 ¡
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Western blot and indirect immunoXuorescence assay

Western blot assay was performed according to the previ-
ously reported procedure with minor modiWcations [2].
BrieXy, the cancer cells (104–105 cells/ml) from OC-3-
VGH or other cell lines were solubilized in SDS sample
buVer containing 1% SDS and 5% �-mercaptoethanol fol-
lowed by boiling for 3 min. The samples were loaded on
12% acrylamide gels with BioRad molecular size markers.
The rest of Western blot procedure was the same as previ-
ously described [2]. For negative control, normal mouse
IgG of the same concentration was used instead.

For indirect immunoXuorescence (IIF) assay, cancer
cells (trypsinized) from the selected cell lines were Wxed on
slides with absolute methanol. GHR-106 Mab of known
dilutions (0.1–5 �g/ml) was used as the primary antibody in
RPMI-1640 medium containing 10% bovine calf serum.
Following 1 h incubation, the cell-coated slides were
washed Wve times with PBS containing 1% BSA and 0.1%
Tween-20. Goat anti-mouse IgG labeled with FITC
(Sigma) of suitable dilutions (1:200–1,000) were added for
an additional hour of incubation at room temperature. Fol-
lowing wash, immunoXuorescence staining was observed
under the Zeiss microscope with Xuorescent attachment.
For the negative control, normal mouse IgG of the same
dilution was used for comparison.

Total RNA extraction and cDNA synthesis

Total RNA was extracted from diVerent cell lines (105–107

cells) using QIAGEN RNeasy mini kit. RNase-free DNase
set was included to avoid genomic gene interference.
Reverse transcription (RT) of total RNA (0.5–5 �g/20 �l)
to cDNA was performed by using oligo (dT)15 primers and
EasyScript™ First Strand cDNA Synthesis Kit from Applied
Biological Materials (Abm) Inc. (Richmond, BC, Canada)
following the manufacturer’s protocol. Reaction mixtures
with RNA template but without reverse-transcriptase or
with reverse-transcriptase but without RNA template were
used as the negative controls for cDNA synthesis.

PCR

All primers required for PCR ampliWcations were obtained
from Integrated DNA Technologies (San Diego, CA) and
listed as follows: GnRHR1 (486 bp): 5�-CAGAAGAAAG
AGAAAGGGAAAAAGC-3� (sense) and 5�-GATGAAAA
GAGGGATGATGAAGAGG-3� (antisense); P0 (431 bp):
5�-TTGTGTTCACCAAGGAGG-3� (sense) and 5�-GTAG
CCAATCTGCAGACAG-3� (antisense), respectively; P1
(476 bp): 5�-CAAGGTGCTCGGTCCTTC-3� (sense) and
5�-GAACATGTTATAAAAGAGG-3� (antisense); P2
(386 bp): 5�-TCCGCCGCAGACGCCGC-3� (sense) and

5�-TGCAGGGGAGCAGGAATT-3� (antisense); L37
(340 bp): 5�-CAGAAGCGAGATGACGAAGG-3� (sense)
and 5�-CCAGAACATTTATTGCATGAC-3� (antisense) [7].
A housekeeping gene, glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) was ampliWed to check the func-
tional integrity of cDNA and used as internal control by
using 5�-GAAATCCCATCACCATCTTCC-3� (sense) and
5�-CCAGGGGTCTTACTCCTTGG-3� (antisense) as primers
(805 bp) [28].

In this study, the nucleotide sequence of the sense primer
and that of the antisense primer were selected with the
expected size of PCR product of 486 bp, extending from
position 1944 of Exon 1 at 5� end to position 2429 of
Exon 2 at the 3� end of GnRH receptor as reported previously
[2, 29].

PCR was performed by using 2£ PCR Plus MasterMix
kit (ABM, Richmond, BC, Canada) according to manufac-
turer’s protocols. After denaturing at 94°C for 4 min, 20–35
cycles were performed under the following conditions:
denaturing at 94°C for 40 s, annealing at 50°C for 40 s,
polymerizing at 72°C for 1 min, and at last complete exten-
sion at 72°C for 7 min. At the end, the PCR product was
checked by 1.5% agarose gel electrophoresis. The relative
signal intensities of diVerent PCR products on the agarose
gel were semi-quantitatively analyzed by ImageQuant
image analysis software. The intensity of GAPDH control
was adjusted to 100% in each case for comparative pur-
poses. The negative control from cDNA synthesis was fur-
ther used in PCR reaction and served as the negative
control.

Results

Characterizations of anti-GnRH receptor monoclonal 
antibodies

Besides the human GnRH receptor-speciWc Mabs that were
reported in the previous study [2], three additional high
aYnity ones were selected and characterized in the present
study. They were designated as GHR-103, GHR-106 and
GHR-114, respectively. All were generated with immuno-
gens consisting of a synthetic peptide corresponding to that
of N1-29 amino acid residues in the extracellular domains
of human GnRH receptor. Typical immunohistochemical
staining with pituitary tissue sections and selected cancer
cells were performed to establish their relative speciWcity to
GnRH receptor [2]. Details of this analysis were presented
in the previous study [2] and will not be elaborated here.

ELISA with microwells coated with synthetic peptide
or cancer cells was employed to estimate the aYnity con-
stant between anti-GnRH receptor Mabs and GnRH recep-
tor in the present study. As shown in Fig. 1a, GHR-103,
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GHR-106 and GHR-114 were shown to reveal dose-
dependent binding to N1-29 synthetic peptide coated
on microwells. A similar dose-dependent binding was
observed between GHR-103, GHR-106 or GHR-114 and
OC-3-VGH cancer cells coated on microwells as shown in
Fig. 1b. Based on the results of these binding assays, com-
parable dissociation constant (Kd) was estimated to be
2 £ 10¡9 M for GHR-103 and GHR-106 and slightly
higher for GHR-114. Furthermore, GnRH I was shown to
inhibit the binding between GHR-106 and OC-3-VGH
cancer cells coated on microwells. This was clearly dem-
onstrated by the decrease in relative signal intensity of
antibody binding to cancer cells with increasing GnRH
concentrations ranging from 0.2 to 20 �g/ml (Fig. 2a).
Similarly, N1-29 synthetic peptide was also shown to
inhibit GHR-106 binding to immobilized cancer cells as
shown in Fig. 2b.

Western blot assay was performed with GHR-103,
GHR-106 and GHR-114 by using alkaline phosphatase-
labeled goat anti-mouse IgG as the detecting probe. As

shown in Fig. 2c, one single protein band from OC-3-VGH
ovarian cancer cell extract was observed with molecular
weight of approximately 60 KDa for all three anti-GnRH
receptor Mabs [3]. Similar results were obtained with cell
extract of other cancer cell lines listed in Table 1.

Indirect immunoXuorescence assay was also employed
to demonstrate the presence of GnRH receptor on the sur-
face of selected cancer cells listed in Table 1. Typical
examples are given in Fig. 3 with OC-3-VGH ovarian can-
cer cell line and C-33A cervical cancer cell line, respec-
tively. The results of IIF assay clearly demonstrated that
both cancer cell lines were positively stained with GHR106
as the primary antibody (Fig. 3a, e). The negative control
using normal mouse IgG of the same concentration
revealed no IIF staining (Fig. 3c, g).

Fig. 1 a ELISA to reveal the dose-dependent binding of GHR-103,
GHR-106 and GHR-114 monoclonal antibodies to well-coated syn-
thetic peptide corresponding to the N1-29 amino acid residues of
human GnRH receptor. Following 1 h incubation at 37°C with these
GHR monoclonal antibodies in microwells, goat anti-mouse IgG
labeled with alkaline phosphatase was used as the secondary antibody
for spectrophotometrical signal detection at 405 nm (open triangle
GHR-103, Wlled circle GHR-106, open circle GHR-114). b ELISA to
reveal the dose-dependent binding between GHR monoclonal antibod-
ies and microwells coated with OC-3-VGH cancer cells. Experimental
conditions are similar to those of Fig. 1a
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Induction of cellular apoptosis by TUNEL assay 
and MTT assay

By employing TUNEL assay, inductions of apoptosis fol-
lowing treatments of cancer cells with GnRH I or GHR-106
were quantitatively determined. As shown in Fig. 4a, sig-
niWcant increases in apoptosis of treated cancer cells were
detected upon the treatment with either 10 �g/ml of GHR-
106 or 0.1 �g/ml of GnRH I. Induction of cellular apoptosis
with GHR-106 was found to have little time-dependent
increase from 24 to 72 h as compared to the negative con-
trol. By comparison, apoptotic induction with GnRH I
treatments increased signiWcantly from 40 to 65% from 24
to 72 h of incubation time.

Anti-proliferative eVects of GnRH I and its antagonist
as well as GHR-106 Mab on the growth of cultured can-
cer cells were also studied by MTT assay. The results of
this assay are presented in Fig. 4b. Both GnRH and
GHR-106 were shown to signiWcantly inhibit the growth
of cultured cancer cells upon incubation for 48 h with
the hormone or with Mab. Similarly, antide, a GnRH
antagonist was also shown to induce apoptosis although
to a much less extent. Induction of apoptosis by GHR-
106 on cancer cells also revealed a dose-dependence
(Fig. 4b).

EVect of antibody or hormone treatments on the mRNA 
expressions of selected ribosomal proteins

Four ribosomal proteins P0, P1, P2, and L37 were selected
for semi-quantitative analysis of mRNA expressions. The

expression of mRNA of GAPDH gene was used as the
internal control. Upon 24 h treatment with GHR-106, it was
clearly indicated that there were signiWcant decreases in gene
expressions of these four ribosomal proteins. The results of
such semi-quantitative analysis are presented in Fig. 4c.
Messenger RNA expressions of these genes of cultured
cells without GHR-106 treatment served as the internal
negative control and those with GnRH treatment served as
positive control.

Expressions of GnRH receptor mRNA in diVerent cancer 
cell lines

Thirty-three diVerent human cancer cell lines were
employed to investigate the mRNA expressions of GnRH
receptor by using RT-PCR. The results of some cell lines
are displayed in Fig. 5 and summarized in Table 1. So far,
only 1 out of 33 cell lines, Jurkat (T-cell leukemia), shows
little or no evidence of GnRH receptor mRNA expres-
sions. To demonstrate the consistency regarding the
expressions of GnRH receptor at mRNA and protein lev-
els, Western blot and IIF assay of some cancer cell lines
were performed. By IIF, some of the cancer cell lines
were stained positively, when GHR-106 Mab was used as
the primary antibody probe (see Table 1). Typical results
of IIF assay with OC-3-VGH ovarian cancer cell line and
others (C-33A cervical cancer) are presented in Fig. 3 and
described in the previous section. Similarly, by Western
blot assay, the majority of the tested cancer cell lines were
shown to reveal similar protein bands of 60 KDa which
corresponds to the molecular weight of human GnRH

Fig. 3 Indirect immunoXuorescence staining (under UV light) was
used to demonstrate the presence of GnRH receptor on the surface of
cancer cells, including OC-3-VGH ovarian cancer cell line (a) and
C-33A cervical cancer cell line (e), by using GHR106 (5 �g/ml) as the
primary antibody. b and f are the corresponding cells visualized under

the visible light, respectively. For the negative control, the correspond-
ing cancer cells were stained with normal mouse IgG of the same con-
centration as the primary antibody. The results are shown in (c, d) for
OC-3-VGH and (g, h) for C-33A, respectively (magniWcation £100).
Details of experimental conditions were described in the text
123
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receptor in OC-3-VGH cancer cells (Fig. 2c), when either
of the three established Mabs was used as the probe
(Table 1).

Discussions

In a previous study, we reported generations and partial
characterizations of several Mabs against a synthetic pep-
tide derived from N1-29 amino acid residues in the extra-
cellular domains of human GnRH receptor [2]. They were
shown to react with human GnRH receptor on the surface
of some cancer cells and pituitary tissues by immunohisto-
chemical staining, Western blot assay, and RT-PCR
method [2]. In this study, additional Mabs were generated
against extracellular domain peptides (N1-29) and charac-
terized with respect to their speciWcity, aYnity as well as
functional activities to cancer cells. One of these Mabs,
designated as GHR-106, was selected and reported with
more detailed studies due to its high speciWcity and aYnity
to the extracellular domain (N1-29) of GnRH receptor,
which is present in many normal and cancer tissues in
humans [12]. Judging from the dose-dependent inhibition
of GHR-106 binding to OC-3-VGH cancer cells by GnRH,
it can be concluded that GHR-106 and GnRH compete for
the same binding sites(s) localized on the extracellular
domains of GnRH receptor (Fig. 2).

After the amino acid sequence of human GnRH receptor
was elucidated through molecular cloning, the extracellular
domains of this G-protein coupled receptor were deduced
[30]. SpeciWc Mabs against the extracellular domains of
GnRH receptor have been developed and characterized
previously by us and others [2, 22–25]. However, none
was used to demonstrate their anti-proliferative eVects on
cancer cells. Even though polyclonal antibodies against
selected synthetic peptides of the extracellular domains
(N5-17) of mouse GnRH receptor were found to have simi-
lar eVects [24, 25], the molecular target speciWcity of the
raised antisera was never established. Therefore, our stud-
ies presented in this communication should be the Wrst to
demonstrate unequivocally the anti-proliferative eVects on
cancer cells in vitro by anti-GnRH receptor-speciWc Mabs,
similar to those induced by numerous GnRH analogs cur-
rently used clinically. However, compared to decapeptide
GnRH analogs, the antibodies generally have a much
longer half life in circulations [31].

Similar to GnRH or its analogs, GHR-106 was found to
induce apoptosis in cultured cancer cells in vitro, when ana-
lyzed by TUNEL assay (Fig. 4a). The anti-proliferative
eVect of GHR-106 on the cultured cancer cells was also
demonstrated by MTT assay. Both GnRH and GHR-106
showed signiWcant growth inhibitions of cultured cancer
cells (Fig. 4b). This experimental result was consistent with
that of the TUNEL assay. Furthermore, signiWcant dose-
dependent inhibitions of cancer cell growth by GHR-106
and GnRH analog such as antide were also observed.

From our present studies, the inhibitory eVects of anti-
GnRH receptor Mabs on the growth of many diVerent

Fig. 4 a Percent increases in apoptosis in response to treatments of
cultured OC-3-VGH cancer cells with 10 �g/ml of GHR-106 Mab (gray)
and 0.1 �g/ml of GnRH I (white) for 24, 48 and 72 h. Percent increase
in apoptosis of cancer cells was determined by subtracting spontaneous
apoptosis obtained from incubation with normal mouse IgG of the same
concentration or without hormone treatment for the same incubation
period (all data revealed statistical signiWcance at P < 0.05); b MTT
assay to reveal dose-dependent anti-proliferative eVects of I Nega-
tive control, II GnRH I (0.1 �g/ml) (P < 0.05), III Antide (0.1 �g/ml)
(P > 0.05), IV Antide (0.2 �g/ml) (P < 0.05), V GHR-106 (10 �g/ml)
(P < 0.05) and VI GHR-106 (20 �g/ml) Mab, respectively, for 48 h on
the cultured cancer cells. Relative absorbance at 560 nm was normal-
ized with negative control (NC) without treatment; and c down regula-
tions of mRNA expression of four selected ribosomal proteins (P0, P1,
P2 and L37) upon treatment of OC-3-VGH cancer cells with GHR-106
Mab (10 �g/ml) (gray) or GnRH I (0.1 �g/ml) (black) for an incubation
period of 24 h. mRNA expression of GAPDH gene was used as the
internal control and treated as 100%. Percent changes in RT-PCR sig-
nals which represent levels of P0, P1, P2, and L37 ribosomal proteins
are presented with respect to GAPDH (100%) at 0 and 24 h (all data
revealed statistical a signiWcance at P < 0.05)
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cancer cells were similar to those by GnRH I and its antag-
onist, antide. However, the mechanism of growth inhibi-
tions to cancer cells by GnRH or its analogs is still
unknown in spite of numerous previous investigations and
hypotheses proposed by others [6–8, 12–19]. Most likely,
the growth inhibitions of cancer cells are caused by the
down regulation of epidermal growth factor and c-fos upon
binding with GnRH receptor by GnRH analogs or by anti-
GnRH receptor Mabs [32]. The work is in progress to
explore this possibility in our laboratory.

Both GnRH and GHR-106 were shown to down regulate
gene expressions of typical ribosomal proteins including
P0, P1, P2 and L37, when GAPDH gene expression served
as the internal control (Fig. 4c). Down regulations of gene
expressions for selected ribosomal proteins have been
reported previously by others [7]. However, our present
results are not consistent with those reported by others [7].
In our study, all selected ribosomal markers were shown to
be down-regulated when compared to that of GAPDH.
Furthermore, both GnRH and GHR-106 revealed similar
down-regulatory eVects on all of the selected ribosomal
proteins. This discrepancy could be due to the diVerences
in cancer cell lines employed in the present study and the
culture conditions.

When RT-PCR was used to study the gene expressions
of GnRH receptor in many cancer cell lines in humans,
only 1 out of 33 revealed little or no expression of GnRH
receptor mRNA (Fig. 5; Table 1). The results of this analy-
sis indicate that expressions of GnRH receptor in human
cancer cell lines take place in a relatively high incidence
and abundance with very few exceptions [12]. Furthermore,
Western blot and IIF assay were performed to some cancer
cell lines to indicate the consistency regarding the mRNA
and protein expressions of GnRH receptor in this study.

Recently, it has been reported that diVerent transcript
forms of GnRH receptor I mRNA were identiWed in human
benign prostatic hyperplasia [29]. The primers selected in
our studies [2] covers the sequences from 1944 of Exon I
and 2479 of Exon 2. So far, no variant forms were found
either in pituitary tissues or in the cancer cell lines studied
[2]. Although one cannot rule out the possibility of the
expressions of diVerent variant forms of GnRH receptor I

mRNA, our study seem to indicate widespread expressions
of GnRH receptor I among diVerent human cancer cell
lines.

Similar to GnRH and its analogs, GHR-103, GHR-106
and GHR-114 react speciWcally with the GnRH receptor
localized on the surface of cancer cells. This could result in
the induction of cellular apoptosis of cancer cells. How-
ever, GHR-103, GHR-106 and GHR-114 are Mabs and
have a relatively longer half life in circulation when com-
pared with that of GnRH or its analogs (days vs. hours) [31,
33]. Therefore, the humanized form of these antibodies
may have advantages over the hormone or hormone ana-
logs with respect to the therapeutic treatments of a variety
of cancers in humans. Moreover, GHR Mabs may also
behave as long acting GnRH analogs in hormonal actions,
when fertility regulations or human reproductive functions
are taken into considerations. The potential mechanism of
anti-proliferative eVect [4, 17] of GHR-103 and GHR-106
on diVerent cancer cells are under investigations. Further in
vivo studies are also in progress to assess these two poten-
tial therapeutic applications in humans.
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