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Abstract 

Monoclonal antibodies were generated against a synthetic peptide corresponding to N1-29 sequence located in the 

extracellular domain of human GnRH (gonadotropin-releasing hormone) receptor. Among the fourteen established 

monoclonal antibodies GHR103 and GHR106 were shown to have the highest affinity (Kd≈2 x10-9 M) to the synthetic 

peptide as well as to the native GnRH receptor in cancer cell extract. Through immunoglobulin gene analysis, both 

GHR103 and GHR106 were shown to have identical DNA sequences in both heavy and light chains of IgG1 subclass. 

GHR106 was shown to be highly specific to N1-29 peptides derived from GnRH receptor of human and monkey, but not to 

that from mouse. Immunohistochemical studies were performed with as many as 30 different cancer cell lines and were 

found to positively stain more than 80% of cases, irrespective of their tissue origins. Consistent results were obtained 

with other assays such as Western Blot, indirect immunofluorescence and RT-PCR. Similar to GnRH decapeptide 

antagonist, Antide, GHR106 was shown to induce apoptosis and inhibit cell proliferation to culturing cancer cells by 

TUNEL and MTT assays, respectively. Furthermore, GHR106 was shown to induce lysis of cancer cells in culture through 

complement-dependent cytotoxicity reactions (CDC) which are absent with GnRH peptide analogs. Humanized forms of 

GHR106 (hGHR106) were generated and found to be bioequivalent to murine GHR106 (mGHR106) as well as to GnRH 

antagonist, Antide in terms of their respective binding affinity and biological properties. Widespread expressions of GnRH 

receptor among various human cancer, hGHR106 can be bioequivalent alternative to GnRH decapeptide analogs and can 

serve as the antibody-based anti-cancer drugs of much longer half-life as compared to that of GnRH decapeptide analogs 

(days vs. hrs.). Furthermore, humanized GHR106 can be long-acting substitute to GnRH decapeptide analog for numerous 

gynecological indications in fertility regulations and women health.  
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Introduction 

     GnRH is a decapeptide hormone secreted by 
hypothalamus and acts on GnRH receptor in the anterior 

pituitary to stimulate the release of gonadotropin, LH and 
FSH for differentiation and maturation of reproductive 
functions in gonadal tissues [1-3]. Due to the relative 
short half-life of native GnRH, (2-6 min) in circulations [1-
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3], numerous peptide derivatives of GnRH with longer 
half-life (hrs.) were male available and act similarly to 
GnRH in biological functions. Due to structural variations, 
these derivatives were classified into either agonists or 
antagonists depending on their differential actions to 
stimulate or inhibit the release of gonadotropins [4-6]. 
GnRH decapeptide analogs are among the most versatile 
drugs for treatments of many gynecological indications 
and women health [4,5]. In addition to its direct actions 
on pituitary and gonadal related tissues or organs, GnRH 
receptor is also expressed by almost all cancer cells. The 
binding of GnRH analogs to GnRH receptor expressed on 
the surface of most cancer cells could result in induced 
apoptosis of cancer cells [4,5,7]. Therefore, GnRH peptide 
analogs have been considered suitable anti-cancer drugs 
for therapeutic treatments of various human cancer, 
especially breast and ovarian cancer [1, 8]. 
 
     Recently, monoclonal antibodies against N1-29 in the 
extracellular domains of GnRH receptor have been 
generated and demonstrated to be bioequivalent to GnRH 
decapeptide analogs in terms of its biological actions, 
except that the former has a much longer half-life in 
circulations (5-21 days) when compared to those of 
decapeptide analogs [9-13]. Moreover, bioactive 
fragments of monoclonal antibodies can be generated by 
various manipulations including humanizations, Fab (2.5 
kDa), (Fab)2 (50 kDa) and ScFv (10-15 kDa, single chain 
variable fragments of Fab). Depending on therapeutic 
applications, these bioactive fragments can be introduced 
for various treatments in fertility regulations or cancer 
[2,14]. Therefore, we believe that the diversity of these 
anti-GnRH receptor monoclonal antibodies or their 
bioactive fragments can be considered as the first-in-class 
GnRH analogs for future clinical applications [15]. For 
cancer treatments, antibody-based GnRH analogs can also 
be conjugated with various cytotoxic chemicals for more 
effective cancer treatments [4,5]. 
Therefore, in this short review, we would like to highlight 
the biochemical and immunological characterizations of 
humanized anti-GnRH monoclonal antibodies. The 
potential applications of these antibodies can be 
demonstrated through their bioequivalence to GnRH 
decapeptide analogs as summarized in this review. 
 

Generations of Monoclonal Antibodies 
against Human GnRH Receptor 

     As early as two decades ago, genes of GnRH receptors 
were identified and sequenced at DNA and protein levels 
[1,3,16]. The amino acid sequences of the peptides located 
in the extra-cellular domains were fully determined and 
assigned [17, 18]. They are located, respectively in N1-29, 
N182-193, N195-206 and N293-306 of the corresponding 

GnRH receptor [12,19]. Early attempts were made to 
generate suitable monoclonal antibodies against the 
synthetic peptides corresponding to those in the 
extracellular domains of GnRH receptor. So far, only the 
monoclonal antibodies against N1-29 synthetic peptides 
could only be successfully generated [12,19]. Among 
these antibodies, GHR-103 and GHR-106 in our laboratory 
were shown to have the highest affinity and specificity to 
human GnRH receptor (kd = 1-5 x 10-9 M). Further DNA 
sequence analysis of IgG genes of GHR-103 & GHR-106 
revealed that both are identical in DNA/amino acid 
sequences (Lee G, unpublished observations). Therefore, 
our extensive studies were focused on GHR106 reported 
in this reviews [9-13]. 
 

Biological and Immunological 
Characterizations of GHR106 

Biochemical Studies 

     GHR106 monoclonal antibody was shown to have high 
affinity and specificity to human GnRH receptor (Kd 

≈1x10-9 M). Both N1-29 synthetic peptide from human 
GnRH receptor and GnRH receptor dried on OC-3-VGH 
ovarian cancer cell extract were employed separately for 
binding assays with typical ELISA and Western Blot 
assays [9-13]. In addition, as many as 30 different 
cultured cancer cell lines were employed for 
immunocytochemical assays with GHR106 as the probe. 
With almost no exceptions, GHR106 was shown to stain 
positively to most of these cancer cell lines [9-13]. Similar 
results were obtained by indirect immune fluorescent 
assay. 
 
     RTPCR was utilized as the tool for detection of gene 
expression of GnRH receptor. The results of RTPCR were 
consistent with those of indirect immune fluorescent 
assay and Western Blot assay [9-13]. Based on 
biochemical / immunological analysis, it can be 
established that anti-GnRH receptor, GHR106 exhibits 
high specificity and affinity to human GnRH receptor 
[20,21]. In view of the high degree homology of N1-29 
amino acid sequences of GnRH receptor between human 
and monkey (90%), GHR106 was also found to cross-
react with monkey GnRH receptor as expected, but not 
with the mouse one [20,21]. 
 

Biological and Immunological Studies 

     The bioequivalence between GHR106 and GnRH 
decapeptide analog (Antide) was investigated by several 
in vitro studies [10,19]. Both GnRH antagonist, Antide and 
GHR106 were shown to induce apoptosis to cultured 
cancer cells in a dose-dependent manner as demonstrated 
by TUNEL assay [21,22]. Compared to the negative 
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control, GHR106 of mouse origin (mGHR106) and 
humanized GHR106 (hGHR106) were shown to induce 
apoptosis to cultured OC-3-VGH cultured cancer cells at 
concentrations ranging from 2μg/ml to 10μg/ml. Both 
mGHR106 and hGHR106 exhibit similar degree of 
apoptosis to cancer cells at a concentration of 10μg/ml or 
lower [9-13]. In the case of decapeptide GnRH analog, 
Antide, significant but similar apoptosis was induced at a 
concentration of 0.1μg/ml [9-13]. The results of this 
comparative study seemed to indicate that both GHR106 
and GnRH decapeptide analog can induce cellular 
apoptosis of cultured cancer cells to the similar extent, 
perhaps through similar mechanisms of action [10,20,21]. 
This MTT assays also strongly supports that GHR106 is 
bioequivalent to GnRH decapeptide analogs in anti 
proliferative actions to cancer cells. Therefore, GHR106 
can be an ideal alternative candidate of anti-cancer drugs 
for therapeutic treatments of human cancer, when the 
relatively long half-life of antibody drugs is taken into 
considerations. The results of TUNEL assay to illustrate 
the induced apoptosis upon treatments with either of 
GHR106 or GnRH peptide analog to OC-3-VGH cancer cells 
are presented in (Figure 1A) [10,20]. Similarly, apoptosis 
was also induced in several other cultured cancer cell 
lines such as PC-3 (prostate), A549 (lung) and MDA-MB-
435 (breast). Results of this study are compared with 
Antide which serves as the positive control and presented 
in (Figure 1B). In addition to induced apoptosis to cancer 
cells, complement-dependent cytotoxicity (CDC) to induce 
cell lysis of cultured cancer cells was also observed for 
GHR106 in the presence of complement [10,20,21]. In 
contrast, CDC reactions cannot be induced in cancer cells 
with GnRH decapeptide antagonist, Antide. The results of 
CDC reactions study are presented in (Figure 2) with 
several negative control. Both murine GHR106 
(mGHR106) and humanized GHR106 (hGH106) were 
found to induce apoptosis and CDC reactions to a similar 
extent [10,20,21]. In summary, the bioequivalence 
between GHR106 and GnRH peptide analog is well 
established based on results presented in this study.  
 
     (A) Effects of GnRH decapeptide antagonist, Antide, 
and anti-GnRH receptor Mabs, mGHR106 and hGHR106, 
on induced apoptosis to OC-3-VGH ovarian cancer cells by 
TUNEL assay after 48 hours’ incubation. Data are 
presented in histograms and listed as followed (■) in the 
x-axis: 2μg/mL, 4μg/mL, and 10μg/mL mGHR106, 

10μg/mL hGHR106, and 0.1μg/mL Antide. (☐) represents 
the negative control with either 10μg/mL normal mouse 
IgG or 10μg/mL human IgG for each corresponding set of 
experiments. * and ** indicate statistical significance of P 
< 0.05 and P < 0.01, respectively.  
 

 

Figure 1(A): Experiments to reveal induced apoptosis and 
cell lysis by complement-dependent cytotoxicity (CDC) 
reactions.  
 
 

 

Figure 1(B): Experiments to reveal induced apoptosis and 
cell lysis by complement-dependent cytotoxicity (CDC) 
reactions.  
 
     (B) Effects of GnRH decapeptide antagonist, Antide, 
and anti-GnRH receptor Mab, mGHR106, on induced 
apoptosis to different cultured cancer cells by TUNEL 
assay after 48 hours’ incubation. Data are presented in 
histograms and listed as followed (■) in the x-axis: 
mGHR106 (10μg/mL) and Antide (0.1μg/mL) with PC-3 
prostate cancer cells; mGHR106 (10μg/mL) with A549 
lung cancer cells; mGHR106 (10μg/mL) with MDA-MB-

435 breast cancer cells. (☐) represents the negative 
control with either 10μg/mL normal mouse IgG or 
10μg/mL human IgG for each corresponding set of 
experiments. * and ** indicate statistical significance of P 
< 0.05 and P < 0.01, respectively.  
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Figure 2: Lanes 1 to 4 represent negative controls. Lane 1: 
no treatment (negative control); Lane 2: 3μL freshly 
prepared rabbit baby complement (negative control); 
Lane 3: normal human IgG (10μg/ml plus complement) 
(negative control); Lane 4: normal mouse IgG (10μg/mL 
plus complement) (negative control); Lane 5: hGHR106 
(10μg/ml plus complement) (2-hour incubation); Lane 6: 
mGHR106 (10μg/ml plus complement) (2-hour 
incubation). ** indicate statistical significance of P < 0.01. 

 

Effects of Antibody and Peptide-based GnRH 
Analogs on Gene Regulations of Cultured 
Cancer Cells 

     Effect of GHR106 and GnRH decapeptide analogs on 
changes in gene regulations to cultured cancer cells were 
studied and compared [20]. A number of genes involved 
in protein synthesis (P0, P1, P2 and P37) and growth/cell 
cycle regulations (EGF, cfos, P21 and cyclin D) were 
included for such comparative studies [20]. With no 
exceptions, both GHR106 and GnRH decapeptide, Antide 
were found to regulated similarly the gene expression 
levels of cancer cells upon either ligand treatments 
[15,20,21]. Based on the results of semi-quantitative 
analysis by RT-PCR, it is interesting to note that Antide 
and mGHR106 were shown to have identical patterns of 
gene regulations of the treated culturing cancer cells. For 
example, upon legend treatments, up regulation of GnRH 
gene was observed, whereas GnRH receptor gene is not 
affected. Down regulation of EGF gene as well as cyclin D1 
was observed in the presence of either GnRH analogs. 
These observations are consistent with the molecular 
mechanisms of actions of either legend to induce 
apoptosis of cancer cells [20,21]. However, the 
information regarding the detailed molecular 
mechanisms of actions is limited and remains to be 
elucidated through further investigations in the future 
[9,12]. Nevertheless, the bioequivalence between GHR106 

and GnRH decapeptide analog was consistently 
established [9,20]. 
 
Humanization of GHR106 Monoclonal Antibody: In 
vitro biochemical and immunological studies as described 
in the above have suggested biological/functional 
equivalence between GHR106 and decapeptide GnRH 
analogs. For therapeutic applications in humans, it is 
essential to structurally modify the murine GHR106 into 
humanized forms [15]. Briefly, the human frame work 
and donor selection were made through germline search. 
VL and VH sequences were selected through the 
rearrangement of human IgG data base and the best hits 
in each group were aligned. Finally, one germline FR 
donor and one rearranged FR domains were selected by 
taking into the consideration of CDR length, canonical 
structure as well as proline residues, which are essential 
for the proper folding of humanized antibody [15]. 
Structural modeling and back mutation were performed 
to those residues that are predicted significantly to affect 
CDR loop structure. The overall objective of this 
engineering works in to minimize the immunogenicity 
and maximize preservation of antigen binding affinity and 
specificity of the resulting humanized antibodies [23,24]. 
After four rounds of humanization designs, several 
humanized GHR106 are generated, expressed and 
affinity-purified.  
 
     All of these humanized isoforms were produced with 
human IgG, heavy chain as well as light chain kappa 
constant region. Through biochemical and immunological 
studies as described in previous section, (Figure 1 and 2), 
the humanized GHR106 revealed good potency when 
compared to that of parental mGHR106. Antibody and 
decapeptide GnRH analogs showed comparable affinity 
and specificity to N1-29 synthetic peptide of GnRH 
receptor as well as its native form in cancer cell extract 
[12]. Both mGHR106 and hGHR106 can induce apoptosis 
and complement-dependent cytotoxicity to cultured 
cancer cells in vitro. In summary, both murine and 
humanized GnRH analogs were demonstrated to be 
bioequivalent to GnRH decapeptide analogs based on the 
reported in vitro biochemical and immunological studies 
[12,20,21]. 
 
Potential Applications of Humanized GHR106 as Anti-
Cancer Drugs: In view of the high specificity and affinity 
of GHR106 to human, GnRH receptor, humanized GHR106 
may be an alternative GnRH analog to the corresponding 
decapeptide ones [3,16,19]. Both GnRH peptide analogs 
and GHR106 (mGHR106 and hGHR106) exhibit very 
similar functional and biological activities to GnRH 
receptor expressed on the surface of most cancer cells. 
However, GHR106 has a much longer circulation half-life 
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compared to peptide analogs and are capable of inducing 
complement-dependent cell lysis through CDC reactions 
[9-13]. In contrast, such reactions do not exist in the 
GnRH peptide analogs. The long half-life of GHR106 may 
have unexpected benefit over the peptide ones for more 
effective treatments of human cancer [9-13]. Furthermore, 
bioactive hGHR106 fragments can also be generated 
through established bio-engineering methods for 
adoption of versatile clinical applications in the future 
[15,19,25,26]. Based on these considerations, hGHR106 
and its smaller bioactive antibody fragments may have 
potential clinical applications similar to those of 
decapeptide GnRH analogs not only in cancer, but also 
many gynecological indications [10,11,19, 26]. 
Similar to GnRH decapeptide analogs, treatment 
withGHR106 may also affect pituitary functions to inhibit 
gonadotropin release. However, such side effects may not 
be critical during the short term cancer treatments.  
 

Strategies of Antibody-Based Cancer Therapy 

     Basically, two strategies are currently available for 
clinical applications of hGHR106 or its bioactive antibody 
fragments in cancer therapy. One is the passive 
immunization of hGHR106 in gram or subgram quantity 
to cancer patients who are undergoing treatment. The 
other is CAR-T cell therapy. Basically, hGHR106 genes are 
packaged into a vector in a form of chimeric antigen 
receptors (CAR) [27,28]. Transfections of patients own T 
cells with CAR-related vector were performed for further 
expansion of T cells by in vitro culture. The transfected 
expanded T cells can result in hGHR106 expression to 
target cancer cells in vivo upon transfusion of the CAR-
transfected T cells [29,30]. 
 
     GHR106-related CAR-T system may represent a 
promising approach for cancer immunotherapy in the 
future. The gene for hGHR106 may be assembled in 
different forms including whole antibodies, bioactive 
fragments such as Fab, Fab’ or (Fab’)2 as well as 
recombinantly produced single chain antibodies (ScFv), 
the last of which are commonly used in CAR-T technology 
[31,32]. 
 
     Stable CHO cell lines secreting hGHR106 have been 
developed for large scale productions of hGHR106 and 
can be used for passive immunization as anticancer drugs. 
Preclinical studies by using hGHR106 are being carried 
out to meet the criteria of IND (initial new drug) 
development, as required by US FDA [15]. Therefore, 
preclinical and clinical studies of hGHR106 are warranted 
for successful development of the antibody-based anti-
cancer drugs with multiple indications [13, 17]. 
 

Discussion and Conclusions 

     In this mini-review, the generation and 
characterizations of a monoclonal antibody against 
human GnRH receptor, GHR106 were highlighted [9, 10]. 
The unique properties of this antibody specific to the 
extracellular domain of this receptor were demonstrated 
to be bioequivalent to GnRH and its decapeptide analogs 
[20, 21]. Due to difference in peptide sequence homology, 
GHR106 was shown to be highly specific to human and 
monkey receptor, but not to mouse [20, 21]. Both GHR106 
and GnRH analogs exhibit almost identical biological but 
not immunological properties [9, 20] including induced 
cellular apoptosis and binding specificity to many cancer 
cells [12, 21, 26]. However, GHR106 can induce 
complement-dependent cytotoxicity (CDC) to cancer cell 
and exhibits a much longer half-life (days vs. min/hrs) as 
compare to GnRH peptide analogs. Following 
humanization processes, humanized GHR106 (hGHR106) 
is virtually identical to murine GHR106 (mGHR106) in all 
biological and immunological properties to cancer cells 
[9-13]. Therefore, with the newly advanced CAR-T 
(Chimeric Antigen Receptor T cell Therapy) technology, 
the incorporations of hGHR106 gene into CAR-T format 
has been successfully carried out and validated for further 
preclinical and clinical studies [29, 30]. HGHR106 can also 
been produced in large scale for immunotherapeutic 
applications of many types of human cancer [15, 31, 32]. 
Therefore, it can be concluded that hGHR106 can serve as 
the long-acting alternatives of GnRH peptide analogs 
which are being utilized for cancer treatments or for 
numerous indications in fertility regulation [13, 17]. 
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