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ABSTRACT 
During the last two decades, our laboratory has identified and studied 
a GHR106 monoclonal antibody which was generated against N1-29 
oligopeptide located in the extracellular domains of human GnRH 
receptor. GHR106 was shown to exhibit bioactivities as GnRH antagonist, 
similar to those of small molecules such as Cetrorelix and Elagolix, except 
that former has a much longer half-life (days vs. hours). Previous studies have 
indicated that GnRH receptor is localized mainly in anterior pituitary and 
placenta during pregnancy as well as other reproduction-related tissues in 
minor amount. It was also known that GnRH receptor is highly expressed 
among different cancer cells. By using GHR106 and other GnRH antagonists 
as the target probe, the biological functions of GnRH receptor were found 
to be tissue-dependent. When acting on the pituitary receptor, GHR106 can 
cause reversible suppressions of reproductive hormones, such as 
gonadotropins, E2 and progesterone, whereas HCG and E2, progesterone 
were suppressed upon targeting to placental GnRH receptor to cause 
pregnancy terminations. Therefore, we believe that GHR106 is a suitable 
long acting GnRH antagonist for control of fertility regulations and 
terminations of ectopic pregnancy and can be used to treat numerous 
related gynecological diseases. On the other hand, when targeting the same 
receptor on cancer cells, GHR106 will induce cellular apoptosis to almost 
all cancer cells. Therefore, GHR106 is also beneficial to immunotherapeutic 
applications of many human cancers, irrespective of their hormone 
dependence. Additional modifications of this unique antibody are likely in 
the future, including CAR (chimeric antigen receptor)-T cell constructs, 
bispecific antibody formulations and/or antibody drug conjugates. Based 
on our comprehensive studies, GHR106 can be developed into antibody 
drugs of multi-indications and could be more beneficial to the existing small 
molecular GnRH antagonists. 
Keywords: GHR106, Antibody-based GnRH Antagonist, Fertility Control, 
Cancer Immunotherapy 
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I. Introduction 
Gonadotropin releasing hormone (GnRH) is a 
decapeptide hormone from hypothalamus which was 
discovered initially to act on GnRH receptor located in 
the anterior pituitary1. The main function of GnRH 
receptor is to stimulate the release of gonadotropins (LH 
and FSH) and subsequently the productions of E2 and 
progesterone in reproductive tissues1. In view of the short 
half-life (minutes), the structure of native GnRH receptor 
was modified into analogs of longer half-life (hours), or 
even higher affinity2. They were in general classified into 
agonist or antagonist, depending on their relative 
bioactivities to stimulate or inhibit the hormone releases 
upon specific interactions1. Several small organic 
molecules were also created to serve as GnRH 
antagonists, comparably to those of decapeptide GnRH 
analogs3,4. Besides anterior pituitary, GnRH receptor is 
also expressed in placental tissue to promote HCG 
productions as well as the subsequent hormone release of 
E2 and progesterone during early stages of pregnancy5,6. 
 

The mechanisms of actions of placental GnRH and GnRH 
receptor were known decades ago1,2. In addition, 
widespread expressions of GnRH receptor on many 
cancer cells were also well known1,2,7. Based on these 
previous observations, it is apparent that GnRH analogs 
may play differential roles or biological actions upon 
interactions to the same GnRH receptor distributed in 
different tissues1,2,8. Therefore, GnRH antagonists of 
different formulations may be beneficial to various 
disease treatments. 
 

Soon after the structural elucidation of human GnRH 
receptor, numerous monoclonal antibodies have been 
generated against the extracellular domains of this 
membrane-bound receptor for binding and specificity 
studies2,7. Since the last decade, our effort has been 
focused on the biological activities associated with the 
receptor interactions and their correlations with other 
types of known GnRH antagonists3,4. Through years of 
efforts, GHR106 monoclonal antibody was among the 
one selected for further investigations in terms of its 
biological activities and potential clinical applications. In 
this review, GnRH antagonistic activities of GHR106 are 
described and compared with known ones for future 
broad clinical applications9,10.  
 

II. GHR106 as Antibody-based GnRH 
Antagonist 
II-1. Binding specificity studies. Upon generations of 
monoclonal antibodies by employing the established 
hybridoma technology, binding studies were performed 
initially with cancer cell lines including methods of 
immunohistochemical staining (IHC), Western blot, RT­PCR 
as well as indirect immunofluorescence9.  Almost all of 
the thirty cancer cell lines including those of the placental 
origin were positively stained (> 95%) by either of the 
above methods9. This observation indicated the universal 
expressions of GnRH receptor among all cancer cells. Due 
to the lack of suitable immunological probes, GnRH 
antagonists of small molecules such as Cetrorelix or 
Elagolix are not used for comparative studies. 
 
II-2. Tissue Distributions of GnRH Receptor as probed by 
GHR106. Besides the high positive expressions of GnRH 

receptor among many permanent cancer cell lines, as 
detected by GHR106, the same methods were also 
performed with cancerous tissues or sections. It was 
generally observed that positive incidence of GnRH 
receptor expressions varied with cases as well as the 
methods (43-100%).  However, they are not associated 
with any tissue origins and listed as follows: breast (52-
60%), ovary (78-80%), endometrium (77-100%), 
prostate (86-100%), brain (43%) and pancreas (57-
100%)2. 
 

II-3. Comparative Induced Cellular Apoptosis Studies with 
Culturing Cancer Cells. Comparative apoptosis studies 
were performed with GHR106 antibody (1-10 µg/ml) 
and a decapeptide antagonist, Antide (1µg/ml) in the 
presence of more than 10 different cell lines in culture, 
including those of ovary, prostate, breast and lung origins. 
Typical results of such analysis by the TUNEL assays are 
presented in many of previous studies for comparisons9,10. 
GHR106 monoclonal antibodies in murine or humanized 
forms are included for such comparative studies, and 
found to have little difference in terms of the degree of 
apoptosis. The sensitivity of such an apoptosis assay can 
be as low as 1 µg/ml (about 10 nM for the antibody-
based GHR106. The binding affinity or Kd of GHR106 
to GnRH receptor was estimated to be around 2-4 nM 
through typical binding assays.  In conclusion, the ability 
of GHR106 to induce apoptosis in vitro is comparable to 
that of the decapeptide analogs based on the molar 
ratios9-11. 
 

III. Functional Studies of GHR106 
Interactions with GnRH Receptor expressed 
by different Normal and Cancer Cells for 
potential Clinical Applications 
During the past decade, GHR106 as a long acting 
antibody-based GnRH antagonist was established to 
have comparable biological activities to those of 
antagonists of small molecular size3. GHR106 is known to 
react with N1-29 extracellular domain peptide of GnRH 
receptor with a similar affinity (Kd 2-4 nM) to that of the 
whole receptor from well-coated cancer cells7. Many 
biological and immunological studies were performed 
and highlighted in the following sections11. 
 

III-1. Nude mouse experiments were demonstrated to 
reveal the anti-tumor efficacy of GHR106. Upon 
implantations of HepG2 liver cancer cells to nude mice, 
dose-dependent reduction of tumor volume were 
observed, upon two injections of GHR106 at dose of 1-
2mg/Kg. No significant body weight changes during the 
20-day study period were observed as compared to 
those of the negative control10.  
 

III-2. Proof of Concept rabbit experiments were 
performed to demonstrate the targeting actions of 
GHR106 on pituitary GnRH receptor12. Upon a single 
injection of GHR106 (1-3 mg/Kg) to rabbit, suppressions 
of gonadotropins (LH/FSH) together with related 
reproductive hormones such as estradiol (E2) in the 
female and testosterone in the male were observed over 
1-2 weeks period (Figure 1 and Figure 2). The results of 
these studies revealed that GHR106 can serve 
as antagonist similar to those of small size analogs. 
However, we believe that GHR106 with its long half-life 
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may be beneficial to the treatments of certain 
gynecological and fertility related diseases, as 
compared to the current ones10,11.  
 
 

 

Figure 1. Hormoral profiles of serum LH (● ) and testosterone ( ▲ ) of a male rabbit upon one single injection of 3 
mg/kg of GHR106 (hIgG4) on day 1.  

 

 

Figure 2. Hormoral profiles of serum LH (● ) and Estradiol (E2) (▲  ) of a female rabbit upon a single injection of 3 
mg/kg of GHR106 (hIgG4) on day 1.  
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III-3. Cellular apoptosis was induced by GHR106 and 
other known GnRH antagonists (e.g. Antide), suggesting 
that similarity in gene regulations was observed9,10. By 
using semi-quantitative RT-PCR methods, as many as ten 
genes were selected for expression level changes upon 
the ligand bindings. GHR106 and a peptide analog, 
Antide, were used for such comparative studies. The 
results of such studies suggest that gene regulations 
change upon the binding of these two ligands are highly 
correlated (90-95%), indicating almost identical 
mechanisms of actions between GHR106 and Antide13. 
 
III-4. Our studies also suggest that GHR106 reacts to 
placental GnRH receptor, similar to those of other analogs 
to suppress the release of HCG and other related 
reproductive hormone, leading to the pregnancy loss. 
Further studies are currently in progress5,6. This 
observation could have important implications for 
terminations of ectopic pregnancy in future clinical 
applications of long acting GHR106. 
 
III-5. Cancer Immunotherapy with Applications of 
GHR106-CAR-T Cell Construct. CAR-T (Chimeric antigen 
receptor-transfected T Cell) technology has been evolved 
for new applications in cancer immunotherapy. Following 
immunizations, GHR106 in humanized forms are 
produced and ScFv (single chain variable fragments) 
formulated into GHR106 (ScFv)-CAR-T cell construct. The 
CAR-transfected T cells can be perfused back to the 
autologous individual to induce cytotoxic killings of 
cancer cells in vitro or in vivo which will achieve the 
therapeutic objectives by an in vitro model study (with 
C33A, the cell lysis is validated by the cytokine release 
assays of IL-2, IL-7 and INF-gama which could be dose- 
and incubation time-dependent15.  
 

IV. Final Conclusion 
In this short review, our efforts to generate a new class 
of a long acting antibody-based GnRH antagonists are 
highlighted. Our extensive studies have revealed that 
GHR106 monoclonal antibody is bioequivalent to 
those of small decapeptide or organic compounds in 
terms of their respective biological activities in vitro and 
in vivo.  Therefore, GHR106 can be developed into 
alternative GnRH antagonist for diversified clinical 
applications. Basically, the biological functions of GnRH 
receptor in response to its binding to GnRH ligands or 

analogs are highly dependent on the nature of tissues. If 
GnRH receptor is located at the anterior pituitary, upon 
interactions with GHR106 as GnRH antagonist, reversible 
suppressions of reproductive hormones can be observed 
for as long as one to two weeks under physiological doses 
(1-3 mg/Kg bodyweight). When acting on placental 
GnRH receptor, during early pregnancy, GHR106 as 
GnRH antagonist will cause suppressions of HCG which 
will lead to the eventual pregnancy loss due to the 
insufficient support of the downstream reproductive 
hormones5. The tissue- specific targeting of GnRH 
receptor of GHR106 as GnRH antagonist can be used to 
treat numerous gynecological diseases due to 
improper modulations of GnRH receptors and/or fertility 
regulations. These include: premenstrual syndrome, 
precocious puberty, endometriosis, uterine fibroids and 
termination of ectopic pregnancy, etc.  
 
On the other hand, universal expressions of GnRH 
receptor among most of cancer cells or tissues are known 
for decades. Most of these receptor expressions carried 
no apparent association with reproductive hormones or 
functions. Upon interactions with GnRH antagonist, such as 
GHR106, cellular apoptosis can be induced to almost all 
cancer cells. These observations make GHR106 a useful 
drug for numerous applications in cancer immunotherapy. 
Among different types of cancer, some of which  are 
associated with reproductive hormones and may be 
suitable for targeting in cancer immunotherapy including 
breast cancer, gynecological cancers, and prostate 
cancer etc. In addition, the CDC and ADCC reactions of 
GHR106 may be beneficial to cancer therapeutics. 
Recently, advancement in cancer immunotherapy has 
enabled us to expand the utility/efficacy of GHR106 as 
anti-cancer drugs for therapeutic applications in the 
future. These include the formulations of GHR106-CAR-T 
cell construct, bispecific antibodies, as well as antibody 
drug conjugates15-17. 
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