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Background Information
In 1987, a monoclonal antibody (Mab) designated as RP215 

was generated against OC-3-VGH ovarian cancer cell line [1]. This 
ovarian cancer cell line is of serus origin established in 1986. It has 
been employed as a model to conduct most of the anti-cancer drug 
development studies in this review [1]. RP215 was later shown to react 
with a carbohydrate-associated epitope, detected mainly in cancer cell-
expressed heavy chain of immunoglobulins and other immunoglobulin 
superfamily proteins designated in general as CA215 [2-4]. As 
demonstrated by several previous studies, cancerous immunoglobulins 
are essential for growth/proliferation of cancer cells, which was judged 
from several hypothesized mechanisms of actions as well as siRNA 
inhibition studies [5-7]. GHR106 Mab, on the other hand was found 
to react specifically with GnRH (Gonadotropin releasing hormone) 
receptor, which was widely expressed on the surface of almost all 
cancer cells [8-16]. This Mab was found to have biological actions 
similar to those of decade peptide analogs of GnRH [9,17], including 
their respective patterns in gene regulations, and induced apoptosis to 
ovarian and many other cancer cells [9,17]. However, this Mab has a 
much longer half-life than those of the peptide analogs (days vs. hours). 

Since ovarian cancer has the highest mortality rate among the 
known gynecological cancer in women [18], substantial efforts have 
been made in the past to search for antibody drugs which are effective in 

the immunotherapy of ovarian cancers [19]. By immunohistochemical 
studies, ovarian cancer cells in tissue sections revealed one of the highest 
positive staining with these two selected Mabs [20]. Therefore, OC-3-
VGH ovarian cancer cell line was used as the main model throughout 
the drug studies. The preliminary preclinical studies have been 
performed to evaluate these two potential anti-cancer drug candidates 
and to judge if they are suitable for applications in immunotherapy 
of ovarian cancer. Biochemical and immunological characterizations 
of the humanized forms of these two Mabs were performed to 
demonstrate the bioequivalence between these two isoforms and their 
corresponding murine Mabs. This might be one of the essential steps to 
validate humanized Mabs for future clinical trials in humans.

Humanized Antibodies to CA215, hRP215
To develop RP215-based anti-cancer drugs for human applications, 

it is essential to modify the original murine RP215 Mab into 
humanized forms [17,20]. The humanized versions of RP215 reported 
in this study, must be demonstrated to have affinity and specificity to 
CA215 comparable to or equivalent to, those of the original murine 
RP215, in particular, the antibodies or fragments with variable 
regions (Figure 1). For complete antibodies, the constant region of 
the heavy chain of IgG, and that of κ-light chain were constructed 
[20]. The humanized antibodies may be assembled in variety of forms 
including whole antibodies, fragments such as Fab, Fab’, and F(ab’)2, 
as well as recombinantly produced single chain antibodies which are 
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Abstract
Two monoclonal antibodies (Mab) were selected for development of anti-cancer drugs targeting ovarian cancer. 

RP215 Mab was shown to react with a carbohydrate-associated epitope detected mainly in the heavy chains of 
cancer cell-expressed immunoglobulins which are essential for the growth/proliferation of almost all human cancer 
cells. GHR106 Mab, on the other hand, reacts specifically with GnRH receptor on the surface of almost all cancer 
cells. In this review, efforts were made to use an ovarian cancer cell line, OC-3-VGH as the experimental model 
to study these two Mabs in murine and humanized isoforms including humanization, comparative biochemical 
and immunological characterizations. Surface binding of either of these two Mabs can result in apoptosis and 
complement-dependent cellular cytotoxicity to this ovarian cancer cell line and others. Both murine Mabs were 
humanized and shown to be bioequivalent with respect to affinity and biospecificity to their murine counterparts 
through extensive biochemical/immunological studies. Therefore, preclinical and clinical studies were warranted to 
continue the investigations of these two potential anti-cancer drug candidates for therapeutic treatments of ovarian 
cancer.
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immunoactive to CA215. The resulting humanized forms and the 
murine RP215 usually contain substantially similar or identical CDR 
regions. CDR regions of the variable regions of both IgG chains can be 
determined by a numbers of known methods including that of Wu and 
Kabat and Clothia et al. [21,22].

Sandwich and/or binding immunoassays were used to demonstrate 
the substantial equivalence between humanized forms and murine 
RP215 [20]. Their respective affinity and specificity to the cognate 
antigen, the cancer cell-expressed CA215, are two important parameters 
to establish their substantial equivalence. The comparative binding 
curves of murine RP215 (or chimeric RP215) and other humanized 
isoforms are presented in Figure 2. These binding immunoassays were 
performed by using affinity-purified CA215 coated on microwells 
in order to determine the relative binding degree of coated CA215 
to these humanized RP215 Mabs and to compare with that to the 
original murine RP215. CA215 was affinity-purified by RP215-linked 
affinity column from the shed culture medium from cultured OC-3-
VGH ovarian cancer cells. As shown, all of the humanized isoforms 
including FY1to FY6 have comparable affinities with RP215. Estimates 
of affinity constants are given in Table 1A. The one with the highest 
affinity (FY4) was shown to have a dissociation constant (Kd) of 4.4 nM 
to CA215. It was found to be comparable to that of the original murine 
RP215 Mab (4.2nM).

Previously, RP215 was established to have no cross-reactivity to 
normal human IgG. It reacts only with cancer cell-expressed CA215 
that contains RP215-specific carbohydrate-associated epitope [23-
26]. Therefore, the humanized RP215 Mab should also have no cross-
reactivity to normal human IgG as expected through the results of 
binding assay [20]. The complete amino acid sequences of both heavy 
and light chains of the finally selected humanized RP215 Mabs are 
presented in Figure 1 for comparisons. Comparisons in sequence 
homology of different FR and CDR regions between murine and 
selected humanized isoforms are also presented in Table 2.

Humanized Forms of Monoclonal Antibodies to 
Human GnRH Receptor, hGHR106

GHR106 Mab is of murine origin and was converted to humanized 
forms designated as hGHR106 through the established procedures 
as described for hRP215 [20]. GHR106 recognizes specifically the 

extracellular domains of human GnRH receptor, which is highly 
expressed on the surface of cancer cells of many human tissue origins 
[8-16]. hGHR106 can be utilized for therapeutic applications in GnRH 
hormone sensitive ovarian cancers and others as well as in the control 
of fertility regulations [27-29].

GHR106 was generated in mice immunized against synthetic 
peptides corresponding to N1-29 amino acid residues of the 
extracellular domains of human GnRH receptor and was found to 
behave like GnRH analogs, but with a much longer half-life than the 
decade peptide GnRH analogs known for their clinical indications 
in the field [30]. GnRH analogs have been used as drugs for fertility 
regulations to treat a variety of clinical conditions, such as ovulation 
disorders, endometriosis, uterine fibroids, precocious puberty and 
some types of cancers [27-29].

Figure 1: Comparisons of amino acid sequence of mRP215 Mab and three 
different hRP215 Mabs in the Fab regions of RP215 Mabs. The FR/CDR 
domains are defined along with the deduced sequence for comparisons.
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Figure 2: Binding immunoassays using affinity-purified CA215 coated 
microwells to determine the binding affinities of these humanized RP215 to 
CA215 and to compare with that of the original murine RP215.All of FY1-FY6 
humanized isoforms have comparable affinities to RP215. Figure legends:  

 : Neg. control,   : RP215 chimera,  : FY1,  : FY2,  : FY3,  : 

FY4,  : FY5,  : FY6. 

Table 1A: The estimates of dissociation constants of humanized RP215 and other 
different forms.

Name of Antibody Apparent Titer (nM)
Negative control NA
RP215 chimera (with human IgG) 4.2
FY1 5.7
FY2 13.1
FY3 8.4
FY4 4.4
FY5 9.6
FY6 7.1

Table 1B: The estimates of dissociation constants of humanized GHR106 and 
other different forms.

Name of Antibody Apparent Titer (nM)
Negative control 326
H64L42 13
H65L42 50
H66L42 43
H40L42 7
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Biochemical and immunological experiments were employed to 
demonstrate that murine GHR106 has high specificity and affinity to 
GnRH receptor [17]. In vitro apoptotic and anti-proliferative assays, 
were performed to document that GHR106 at µg/ml concentration 
range reacts with the surface of almost all cancer cells or cancerous 
tissues in humans, similar to the biological actions of those decade 
peptide GnRH analogs [9,17].

Complement-dependent cytotoxicity (CDC) reactions can be 
induced in cancer cells in the presence of µg/ml range of murine 
GHR106. Growth inhibition by murine GHR106 of tumor cells 
implanted in nude mice with OC-3-VGH ovarian cancer cells was also 
demonstrated in nude mouse models [9,20,31]. However, it is essential 
to modify the original murine GHR106 Mab into humanized forms, 
prior to therapeutic applications as anti-cancer or fertility regulation 
drugs in humans. 

Process of humanization of murine GHR106 Mab

For humanizations of GHR106, human framework donor 
selection was made through search of germline. This was followed 
by rearrangement of the human IgG data base by using VL and VH 
sequence with or without CDRs [9]. For VL and VH sequences, the best 
hits in each group were aligned. Finally, one germline FR donor and 
one rearranged (mature) FR domains based on sequence similarity 
and other factors were selected. These factors included CDR length, 
canonical structure, proline residues at key positions or factors which 
may affect proper folding of humanized antibody. The homology 
modeling was used to obtain template antibody structure by search of 
the PDB data base for template antibody VL and VH sequences with 
or without CDR. The antigen binding region of the antibody structure 
model was optimized through the CDR loop data-base and canonical 
structure class as well as comparison with the template structure. 
Structural modeling’s as well as back mutation were performed to those 
residues that are predicted significantly to affect CDR loop structure. 
Based on these considerations, combinations of back mutation were 

designed to balance the minimal requirements of such process. Low 
immunogenicity to humans and maximal preservation of antigen-
binding affinity are obtained. After four rounds of humanization 
designs, several humanized GHR106 Mabs are generated, expressed 
and affinity-purified.

To perform antigen binding assays, cancer cell-coated microwell 
plates were used to test the affinity of antibodies. Supernatants 
containing the various recombinantly-produced antibodies from 
transfected CHO cells were serially diluted and added to cell-coated 
wells for 1 hr incubation at 37°C. The wells in plates were subsequently 
washed with wash buffer; and then incubated with HRP-conjugated 
goat anti-human IgG for color development (20 min to 1 h). The color 
intensity was determined spectrophotometrically by a microplate 
reader. All humanized isoforms were produced with human IgG1 
heavy chain constant regions and light chain Kappa constant regions. 
Humanization of GHR106 has been successfully completed after fourth 
rounds of humanization. All of these humanized light chains and 
heavy chains showed good potency, comparable to those of mGHR106. 
H40 and L42 were selected for later humanized antibody assays and 
appeared to be the best humanized pair with comparable potency 
as the parental mGHR106 with a dissociation constant (Kd) of 7.0 
nM to GnRH receptor on cancer cells (Table 1B). This antibody was 
designated as hGHR106 and mass produced by a typical in vitro culture 
with minibioreactors. Amino acid sequences of heavy chain and light 
chain of several humanized forms of GHR106 with those of murine 
GHR106 are shown in Figure 3 for comparisons. Also for comparisons 
are sequence homologies in the CDR and FR regions of murine and 
humanized isoforms presented in Table 3. 

Comparative Biochemical and Immunological Studies 
for Demonstration of Bioequivalence

mRP215 and hRP215 were employed to assess the bioequivalence 
of their respective ability to induce apoptosis to cancer cells in culture. 
At either high (10 µg/ml) or low (1 µg/ml) concentrations of RP215, 

Table 2: Comparisons of amino acid sequences homology in the FR and CDR domains in the Fab region of hRP215and mRP215.

Immunoglobulin chain Region Number of Similarities Percent Similarities
FR1 23/30 77%
FR2 11/14 79%
FR3 25/38 66%

Heavy Chain Subtotal 59/93 63%
JH 10/11 91%

Subtotal 10/11 91%
CDR1 5/5 100%
CDR2 10/11 91%
CDR3 4/4 100%

Subtotal 19/20 95%
Total 88/124 71%

FR1 15/23 65%
FR2 13/15 87%
FR3 30/34 88%
FR4 10/10 100%

Light Chain Subtotal 68/82 83%
CDR1 17/17 100%
CDR2 5/5 100%
CDR3 9/9 100%

Subtotal 31/31 100%
Total 99/103 96%

Heavy and Light Chain Total 187/227 82%
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Generally speaking, there are several commonly known applications 
for these two humanized monoclonal antibodies, when utilized for 
immunotherapy of ovarian cancer. These humanized antibodies can 
be infused separately to patients and will target specifically the sites of 
ovarian cancer inside the human body to induce apoptosis as well as 
CDC reactions of ovarian cancer cells as demonstrated previously by 
cell-based in vitro assays as well as in vivo nude mouse experimental 
models [20].

Alternatively, these antibodies can be chemically modified with 
attachments of cytotoxic drugs of small molecules followed by infusion 
for further enhancement of cytotoxic activities in vivo. These antibodies 
can also be radio-labeled with I131 or others. As demonstrated previously 
with I131-labeled murine RP215 monoclonal antibody was shown to 
enhance the cytotoxicity of cancer cells by these modified antibodies 
[20].

In view of the fact that these two Mabs were shown to target cancer 
cells of different tissue origins, their therapeutic applications in human 
cancer will certainly not be limited to that of ovary. Other indications 
including that of lung, stomach or breast will be considered in the 
near future, when the therapeutic efficacy with ovarian cancer can be 
demonstrated.

As demonstrated in this study, humanized forms of RP215 

both were shown to induce apoptosis when analyzed by TUNEL assay 
[9]. In contrast, incubations with normal mouse IgG or human IgG 
of the same concentrations do not have any significant effects on the 
apoptosis of cancer cells (Figure 4A).

Similar experiments were also performed to compare between 
mGHR106 and hGHR106 for induced apoptosis of cancer cells. Results 
indicated that both were found to induce apoptosis of cancer cells even 
at the concentration of 1 µg/ml. Results of these studies are presented 
in Figure 4B.

CDC assay was also employed to demonstrate the bioequivalence 
between murine and humanized antibodies in inducing complement-
dependent cytotoxicity. Both forms of RP215 Mabs were found to have 
significant CDC to cultured cancer cells. Similarly, both murine and 
humanized forms of GHR106 Mabs were also found to be biosimilar 
inducing CDC to cultured cancer cells even at concentration range of 
1-10 µg/ml. Results of such comparative analysis are summarized in 
Figure 5A. In contrast, GnRH antagonist, Antide, did not exhibit any 
activities for CDC as expected under the same molecular concentration 
range [31] and culture conditions. Both mGHR106 and hGHR106 are 
equally effective in inducing CDC to OC-3-VGH ovarian cancer cells 
as well as others (Figure 5B).

Discussion
Based on many previous biochemical and immunological studies, 

two murine Mabs (RP215 and GHR106) were selected as candidates 
for anti-cancer drug development targeting ovarian cancer [7,9,20,31].

The molecular mechanisms of action of these two Mabs have been 
more or less elucidated through in vitro studies [7,9,20,31]. RP215 
reacts mainly with a carbohydrate-associated epitope on the heavy 
chains of immunoglobulins expressed by cancer cells (CA215). RP215 
serves to block activities of cancer cell-expressed immunoglobulins 
which are essential for growth/proliferation of cancer cells [5,6,32]. On 
the other hand, GHR106 serves as GnRH analogs of decapeptides [27]. 
Both GHR106 Mab and GnRH analogs were found to affect growth 
inhibition or induce apoptosis of cancer cells upon the surface receptor 
bindings [9,27]. Furthermore, GHR106 also induces CDC activity due 
to specific antibody binding on cancer cell surface. In contrast, peptide 
analogs of GnRH do not have such a CDC activity which is unique to 
the surface-bond antibodies [9,27].

Figure 3: Comparisons of amino acid sequence of mGHR106 Mab and three 
different hGHR106 Mabs in the Fab regions of GHR106 Mabs. The FR/CDR 
domains are defined along with the deduced sequence for comparisons.
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Figure 4: (A) Induced apoptosis on treated cultured OC-3-VGH cancer cells 
by normal mouse IgG (NmIgG) (Lane 1), normal human IgG (NhIgG) (Lane 
2), mRP215 (Lane 3), and hRP215 (Lane 4) for 24 hour incubation. Open 
and solid column represent 1µg/ml and 10 µg/ml, respectively of the ligands 
used for the apoptosis assay. (B) Induced apoptosis on treated cultured OC-
3-VGH cancer cells by normal mouse IgG (NmIgG) (Lane 1), normal human 
IgG (NhIgG) (Lane 2), mGHR106 (Lane 3), and hGHR106 (Lane 4) (10 µg/
ml). Solid and open column represent the corresponding data obtained for 24 
hour or 48 hour incubation, respectively. Statistical significance at *: p<0.01 
and **: p<0.001, see Reference [23,27]. 
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and GHR106 Mabs have been successfully generated. Further 
characterizations of these humanized counterparts revealed that the 
humanized and murine isoforms are bioequivalent in terms of the 
affinity and specificity to their respective cognate antigens, CA215 and 
human GnRH receptor (Figure 4 and 5).

The affinity constants between various RP215 isoforms were 
determined by typical EIA binding assays (Figure 2 and Table 1). 
The ones with affinity closer to the original murine RP215 (~4nM) or 
human/mouse chimeric RP215 were selected for scale up productions 
and subsequent characterizations. TUNEL Apoptosis assays and 

CDC assays were employed to evaluate the biosimilarity between the 
murine and humanized forms of RP215 as shown in Figure 4A. Similar 
evaluations of murine and humanized GHR106 also led to the same 
conclusion of their biosimilarity (Figure 5A).

The dissociation constants (Kd’s) of humanized RP215 and 
GHR106 Mabs were determined to be comparable to those of murine 
counter parts. Therefore, with an in vivo administration of 20 mg/kg 
body weight which is maximally tolerated, the average concentration 
of infused humanized antibody may be on the order of 250 µg/ml 
(assuming 50 kg body weight) in human circulation. This concentration 
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Figure 5: (A) Complement-dependent cytotoxicity (CDC) assay to demonstrate the effect of mRP215 Mab and its humanized form, hRP215 Mab, on the complement-
dependent cell lysis of OC-3-VGH ovarian cancer cells (2 hour incubation). Lane 1: no treatment (control); Lane 2: 3 µL freshly prepared rabbit baby complement/mL 
(C); Lane 3: normal human IgG (10 µg/ml plus complement) (NhIgG+C); Lane 4: normal mouse IgG (10 µg/ml plus complement)(NmIgG+C); Lane 5: hRP215 (10 
µg/ml plus complement) (hRP215+C); Lane 6: mRP215 (10 µg/ml plus complement) (mRP215+C). Statistical significance at * P<0.01and ** P<0.001 with error bar 
indicated for duplicated experiments. (B) Similar experiments of mGHR106 Mab and its humanized form, hRP215 Mab on the complement-dependent cell lysis of 
OC-3-VGH ovarian cancer cell. See Reference [23,27].

Table 3: Comparisons of amino acid sequences homology in the FR and CDR domains in the Fab region of hGHR106and mGHR106.

Immunoglobulin chain Region Number of Similarities Percent Similarities
FR1 24/30 80%
FR2 12/14 86%
FR3 27/37 73%
FR4 11/11 100%

Heavy Chain Subtotal 74/82 80%
CDR1 5/5 100%
CDR2 11/11 100%
CDR3 10/10 100%

Subtotal 26/26 100%
Total 100/108 93%

FR1 16/23 70%
FR2 14/15 93%
FR3 31/34 92%
FR4 9/10 90%

Light Chain Subtotal 70/82 85%
CDR1 17/17 100%
CDR2 5/5 100%
CDR3 8/8 100%

Subtotal 30/30 100%
Total 100/112 89%

Heavy and Light Chain Total 200/220 91%
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is approximately 300 fold higher than that of the Kd’s. Based on this 
estimate, the maximum therapeutic efficacy can be easily achieved, 
given the fact that there humanized antibodies have an average half-life 
of 5-15 days.

Amino acid sequence homologies in the variable regions (CDRs 
and FRs) between humanized and murine isoforms of either RP215 or 
GHR106 were compared. As shown in Table 2 and 3, it was revealed that 
the majority of alternations were found in the FR regions (homology 
65% to 100%) and CDR regions, on the other hand, are kept relatively 
intact (homology ≥ 91%). Nevertheless, the biosimilarity between 
murine and humanized isoforms could be demonstrated through the 
binding assay as well as related biological and immunological studies 
(Figure 4 and 5).

Consistent with our previous observations, a recent report by Yu 
et al. revealed that RP215 and its single chain Fab fragments were 
found to inhibit many cancer cells by inducing cell cycle arrest at G0/
G1 phase in breast cancer [33]. Therefore, the mechanism of RP215 to 
inhibit cell cycle regulations can be supported by this observation. We 
believe that RP215 which targets the “sugar” epitope mainly on cancer 
immunoglobulins and induces cell growth inhibition can be a good 
basis for future anti-cancer drug developments.

Based on the results of our current evaluation studies, biosimilar 
humanized RP215 and GHR106 Mabs have been successfully generated, 
produced and characterized. Preclinical evaluations should be 
warranted and may lead to successful developments of these two anti-
cancer drugs for the immunotherapy of ovarian cancers [4,9,20,34].
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