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Introduction
It has been documented that immunoglobulins with undefined 

specificity are expressed by cancer cells in humans [1-10]. Recent 
studies have also indicated that these immunoglobulins are required 
for the growth and survival of cancer cells from different tissue 
origins in humans [4]. Hence, target-specific anti-cancer drugs can be 
developed, if we can identify unique biomarkers that can differentiate 
these cancer cell-expressed immunoglobulins from those originated 
from normal B cells.

RP215 is one of the three thousand monoclonal antibodies (Mabs) 
that we have generated against an ovarian cancer cell line, OC-3-VGH 
[11-13]. This antibody has been found to react specifically with a 
carbohydrate-associated epitope in the variable regions of cancer 
cell-expressed immunoglobulins, designated in general as CA215. 
More importantly, this specific epitope has not been found in normal 
human immunoglobulins [11,12]. Further studies have revealed that 
RP215 can inhibit tumor cell growth through its apoptotic or anti-
proliferative actions on cancer cells in vitro [14,15]. RP215 can also 
inhibit the growth of tumor cells in vivo as demonstrated by nude 
mouse experiments [16]. Through extensive molecular biological and 
immunohistochemical studies, RP215 has been shown to react with a 
broad spectrum of human cancer cells or tissues which express CA215 
either on the cell surface and/or in secreted form [11]. Judging from 
these experimental observations, RP215 may be a suitable candidate 
for the development of antibody-based anti-cancer drugs for different 

types of human cancer that express CA215, if humanized forms of 
RP215 can be produced [16]. Since the carbohydrate-associated 
epitope of CA215 is recognized specifically by RP215, antibodies 
raised against the Fab (or variable) sequence of RP215 should mimic 
the internal image of the epitope. These antibodies are designated 
collectively as anti-id or Ab2. Subsequent immunizations with selected 
anti-id or the corresponding Fab fragment can potentially induce an 
immune response (Ab3) equivalent to that of RP215. Therefore, in 
principle, the anti-id can serve as effective vaccine to replace the 
original antigenic epitope and elicit RP215-like immune reactions 
against cancer cells in vivo which could result in neutralization of 
cancer cells [14,15].

As a proof of concept, we have recently reported on the generation 
and preliminary characterization of polyclonal rabbit anti-id against 
RP215 [14,15]. However, it is impractical and ineffective to mass-
produce anti-id polyclonal antibodies without uniform properties for 
human applications as cancer vaccines. Therefore, rat anti-id Mabs of 
high affinity and specificity to RP215 may be a better starting point 
for human cancer vaccine development.

The molecular structure of RP215-specific carbohydrate-associated 
epitope has not yet been fully elucidated and highly purified CA215 
bearing this unique epitope is still not available for further analysis. 
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Abstract
Background: RP215 monoclonal antibody (Mab) was shown to react specifically with the unique carbohydrate-

associated epitope located in the variable regions of cancer cell-expressed immunoglobulins known as CA215. This 
Mab was shown to inhibit the growth of a variety of cancer cells in vitro or in vivo. Anti-idiotype (anti-id) Mabs against 
RP215 were generated and characterized for future development of epitope-specific anti-cancer vaccines in humans.

Results: Following successful immunization of rats with F(ab’)2 fragments of RP215, rat anti-id Mabs were 
established for biochemical and immunological characterization. Subsequent immunizations of mice with purified rat 
anti-id Mab revealed significant anti-anti-id antibody (Ab3) responses. In immunohistochemical studies, both Ab3 and 
RP215 reacted positively with various cancer cells lines and with comparable staining intensities. Both RP215 and Ab3 
inhibited significantly the growth of cancer cells in vitro by means of TUNEL assay. To document that the RP215-specific 
epitope is carbohydrate-associated, the absence of RP215-epitope expressions upon culturing of cancer cells in serum-
free medium was demonstrated. Experiments confirmed that the expression of RP215-specific epitope was dependent 
on the presence of carbohydrate precursors in culture media.

Conclusion: Judging from these observations, anti-id Mabs which carry the internal image of RP215-specific 
carbohydrate-associated epitope can be suitable candidates for anti-cancer vaccine development in humans.
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So far, the anti-cancer efficacy of RP215 and its humanized forms 
have only been evaluated with cancer cells in vitro or with partially 
purified CA215 preparations. Therefore, in this study, efforts were 
made to generate and characterize rat anti-id Mabs against RP215 
to further explore its potential for cancer vaccine development in 
humans [18-20]. Experiments were also performed by manipulating 
the cell culture conditions to further understand the immunogenic 
nature of the carbohydrate-associated epitope recognized by RP215.

Materials and Methods

Antibodies

RP215 monoclonal antibody (Mab) was generated by 
immunization of BALB/c mice with the extract of OC-3-VGH ovarian 
cancer cells followed by subsequent cell fusion, screening and 
characterization as described previously [13]. Through extensive 
biochemical and immunological studies, RP215 was shown to 
recognize a carbohydrate-associated epitope located in the variable 
regions of cancer cell-expressed immunoglobulins, known as CA215 
[11,12]. Anti-idiotype (Anti-id) Mabs were generated in rats with 
F(ab’)2 fragments of RP215 as the immunogen. F(ab’)2 fragments of 
RP215 were produced by pepsin digestion as described previously 
[14,15]. Following three repeated immunizations at monthly 
intervals, cell fusion between the spleen cells of immunized rats and 
rat myeloma cells (Y3) was performed [20-22]. More than 1000 hybrid 
clones were initially screened. Finally, nine hybrid cell lines were 
established and shown to secrete anti-id Mabs which exhibited high 
specificity and affinity to the F(ab’)2 fragments of RP215, but not to 
those of normal mouse IgG. The affinity of rat monoclonal antibodies 
to RP215 was ranked by and established method using ELISA with 
microwells coated with F(ab’)2 of RP215 [23]. One of the rat anti-id 
Mabs designated as R15H6 was shown to reveal the highest binding 
affinity to RP215 and further purified from large-scale, cell-cultured-
shed media by immunoaffinity chromatography with RP215-linked 
affinity gel as described previously [13].

Anti-anti-id (Ab3) sera were generated in BALB/c mice to induce 
Ab3 responses. Typical immunizations were performed with F(ab’)2 
fragments of R15H6 monoclonal antibody as the immunogen. After 
the fourth immunization, Ab3 sera from three immunized mice 
were collected separately for further characterization by various 
biochemical and immunological methods.

Immunoassays

The specificity of rat anti-id Mabs was determined by enzyme-
linked immunosorbent assays (EIA) targeting at RP215 or F(ab’)2 
fragments of RP215. In the former, rat anti-id Mabs in hybridoma 
culture supernatants were incubated with microwells coated with 
RP215 and HRP-labeled RP215 in a sandwich enzyme immunoassay 
for one hour at 37ºC as reported previously [17]. In the latter, the 
binding assay was performed between rat anti-id Mabs and microwells 
coated with F(ab’)2 fragments of RP215 before adding alkaline 
phosphatase-labeled goat anti-rat IgG as the secondary antibodies in 
a typical ELISA [11]. The relative binding affinity of RP215 to CA215 
or to R15H6 Mab was also studied with ELISA using wells coated with 
affinity purified CA215 or R15H6 Mabs, respectively. Appropriate 
positive and negative controls were included in all the immunoassays 
to ensure the validity of the assay results.

Immunohistochemical staining studies and Western blot assay

The ability of RP215 and mouse anti rat anti-id (Ab3) sera to react 
with human cancer cells from more than twenty different cell lines was 

assessed by immunohistochemical staining and Western blot assay. 
Detailed procedures of immunohistochemical staining studies using 
the avidin-biotin complex (ABC) method (Vector Lab, Burlingame, Ca) 
were described previously [16]. For studies with Ab3 sera, both rat 
IgG and human IgG of 10μg/mL were included in the assay during 
the first step of incubation to eliminate any possible cross-reactivity 
between rat IgG and human IgG during the staining of cancer cells. 
Western blot assay was performed using SDS-PAGE (with or without 
reducing agent) for OC3-VGH cell extract. This was followed by 
incubation of the blot-transferred membrane with primary antibodies 
containing RP215 or Ab3 in comparative studies. The protein bands 
were detected with the alkaline phosphatase-labeled goat anti-mouse 
IgG as the secondary antibodies before adding the substrate (BioRad, 
Richmond, Ca) for color development.

Study of apoptosis by TUNEL assay

The TUNEL assay was performed to assess apoptosis of cultured 
cancer cells in vitro upon incubation with RP215 or Ab3 sera. Details 
of the TUNEL assay were presented previously [14,15]. Briefly, cells 
from cancer cell lines were cultured in RPMI-1640 containing 10% 
fetal calf serum. RP215 (10μg/mL) or Ab3 sera (1:1000 dilution) 
were added to the cultured cancer cells for 24, 48 and 72 hours of 
incubation. At the end of incubation, cells were harvested and TUNEL 
assay was performed using In Situ Cell Death Detection Kit, POD 
(Roche Diagnostics, Canada) according to instructions provided in 
the package insert. Normal mouse sera of the same concentrations or 
dilutions served as negative controls. Percent increases in apoptosis 
of treated cells were compared with those of negative controls. 
Analysis of variance was used to compare experimental results and 
statistical significance was defined at a P value of < 0.05.

Culture of cancer cells in serum-free and serum-supplemented 
media

Experiments were performed to determine if carbohydrates or 
their precursors were required for the expression of RP215-specific 
epitope found in cancer cell-expressed CA215. OC-3-VGH ovarian 
cancer cells were cultured separately in serum-free (FS293 serum 
free medium, Invitrogen) and serum-containing media (10% bovine 
calf serum in RPMI-1640) for 48 hours. CA215 in each culture shed 
medium was assayed using RP215-based ELISA kit and Western blot 
assay to determine the relative activity of RP215-specific epitope. 
The concentration of human IgG in each shed medium was also 
determined separately by an ELISA kit with goat anti-human IgG-
coated microwells and paired with HRP-labeled anti-human IgG-Fc 
Mab for a one hour assay [11]. The OC-3-VGH ovarian cancer cell 
line was originally established in 1986 by the Dept. OBS/GYN at 
the Veterans General Hospital, Taipei, Taiwan and maintained in 
RPMI-1640 medium containing 10% fetal calf serum [13]. The other 
cancer cell lines were obtained from ATCC (American Type Culture 
Collection, Rockville, MD). FS293 (kidney) cell line was obtained from 
Invitrogen (Burlington, ON, Canada). These cell lines were maintained 
according to the suppliers’ instructions. Serum-supplemented and 
serum-free media were obtained from Sigma (St. Louis, MO) and 
Invitrogen, respectively.

Results

Generation and characterization of rat anti-id mabs

Rat hybridomas were generated after cell fusion and screening 
for the secretion of Mabs against F(ab’)2 fragments of RP215. All nine 
established anti-id Mabs obtained from the cell supernatants were 
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Figure 1: (A) Dose-dependent binding between rat anti-id Mabs in cell 
supernatants and microwell-coated RP215 F(ab’)2 on ELISA described in 
the text. Alkaline phosphatase-labeled goat anti-rat IgG was used as the 
secondary antibody for signal detection at 405 nm; (▲), (♦) and (■) denote 
rat anti-id mabs, R3E4, R3E7 and R15H6 in cell culture medium (RPMI1640 
plus 10% fetal calf serum), respectively (estimated Kd for R15H6 binding to 
RP215-F(ab’)2 : ≤ 1 × 10-9 M). Normal rat IgG (10µg/ml) in cell culture medium 
(RPMI1640 plus 10% fetal calf serum was used as the negative control. Data 
presented are those substrated from the negative control (OD≤0.1). (B) Dose-
dependent activities for rat anti-id Mabs R3E4 (▲), R3E7 (♦) and R15H6 (■), 
as well as CA215 (●) in RPMI1640 cell culture medium (10% fetal calf serum) 
on RP215-based sandwich EIA as described in the text. Normal rat IgG (10µg/
ml) in the same culture medium served as the negative control. Data presented 
are those subtracted from the negative control (OD≤0.1).
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Figure 2: (A) Dose-dependent binding between Ab3 (anti-anti-id) sera from 
three immunized mice or RP215 and microwell-coated CA215. Alkaline 
phosphatase-labeled goat anti-mouse IgG was used as the secondary 
antibody for signal detection at 405nm. (♦), (■) and (▲) denote Ab3 sera from 
three BALB/c mice (designated as L, R and I) immunized with rat anti-id Mab, 
respectively (initial dilution 1:200). (●) and (×) denote RP215 and normal 
mouse IgG (initial concentration = 1μg/mL), respectively. (B) Western blot 
assay to compare molecular weight of the protein bands detected in OC-3-
VGH cancer cell extract using RP215 or Ab3 sera as the probe with reducing 
and non-reducing SDS-PAGE. Molecular markers of 60 KDa and 160 KDa 
were shown on the left. From left to right: Lane 1: RP215; Lanes 2, 3 and 4 are 
Ab3 sera from three immunized mice designated as I, R and L, respectively 
(concentration = 1:10,000 dilution); Lane 5 is negative control with normal 
mouse sera of the same dilution.

shown to react with F(ab’)
2
 fragments of RP215 coated on microwells 

in a dose dependent manner. The results of the typical binding assays 
represented by the three anti-id Mabs, R3E4, R3E7 and R15H6 are 
presented in Figure 1A. In separate experiments, rat anti-id Mabs 
were treated as the surrogate antigen and compared with CA215 in a 
RP215-based ELISA. However, R3E4 showed no binding activity when 
determined by this sandwich immunoassay. The corresponding assay 
results are presented in Figure 1B for comparative purpose. Among 
these Mabs, R15H6 was shown to have the highest affinity (Kd ≤ 1 
nM) and specificity to F(ab’)2 fragments of RP215 [23]. In a separate 
experiment, R15H6 Mab was shown to inhibit the binding between 
OC-3-VGH cancer cells coated on microwells and HRP-labeled RP215 
Mab in a dose-dependent manner (data not shown), similar to that 
observed for polyclonal rabbit anti-id of RP215 antibodies [15].

Characterization of Ab3 sera

The purified rat anti-id Mab, R15H6, was used as the immunogens 
to immunize BALB/c mice. Mouse anti rat anti-id (Ab3) sera were 
generated following successive immunization with F(ab’)2 of R15H6 
Mab. Using ELISA with CA215-coated microwells, Ab3 sera were 
found to react with CA215 in a dose-dependent manner, comparable 
to that of RP215 (Figure 2A).

Western blot assay was employed to determine the molecular 
weight of the detected protein bands recognized by Ab3 sera and 
RP215 under the reducing and non-reducing conditions of SDS-PAGE 
in OC-3-VGH cell extracts [11]. As shown in Figure 2B, similar broad 
protein bands of 160 kDa were observed for RP215 or Ab3 sera under 
the non-reducing condition. In contrast, protein bands of 60 kDa 
were observed under the reducing condition when RP215 or Ab3 sera 
were used as the probe. The equivalence between RP215 and Ab3 
sera in terms of these respective binding specificity to CA215 was 
demonstrated by this experiment.

Immunohistochemical studies

Both RP215 and Ab3 sera were used as the probe in 
immunohistochemical staining studies of cancer cell lines of various 
tissue origins in humans [16]. Among these cell lines are those of the 
ovary (OC-3-VGH and SKOV-3), cervix (C-33A) and lung (A549). Both 
RP215 (1μg/mL) and Ab3 sera (1:500 dilution) showed prominent 
staining intensities. In contrast, normal mouse serum gave no 
staining to the cancer cells. Typical results of this comparative study 
are summarized in Figure 3A.

As many as twenty other human cancer cell lines of different 
tissue origins from ATCC were also employed for comparative 
immunohistochemical staining studies. The following cell lines 
showed comparable staining intensities for both RP215 and Ab3 sera: 
breast cancer cell lines MCF7 (HTB-22), MDA-435, MDA-231 and T47D 
(HTB-133); placenta cancer cell line BeWo (CCL-98); cervical cancer 
cell lines C-33A and ME180 (HTB-33); colon cancer cell lines Sw-48 
(CCL-231), HCT-115, HCT-116, HT-441 and HT-29 (HTB 38); brain 
cancer cell lines Neura2A, SH-SY5Y (CRL-2266) and U-87MG (HTB-14); 
liver cancer cell lines HepG2 (HB-8065), Hep-2 and Hep-3B (HB-8064); 
kidney cancer cell line FS293 (Invitrogen); lung cancer cell lines A549 
(CCL-185), Calu-6 (HTB-56), MRC-5 (CCL-171) and WI-38 (CCL-75); 
melanoma cell line MMAN; ovarian cancer cell lines SKOV-3 (HTB-77), 
OC-3-VGH and OVCAR-3 (HTB-161); prostate cancer cell lines DU-145 
(HTB-81) and PC-3 (CRL-1435). However, the following cancer cell lines 
showed weak or no staining for both RP215 and Ab3 sera under the 
same conditions: Hela (CCL-2 cervix), SK-MEL-3 (HTB-69, melanoma), 

HEL (lymphoma) and K562 (CCL-243, leukemia). The results of these 

immunohistochemical staining studies are summarized in Table 1.
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TUNEL assay for studies of cellular apoptosis

By means of TUNEL assay, it could be shown that both RP215 and 
Ab3 sera induced significant degrees of apoptosis to culture cancer 
cells. Both OC-3-VGH ovarian cancer cells and C-33A cervical cancer 
cells were employed for this study, as shown in Figure 3B. Upon 
incubation of cultured OC-3-VGH cancer cells with 10μg/ml of RP215 
or Ab3 serum in 1:500 dilution for 24 hrs, 50-80% of the cultured cells 
underwent apoptosis as compared to the negative control of about 
15% (P<0.05). A similar degree of apoptosis can be induced upon 
incubation of Ab3 serum of the same dilution for 72 hrs in cultured 
C-33A cancer cells when compared with that of RP215 under the 
same conditions (Figure 3B, lanes IV and V).

Comparison of CA215 in shed media of cultured cancer cells in 
serum-free and serum-supplemented conditions

CA215 in shed media was recovered under both serum-free 
and serum-supplemented conditions and assayed separately for the 
relative concentrations of RP215-specific epitope as well as those of 
human IgG for cultured cells from OC-3-VGH and C-33A. For both 
cell types, RP215-based sandwich enzyme immunoassay showed 
dose-dependent binding activities to CA215 in shed media under 
serum-supplemented but not serum-free conditions (Figure 4A). 
In contrast, immunoassays of human IgG in both serum-free and 
serum-supplemented shed media of cultured cancer cells revealed 
comparable dose-dependent activities when probed with anti-human 
IgG-Fc Mab (Figure 4B). 

Figure 3: (A) Immunohistochemical staining (IHC) assay to compare relative 
staining intensities of different cancer cell lines probed with RP215 Mab or Ab3 
sera. From left to right and top to bottom: Panels A, B and C are IHC staining 
of OC-3-VGH cells with RP215 (5μg/mL), Ab3 sera (1:500 dilution) and normal 
mouse serum, respectively. Panel D, E and F are those of C-33A with RP215, 
Ab3 sera and normal mouse serum, respectively. Panel G, H and I are those 
of A549 cells with RP215, Ab3 sera and normal mouse serum, respectively. 
Panels J, K and L are those of SKOV-3 cells with RP215, Ab3 sera and normal 
mouse serum, respectively. (B) Percent increases in apoptosis of cancer cells 
after incubation with RP215 (10μg/mL) and Ab3 sera (1:500 initial dilution) 
on TUNEL assay. Lanes I, II and III are percentage increases in OC-3-VGH 
cancer cell apoptosis after 24 hrs incubation with RP215, Ab3 sera and normal 
mouse serum of the same dilution (negative control), respectively. Lane IV and 
V are C-33A cancer cell apoptosis after 72 hrs incubation with Ab3 and normal 
mouse serum of the same dilution, respectively. Each column represents the 
mean values ± S.D. of 4 determinations; † and * were relative to negative 
controls with p < 0.05.
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Western blot assay was employed to compare the relative 
activities of RP215-specific epitope as well as that of human IgG 
between serum-free and serum-supplemented shed media of cultured 
cancer cells (Figure 4C). When RP215 was used as the probe, only 
serum-supplemented shed media revealed protein bands of 60 kDa, 
whereas no protein bands were observed for those of serum-free 
shed media for both OC-3-VGH and C-33A cells. In contrast, when an 
anti-human IgG-Fc Mab was used as the probe in Western blot assay, 
both serum-free and serum-supplemented media revealed the same 
protein bands of 60 kDa which corresponded to those of heavy chains 
of human immunoglobulins. Furthermore, immunohistochemical 
studies revealed that RP215 failed to react with cancer cells of several 
cell lines after they were cultured in serum-free media (data not 
shown).

Discussion
In this communication, efforts were made to generate and 

characterize rat anti-id Mabs against RP215-specific epitope. Ab3 
responses from the immunization of anti-id Mabs in mice were 
evaluated to serve as the model for future anti-cancer vaccine 
development in humans. The expression of RP215-specific epitope 
was assessed under different culture conditions to further document 
the carbohydrate association of this unique epitope.

Our previous studies have suggested that RP215 Mab recognizes 
a unique carbohydrate-associated epitope in the Fab regions of 

Cancer Types Cell Lines ATCC Number RP215 Ab3a

Brain Neura2A ±b ±
SH-SY5Y CRL-2266 + +
U-87MG HTB-14 + +

Breast MCF7 HTB-22 ± ±
MDA-MB-231 HTB-26 + +
MDA-435 + +
T-47D HTB-133 ± ±

Cervical C-33A HTB-31 + +
Hela CCL-2 - -
ME-180 HTB-33 + +

Colon HCT 115 + +
HCT 116 CCL-247 + +
HT-29 HTB-38 + +
HT-441 + +
SW-48 CCL-231 + ±

Kidney FS293 + +
Leukemia K562 CCL-243 - -
Liver Hep-2 + +

HepG2 HB-8065 ± ±
Hep3B HB-8064 + +

Lung A549 CCL-185 + +
Calu-6 HTB-56 + +
MRC-5 CCL-171 + +
WI-38 CCL-75 + +

Lymphoma HEL - -
Melanoma MMAN + +

SK-Mel-3 HTB-69 - -
Ovary OC-3-VGH + +

OVCAR-3 HTB-161 + +
SK-OV-3 HTB-77 + +

Placenta BeWo CCL-98 ± ±
Prostate DU145 HTB-81 ± ±

PC-3 CRL-1435 ± ±
aAb3: Antisera raised rat anti-RP215-idiotype monoclonal antibody
bStaining intensities follow the order of - (negative), ± (borderline) and + (positive)
ND: not determined

Table 1: Immunohistochemical Staining Results of Various Cancer Cell Lines with 
RP215 and Other Relevant Antibodies.
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immunoglobulins expressed by the majority of cancer cells in humans 
[11]. This unique epitope, however, is not detected in normal human 
immunoglobulins [11]. It has also been suggested previously that 
immunoglobulin expression by cancer cells are widespread and are 
required for cancer cell survival and proliferation [4,14,15]. The 
expressed immunoglobulins could either be on the cancer cell surface 
or in secreted forms. Subsequently, RP215 has also been shown to 
inhibit the growth of cancer cells in vitro by apoptosis assay [14,15] 
and by nude mouse experiments in vivo [16].

We have demonstrated previously that polyclonal rabbit anti-
id generated against RP215-F(ab’)2 could in principle serve as the 
internal image of the RP215-specific carbohydrate-associated 
epitope. This is corroborated by the fact that Ab3 generated against 
rabbit anti-id exhibits similar functional properties as those of RP215 
on apoptosis and anti-proliferation assays. However, for practical 
reasons, polyclonal rabbit anti-id is not an ideal choice for human 
cancer vaccine development that requires highly homogenous and 
specific properties. Therefore, in this study, efforts were made to 
generate and characterize rat anti-id Mabs against RP215-F(ab’)2 with 
various biochemical and immunological methods. Each of the rat 
anti-id Mabs is a singly-defined molecule and can be mass produced 
in vitro or in vivo. Subsequent immunization with these highly 
specific anti-id Mabs can then induce targeted Ab3 responses to 
neutralize cancer cells better than the rabbit polyclonal counterparts 
[14]. This approach could, in principle, bypass the requirements for 
structural identification and synthesis of this unique carbohydrate-
associated epitope linked to heterogeneous cancer cell-expressed 
immunoglobulins. 

Results of the present study indicate that most of the generated 
rat anti-id Mabs bear the properties of the internal image of RP215-
specific epitope. This assumption is based on the differential results 
of RP215-based immunobinding assay (Figure 1A) and sandwich 
enzyme immunoassay (Figure 1B). Among these Mabs, R3E4 showed 
good binding to RP215, yet failed to produce any significant activity 
in RP215-based sandwich enzyme immunoassay. The other Mabs can 
be used as the surrogate antigen of CA215 in RP215-based enzyme 
immunoassay. Among these, R15H6 Mab revealed the highest affinity 
to RP215 and was selected as the immunogen to generate Ab3 
responses in immunized mice. Ab3 sera were found to have binding 
to well-coated CA215, comparable to that of RP215. By using Western 
blot assay, both Ab3 sera and RP215 were found to recognize the 
same protein bands in the cancer cell extract of 60 KDa and 160 KDa, 
depending on the presence or absence of reducing agents (Figure 
2B). In addition, both RP215 and Ab3 sera gave positive staining 
to various cancer cells with comparable staining intensities in 
immunohistochemical studies (Figure 3A). The results further confirm 
the expression of CA215 on the majority of cancer cell surface [4]. 
This observation strongly supports the development of rat anti-
id Mab as anti-cancer vaccine with multi-indication in humans. 
Furthermore, by using TUNEL assay, both RP215 and Ab3 sera were 
shown to induce apoptosis of two different types of cultured cancer 
cells in vitro (Figure 3B). This observation indicates that Ab3 sera can 
also inhibit the growth of cancer cells in vitro through the mechanism 
of apoptosis similar to that observed for RP215 [14,15].

The expression of RP215-specific carbohydrate-associated 
epitope in CA215 from cancer cells was compared under different 
cell culture conditions. Following 48 hrs culture of cancer cells in 
the serum-free medium, RP215-specific epitope was undetectable 
in the shed medium (Figure 4A). In contrast, the IgG content in 
the serum-free shed medium remained the same as that in serum-

supplemented shed media (Figure 4B). The result of Western blot 
assay further confirmed the absence of RP215-specific epitope in 
CA215 recovered from serum-free media (Figure 4C). On the contrary, 
the expression of IgG by cancer cells at 48 hrs remained detectable 
and was independent of the cell culture conditions (Figure 4C). These 
experimental observations clearly indicate that post-translational 
modification of CA215 is essential to generate RP215-specific 
epitope and requires carbohydrate precursors present in serum-
supplemented media, but not in serum-free media.

Cancer treatment vaccines are designed to treat cancer by 
stimulating the immune system to recognize and attack cancer cells 
[24-27]. Although the US FDA has only approved a cancer treatment 
vaccine, numerous anti-cancer treatment vaccines are being developed 
against many types of cancer and are being tested in clinical trials 
[28-30]. Cancer treatment with anti-idiotype antibodies has been 
reported previously with limited efficacy [28], especially in the case of 
B cell lymphoma [32]. For melanoma, anti-id Mabs mimicking HMW-
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Figure 4: (A) RP215-specific epitope activities of the shed media from OC-
3-VGH and C-33A cells cultured in serum-free and serum supplemented 
media for 48 hrs by using RP215/RP215-HRP-based enzyme immunoassays. 
Absorbance at 450nm was plotted against serial dilutions of the shed media; 
(■) and (●) represent activities in serum-supplemented media for OC-3-VGH 
and C-33A cells, respectively;(□) and (○) represent corresponding activities 
in serum-free media; (▲) represents the initial activities of 10AU/mL CA215. 
Fresh RPMI-1640 culture medium containing 10% fetal calf serum was used 
as the negative control (OD≤0.1); Data presented have been substrated from 
the negative control; (B) Relative human IgG concentrations in shed culture 
media of OC-3-VGH and C-33A cancer cells under serum-supplemented 
and serum-free conditions for 48 hrs using the anti-human IgG-Fc Mab as 
the probe on ELISA. (■) and (●) represent human IgG activities in serum-
supplemented media for OC-3-VGH and C-33A cells, respectively; (□) and 
(○) represent corresponding activities in serum-free media. Fresh cell culture 
medium (RPMI plus 10% bovine calf serum) was used as the negative control 
(▲). (C) Western blot assay to detect protein bands from cultured cancer cells 
under serum-free and serum-supplemented conditions. Upper panels are 
protein bands of 60 KDa detected under reducing SDS-PAGE using RP215 
as the probe. From left to right: Lane 1: OC-3-VGH cells (serum plus), Lane 
2: OC-3-VGH cells (serum-free), Lane 3: C-33A cells (serum plus), Lane 4: 
C-33A cells (serum-free), Lane 5: FS293 cells (serum plus), Lane 6: FS293 
cells (serum-free), Lane 7: RPMI medium control, Lane 8: serum-free medium 
control. Lower panels are protein bands of 60 KDa detected under reducing 
SDS-PAGE using anti-human IgG-Fc Mab as the probe. From left to right: 
samples from Lane 1 to 8 are identical to those described in the upper panel.
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MAA (high molecular weight melanoma-associated antigen) have been 
attempted in small multi-cancer trials [31-34]. Vaccination can elicit 
strong and specific humoral responses to relevant tumor-associated 
antigens [34] but clinical implications of these results remain to be 
fully elucidated [34]. In the case of colorectal cancer, anti-id vaccines 
for colorectal carcinoma-associated antigens, such as CEA, were also 
developed. Encouraging preliminary results from pilot studies still 
await further confirmation [35]. The anti-id Mab mimicking the tumor 
antigen, CA125 (abagovomab) has been recently reported in a limited 
number of clinical trials for ovarian cancer patients. A CA125-specific 
humoral response was elicited in nearly half of the patients and a 
correlation to patients’ survival was suggested [36]. 

Judging from numerous on-going clinical studies, the RP215-
specific carbohydrate-associated epitope which is highly associated 
with cancer cell-expressed immunolglobulins appears to be a suitable 
candidate cancer vaccine development. The anti-id monoclonal 
antibodies which mimic the internal image of this unique epitope 
could also serve as the alternative for cancer vaccine development 
as demonstrated by the in vitro studies presented in this report. 
Moreover, the carbohydrate-associated epitope-based anti-cancer 
vaccines can potentially target cancer cells of many different human 
tissue origins. Additional in vivo preclinical studies are in progress 
to demonstrate the efficacy of the anti-id Mab-based anti-cancer 
vaccines.

Conclusion
In summary, RP215-specific carbohydrate-associated epitope 

can be used to generate specific anti-id antibodies with potential 
anticancer vaccine properties to induce Ab3 response in animal 
models and in humans. Ab3 sera are as effective as RP215 Mab in 
inhibiting cancer cell growth in vitro [20-22]. Therefore, anti-id 
Mab against RP215 is a potential candidate for anti-cancer vaccine 
development in humans.
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