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Abstract RP215 monoclonal antibody (Mab) was shown
to recognize carbohydrate-associated epitope(s) in the
heavy chains of cancer cell-expressed immunoglobulins,
designated in general as CA215 pan cancer marker. Growth
inhibitions of tumor cells in vitro by RP215 Mab and
antibodies against its anti-idiotype (anti-id) antibodies were
investigated. Polyclonal rabbit anti-id antibodies and the
corresponding rat anti-id Mabs were generated and char-
acterized. Following immunizations in mice, antisera
raised against anti-id antibodies were analyzed by typical
immunoassays. It was observed that mouse anti-anti-id sera
(Ab3) revealed binding affinity and specificity to CA215
that are comparable to those of RP215. Both RP215 and
Ab3 were shown to induce apoptosis of cultured cancer
cells in vitro by TUNEL and MTT assays. These experi-
mental observations were consistent with that of in vivo
tumor growth inhibition by RP215 in previous nude mouse
experiments. Therefore, heterologous or homologous anti-
id antibodies of RP215 that contain the internal image of its
specific epitope in CA215 may serve as effective anti-
cancer vaccines for therapeutic treatments of various can-
cers in humans. The relative stability of RP215-specific
carbohydrate-associated epitope was compared to that of
human IgG at extreme pH’s (<2 or >12) or following
NalO, treatments. The major molecular forms of CA215
were further documented with various enzyme immuno-
assays and found to have similar secondary structures to
those of normal human immunoglobulin G.
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Abbreviations

Ab2 Anti-idiotype antibody, or anti-id antibody

Ab3 Antibody or antiserum against anti-id
antibody, or anti-anti-id antibody

Anti-id Anti-idiotype

DAB Diaminobenzidine (substrate for horse
radish peroxidase)

ELISA Enzyme-linked immunosorbent assay, or
EIA

F(ab'), Fragments obtained following pepsin
digestions of immunoglobulin G

HRP Horse radish peroxidase

Mab Monoclonal antibody

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide

RP215-HRP Horse radish peroxidase-labeled RP215
monoclonal antibody

TUNEL Terminal deoxynucleotidyl transferase
dUTP nick end labeling

Introduction

Expression of immunoglobulins by human cancer cells has
been well documented and extensively studied [1-10]. In
previous studies, we reported that a monoclonal antibody
(Mab) designated as RP215 was generated against an
OC-3-VGH ovarian cancer cell line through immunizations
of BALB/c mice with cancer cell extract, cell fusions, and
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screening among 3,000 hybridomas [11-13]. RP215 was
shown to react with carbohydrate-associated epitope(s) of a
pan cancer marker, CA215, expressed in cancer cells of
many different tissue origins in humans [11]. By using
Matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS), the amino acid
sequences of tryptic peptides of immunoaffinity-purified
CA215 was analyzed and found to have a high degree of
homology to heavy chains of human immunoglobulins
[11]. Through extensive biochemical and immunological
studies, it was concluded that CA215 is homologous to
heavy chains of human immunoglobulins [11, 12]. Further
studies revealed that both the secreted and membrane-
bound forms of human immunoglobulin heavy chains were
detected in OC-3-VGH cancer cells as well as many other
cancer cell lines by Western blot and RT-PCR assays [11,
12]. The RP215-specific epitope is, however, not found in
immunoglobulins of normal human B cell origins [11].

Widespread expressions of immunoglobulins among
cancer cells as well as the frequent presence of unique
carbohydrate-associated epitope(s) recognized by RP215
Mab might have important biological implications during
carcinogenesis as well as applications in immunodiagnos-
tics and antibody-based anti-cancer drug developments.
During our preclinical studies, the results of large-scale
immunohistochemical staining studies showed that the
following cancerous tissues revealed high percentages of
positive staining with RP215 Mab: Ovary (64%), cervix
(84%), endometrium (78%), esophagus (76%), stomach
(50%), colon (44%), lung (31%), and breast (35%). Further
studies with nude mouse experiments indicated that RP215
Mab (naked or I'*!-labeled form) inhibits significantly the
growth of tumor cells in vivo in a dose-dependent manner
[14]. Based on the results of these studies, cancer cell
surface-expressed CA215 can be potentially targeted by
RP215 Mab as well as its humanized forms for therapeutic
treatments of human cancers in the future. On the other
hand, the secreted form of CA215 can also be monitored in
serum specimens of cancer patients for potential immu-
nodiagnostic applications [15].

However, RP215-specific carbohydrate-associated epi-
tope has not yet been characterized. Highly purified CA215
bearing this unique epitope is still not available for further
structural analysis. Alternatively, one could also actively
immunize humans with anti-idiotype (anti-id) antibodies to
elicit anti-anti-id antibody (Ab3) response which can in
turn serve to neutralize cancer cells in humans [16-18].
Therefore, anti-cancer vaccines can be developed in
humans for therapeutic applications. Based on these con-
siderations, the immunogenic nature of carbohydrate-
associated epitope in CA215 was partially characterized
through the generations of polyclonal as well as mono-
clonal anti-id antibodies which might serve as the internal
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image of the RP215-specific epitope of this pan cancer
biomarker. Through active immunizations with anti-id
antibodies, the ability to induce Ab3 immune response to
RP215-specific epitope can be evaluated.

In vitro apoptosis and anti-proliferation assays were
performed with RP215 as well as antisera against anti-id
antibodies (Ab3). In addition, the relative stability of car-
bohydrate-associated epitope recognized by RP215 was
further documented with immunoassays under various
experimental conditions. Through our effort, we hope to
obtain meaningful information regarding the possible
development of effective RP215-based anti-cancer vac-
cines in humans.

Materials and methods
Chemicals

All the chemicals employed in this study were obtained
from Sigma Chemical Company (St. Louis, MO, USA)
unless otherwise mentioned.

Cancer cell lines and RP215 Mab

An ovarian cancer cell line of serous origin designated as
OC-3-VGH cancer cells was employed as immunogens for
the generation of RP215 Mab, following immunizations,
cell fusion, and screening from about 3,000 hybridomas
[13]. Previous studies have documented that RP215 reacts
specifically to a carbohydrate-associated epitope located in
the variable regions of cancer cell-expressed immuno-
globulin heavy chains [11, 12]. All other established cancer
cell lines were originated from American Type Culture
Collection (ATCC) (Rockville, MD, USA). These cell lines
included SK-OV-3 (ovary), A549 (lung), K562 (lympho-
cyte), U87MG (neuron), HCT-116 (colon), MCF-7
(breast), MB-MDA-231 (breast), and OVCAR-3 (ovary).
CAZ215, the antigen recognized specifically by RP215 was
affinity-purified from the shed culture medium of OC-3-
VGH cancer cells as reported previously [13].

Immunizations of rabbits with RP215 Mab to generate
anti-id antibodies

A typical immunization scheme was employed to generate
anti-id antibodies in two New Zealand white rabbits against
RP215 Mab [19]. Briefly, 100 pg of purified RP215 in
0.5 ml PBS was emulsified with an equal volume of
complete Freund’s adjuvant and injected subcutaneously
in rabbits for priming immunizations. Subsequent immu-
nizations were performed biweekly except with incom-
plete Freund’s adjuvant. One week after the fourth
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immunizations, antisera were obtained for purification and
characterizations.

Pooled rabbit antisera were initially purified with an
affinity column immobilized with normal mouse IgG to
remove any antibodies which may cross-react with mouse
IgG. The flow-through antisera were further passed through
another affinity column immobilized with RP215 Mab.
RP215-specific anti-id antibodies were eluted with 5 mM
citric acid followed by immediate neutralization with a
solution containing 0.2 M K,HPO,. The specificity of
purified rabbit anti-id antibodies to the F(ab’), fragment
of RP215, or anti-id antibodies to RP215 was verified
by enzyme-linked immunosorbent assay (ELISA) with
microwells coated with RP215 or normal mouse IgG.

Generation of homologous anti-id antibodies in mice
against RP215

To generate homologous anti-id antibodies against RP215
in mice, the F(ab’), fragments of RP215 were first pro-
duced by pepsin digestions according to the published
procedure [20]. The F(ab’), fragments of RP215 were first
conjugated with hemocyanin from Keyhole Limpet fol-
lowed by immunizations in three BALB/c mice with typ-
ical immunization scheme [19, 21]. The presence of anti-id
antibodies against RP215 in the immunized mice was
determined by using ELISA with microwells coated with
CAZ215 to be described later.

Immunizations of mice to induce antisera against
anti-id antibodies (Ab3)

Purified rabbit anti-id antibodies to RP215 were used for
immunizations in mice to induce immune response to anti-
id antibodies. For priming immunizations, 30 pug of puri-
fied anti-id antibodies of RP215 were emulsified in PBS
and complete Freund’s adjuvant at 1:1 ratio and injected
subcutaneously to three BALB/c mice, designated as I, R
and L, respectively. Subsequent immunizations were per-
formed biweekly except with incomplete Freund’s adju-
vant. The immunized mice were bled 1 week after the
fourth immunizations. The antiserum titers were deter-
mined by ELISA with microwells coated with purified
CA215 described elsewhere [11]. Enzyme immunoassays
and Western blot assays were performed for the charac-
terization of anti-id and Ab3 reported in this study [11, 12].

Generation and characterizations of rat anti-id Mabs
against RP215

Details for generations of rat anti-id Mabs will be presented
elsewhere. A typical immunization procedure was employed
to generate monoclonal antibodies against F(ab’), of RP215

in rats [21]: Briefly, F(ab’), of RP215 was prepared by pepsin
digestion followed by purification with protein G affinity
chromatography. Purified F(ab'), fragments were used as the
immunogen to immunize five rats (Sprat-Dawley) at monthly
intervals. The priming immunization was performed with
100 pg of F(ab’), emulsified with an equal volume of com-
plete Freund’s adjuvant. Subsequent immunizations were
performed with the same dose of the immunogen except with
incomplete Freund’s adjuvant. After the third immunization,
the antibody titers were determined by ELISA with micro-
wells coated with F(ab’), of RP215 and F(ab’), of unrelated
mouse antibodies, separately. The one with the highest
antibody titer against F(ab"), of RP215, but with the lowest
cross-reactivity against unrelated F(ab’),, was used for cell
fusion experiments. About a dozen hybridomas were estab-
lished after the initial screening of about 1,600 hybridomas
with the same ELISA methods as described above.

Cell cultures and induction/detection of apoptosis

The effects of RP215 and its Ab3 on cancer cell growth in
vitro were investigated with cell culture experiments. OC-
3-VGH ovarian cancer cell line was routinely maintained at
37°C in RPMI 1640 medium containing 10% fetal calf
serum and antibiotics in a 5% CO, incubator. Sterilized
RP215 and Ab3 sera of known concentrations were added
to the cell culture to give a final concentration of 10 pg/ml
for RP215 or 1:1,000 dilutions for mouse sera, respec-
tively. Unrelated mouse Mab or normal mouse serum of the
same concentrations or dilutions was used as the negative
control. After 24, 48, and 72 h of treatments in a CO,
incubator at 37°C, the cancer cells were harvested, coun-
ted, and air-dried on slides. Quantifications of cellular
apoptosis were performed by using In Situ Cell Death
Detection Kit, POD (TUNEL assay) from Roche Diag-
nostics according to instructions from the Package Insert.
Briefly, treated cells were fixed with 4% paraformaldehyde
in PBS, pH 7.4. After rinsing with PBS and 10 min
blocking with solution containing 3% H,0O, in methanol,
permeabilization solution was added to the incubated cells
for 2 min. The fixed and permeabilized cells were incu-
bated with 50 pl of TUNEL reaction mixture in a humid-
ified chamber in the dark at 37°C for 60 min. Following
rinse with PBS, 50 pl of convertor POD was added for
30 min incubation at 37°C. DAB substrate was then added
for color development to ensure the detection of TUNEL-
labeled cells. The number of color-labeled cells was
observed under light microscope and counted as a per-
centage of the total number of cells present in that field.
Percentages of cells with apoptosis upon treatment with
different antibodies or antisera at different incubation time
were analyzed. For the negative control, normal mouse IgG
or mouse serum of the same concentrations or dilutions
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were used for comparative studies. Percentages of apop-
tosis of treated cells under different conditions of treatment
were presented and compared with those of the negative
control.

MTT assay for anti-proliferation of cancer cells

MTT assay [22] was performed in a 24-well cell-culture
plate. A total of 5 x 10* cells were cultured in each well.
Forty-eight hours later, the culture medium was refreshed,
and antibodies (goat anti-human IgG, human IgG, or
RP215 monoclonal antibodies, each at 10 pg/ml) were
included separately in the culture medium. After an addi-
tional 48 h incubation, the culture medium was removed,
and 200 pl 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% CO, incubator, the supernatant was
removed. 200 pl of dimethylsulfoxide (DMSO) was added
to each well, followed by shaking at 150 rpm for 5 min.
Absorbance at 560 nm was determined for the content of
each well. The negative control containing cells without
any antibody treatment was included in each experiment
and normalized as 100% for the cell growth.

Total RNA extraction and cDNA synthesis

Total RNA from OC-3-VGH ovarian cell lines (105—106
cells) before and after RP215 treatment was extracted by
using QIAGEN RNeasy mini kit. RNase-free DNase set
was included to avoid genomic gene interference. Reverse
transcription of total RNA to cDNA was performed by
using oligo (dT);s 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.

Semiquantitative analysis of mRNA expressions
of ribosomal protein by RT-PCR

All primers required for PCR amplifications were obtained
from Integrated DNA Technologies (San Diego, CA, USA)
and listed as follows [23]: PO (431 bp): 5-TTGTGTTCA
CCAAGGAGG-3' (sense) and 5-GTAGCCAATCTGCA
GACAG-3' (antisense), respectively; P1 (476 bp): 5'-CA
AGGTGCTCGGTCCTTC-3’ (sense) and 5'-GAACATGT
TATAAAAGAGG-3' (antisense); P2 (386 bp): 5'-TCCGC
CGCAGACGCCGC-3' (sense) and 5-TGCAGGGGAGC
AGGAATT-3' (antisense); L37 (340 bp):5’- CAGAAG
CGAGATGACGAAGG-3' (sense); and 5'-CCAGAACAT
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TTATTGCATGAC-3' (antisense). A housekeeping gene,
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH),
was amplified to check the functional integrity of cDNA
and used as internal control by using 5'-GAAATCCCAT
CACCATCTTCC-3' (sense) and 5-CCAGGGGTCTTA
CTCCTTGG-3' (antisense) as primers (805 bp) [24].

The PCR was performed by using 2x PCR Plus Mas-
terMix kit (Abm, Richmond, BC, Canada) according to the
manufacturer’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 extension 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 different PCR products on
the agarose gel were semi-quantitatively analyzed by using
ImageQuant image analysis software. The intensity of
GAPDH control was adjusted to 100% for each case for
comparative purposes. The negative control from cDNA
synthesis was further used in PCR reaction and served as
the negative control.

Results

Purification and characterization of rabbit and mouse
anti-id antibodies

Following immunizations in rabbits with RP215 Mab,
cross-reacting antibodies against normal mouse IgG were
removed from rabbit antisera by using repeated adsorptions
with immunoaffinity column immobilized with normal
mouse IgG. Antibodies against F(ab’), fragments of RP215
were further purified by adsorption with RP215-immuno-
affinity column, and then eluted with 5 mM citric acid at
pH 2.5. ELISA was performed with microwells coated sepa-
rately with RP215 and normal mouse IgG. It was clearly
shown in Fig. la that purified rabbit anti-id antibodies react
only with RP215, but not with normal mouse IgG.

Homologous anti-id Mabs to RP215 Mab were also
generated in mice, following successive immunizations
with F(ab’), fragments of RP215 conjugated to KLH as
immunogen as described [19-21]. After the fourth immu-
nization, antisera of the immunized mice were found to
inhibit RP215-HRP binding to microwells coated with
affinity-purified CA215 in a dose-dependent manner as
shown in Fig. 1b.

Generations of rat anti-id Mabs
By employing the same strategy, rat anti-id Mabs were also

generated against RP215 and characterized. Among the
1,600 hybridomas generated, four were shown to react
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specifically with the F(ab’), fragments of RP215, but not
with that of the unrelated mouse IgG. Furthermore, four of
the rat anti-id Mabs generated were shown to inhibit the
binding of RP215 to CA215-coated microwells (Fig. 1b).
The cell culture supernatants of these four Mabs were
shown to inhibit the bindings of RP215-HRP to well-coated
CA215 in a dose-dependent manner (Fig. 1c). Further
detailed studies of these Mabs will be presented elsewhere.

Generations and characterizations of mouse Ab3

Upon successive immunizations of mice (BALB/c) with
rabbit anti-id antibodies, the antisera were characterized

<« Fig. 1 a ELISA to reveal the specificity of rabbit anti-id antibodies of

RP215. Open triangles binding to RP215-coated microwells with
alkaline phosphatase-labeled goat anti-rabbit IgG used as the
secondary antibodies; filled triangles binding to normal mouse IgG-
coated microwells. b ELISA with microwells coated with purified
CAZ215 to reveal the presence of mouse or rat anti-id sera or Mabs of
RP215 through the competitive binding between RP215-HRP of
different dilutions and mouse anti-RP215 serum specimens at 1:100
dilutions as well as rat anti-RP215 Mabs (cell culture supernatants).
Percentages of binding inhibition to wells coated with CA215 are
plotted against RP215-HRP of different dilutions (initial concentra-
tion: ~1 mg/ml). Open triangles mouse anti-id sera #I; filled
triangles mouse anti-id sera #R; open circles rat anti-id Mab #3;
and filled circles rat anti-id Mab #11. ¢ Inhibition of RP215-HRP
(1:25,000 dilution from the initial concentration of ~1 mg/ml)
binding to CA215 coated on microwells by rat anti-id Mabs from
open circles rat anti-id Mab # 3; filled circles rat anti-id Mab #11;
open triangles rat anti-id Mab #4; and filled triangles rat anti-id Mab
#14 in cell culture supernatants of different dilutions. d ELISA to
reveal the binding of mouse anti-anti-id sera at different dilutions to
microwells coated with CA215 and compared with that of RP215
(initial concentration: 1 mg/ml). Normal mouse serum was used as
the negative control. Open triangles mouse #l; open circles mouse
#L; filled triangles mouse #R; filled circles purified RP215 (initial
concentration: 1 mg/ml). Data presented are averages of duplicated
experiments

with respect to their binding to microwells coated with
partially purified CA215. The results of ELISA shown in
Fig. 1d revealed that mouse Ab3 revealed relatively high
titers of dose-dependent binding to CA215 as compared to
that of RP215. Furthermore, by Western blot assay, anti-
sera from three immunized mice were shown to recognize
the same molecular weight bands as those of RP215 (60
and 160 KDa under reducing and non-reducing conditions,
respectively) (Fig. 2).

Induction of apoptosis of cultured cancer cells
by RP215 and Ab3 with TUNEL assay

The mechanism of growth inhibition of cancer cells rec-
ognized by RP215 and mouse Ab3 was explored by

1 2 3 4 5

60 KDa —

160 KDa

Fig. 2 Western blot assay to reveal the molecular weights of the
protein band(s) from OC-3-VGH cancer cell extract recognized by
RP215 (shown in lane 4) and mouse anti-anti-id sera (Ab3) for three
different immunized mice (designed as #I, #R, #L in 1:1,000
dilutions) (shown in lanes 1, 2, and 3, respectively); lane 5 normal
mouse serum of the same dilution used as negative control. Top
Protein bands of 60 KDa were detected for samples prepared in the
presence of reducing agent. Botfom Protein bands of 160 KDa
detected with samples without reducing agent
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apoptosis experiments with the established TUNEL assay
[25]. Upon treatments with RP215 and anti-anti-id sera
from three mice, significant increases in percentages of
apoptotic cancer cells (after incubation from 24-72 h) were
observed. This is in contrast to that of the negative control,
where normal mouse IgG or mouse sera were added for
incubation. The results of this detailed analysis are pre-
sented in Fig. 3a, b, respectively. Effects of RP215 on the
growth inhibition of other cancer cells, including those of
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<« Fig. 3 Percentage of cells with apoptosis of a OC-3-VGH ovarian
cancer cells in culture upon incubations of RP215 (10 pg/ml) for 24,
48, and 72 h, respectively (all data revealed a statistical significance
at p <0.05); b OC-3-VGH ovarian cancer cells in culture upon
incubations of RP215 (10 pg/ml) and anti-anti-id sera (Ab3) from
three immunized mice designated as I, L, and R, respectively, at
1:1,000 dilution for 72 h (data are statistically significant at
p < 0.05); ¢ SK-OV-3, A549, K562, UTMG, and OC-3-VGH cancer
cells in culture upon incubations with RP215 (10 pg/ml) for 24 h
(*p < 0.05; Tp > 0.05); data are presented after negative control is
subtracted from the samples; and d OC-3-VGH ovarian cancer cells
upon 48 h incubation with different antibodies including: / human
I1gG (10 pg/ml); II goat anti-human IgG (10 pg/ml); /Il RP215
(10 pg/ml); and IV RP215 (20 pg/ml). Data presented are percentage
of cells with apoptosis. The negative controls were from cells upon
incubation either with normal mouse IgG or serum of the same
concentrations or dilutions (*p < 0.05; 'p > 0.05). Standard devia-
tions of each set of experiments in triplicates are presented by error
bars (*p <0.05; 'p>0.05) with means. ANOVA tests were
performed for statistical significance defined at p < 0.05 for a—d

SK-OV-3, A549, K562, U87MG, and OC-3-VGH, were
also studied (Fig. 3c). It can be demonstrated that incuba-
tion with 10 pg/ml of RP215 resulted in a significant
increase in cellular apoptosis of all cancer cell lines
(p < 0.05) except that of A549 (lung cancer). TUNEL
assay was also performed to investigate the effects of dif-
ferent antibodies on the apoptosis of OC-3-VGH ovarian
cancer cells. The results of such study are presented in
Fig. 3d. It can be shown that little or no apoptosis on
cancer cells was observed when cancer cells were incu-
bated with 10 pg/ml of human IgG. In contrast, both goat
anti-human IgG and RP215 were found to induce apoptosis
under the same incubation conditions for 48 h. Dose-
dependent increases in percentages of cellular apoptosis
were also observed in either case (Fig. 3d).

Anti-proliferative effects of RP215 and other related
antibodies on cancer cells by MTT assay

By MTT assay, we have been able to demonstrate the anti-
proliferative effects of RP215 on the growth of OC-3-VGH
cultured cancer cells. As shown in Fig. 4a, in the presence
of 10 pg/ml of RP215, the inhibition of cell growth can be
as much as 30—40% after 48 h of incubation, depending on
the dose. A similar degree of growth inhibition by goat
anti-human IgG on cancer cells was also obtained. Simi-
larly, little or no inhibition of human IgG at 10 pg/ml was
observed under the same incubation conditions.

The MTT assay was performed to assess the anti-pro-
liferative effect of RP215 on other cultured cancer cell
lines including A549, HCT-116, MCF-7, MB-MDA-231,
OVCAR-3, and SK-OV-3. Statistically, co-incubation with
RP215 resulted in a growth inhibition of all the studied
cancer cell lines except A549 and HCT-116. The results of
this study are summarized in Fig. 4b.
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Fig. 4 a MTT assay to reveal anti-proliferative effects to cultured
OC-3-VGH ovarian cancer cells upon 48 h incubation with / negative
control (adjusted to 100%); II human IgG (10 pg/ml); III goat
anti-human IgG (10 pg/ml); IV RP215 (10 pg/ml); and V RP215
(20 pg/ml), respectively (*p < 0.05; Tp > 0.05); b MTT assay to
reveal anti-proliferative effects to cultured A549, HCT116, MCF7,
MB-MDA-231, OVCAR-3, SK-OV-3, and OC-3-VGH cancer cell
lines upon incubation with 10 pg/ml of RP215 Mab for 48 h. Relative
absorbance at 560 nm was normalized as 100% with the negative
control (NC) without treatment (*p < 0.05; ’Lp > 0.05); and

Semi- quantitative mRNA expression of ribosomal
proteins by RT-PCR

Four of the ribosomal proteins, PO, P1, P2, and L37 were
selected for semi-quantitative analysis of mRNA expres-
sion in cultured and treated OC-3-VGH ovarian cancer
cells. The expression of GAPDH mRNA gene was used as
the internal control. Upon 24 h treatment with RP215, it
was clearly indicated that there are significant decreases in
gene expressions of these four ribosomal proteins. The
results of such semi-quantitative analysis are diagrammat-
ically presented in Fig. 4c. Messenger RNA expressions of

¢ Downregulation of mRNA expression of the related ribosomal
proteins designated as PO, P1, P2, and L37, respectively, upon
treatments of cancer cells in cell culture with RP215 (10 pg/ml) for
24 h (gray). Negative control without treatment was normalized to
100% (white). mRNA expression of GAPDH gene served as the
internal negative control and normalized to 100% (all data are
statistically significant at p < 0.05 with duplicated experiments). For
statistical analysis in a and b, ANOVA tests were performed with
significant differences defined at p < 0.05 for data presented with
mean £ SD in duplicated experiments

these genes of cultured cells without RP215 treatment
served as the internal negative control.

Stability and molecular form of carbohydrate-associated
epitope of CA215 in vitro and in vivo

From our previous studies, it was suggested that RP215-
specific epitope of CA215 is carbohydrate-associated (11).
Therefore, the instability of the carbohydrate-associated
epitope at the extreme pH’s (<2.0 or >12) was further
investigated by RP215-based or human IgG-based enzyme
immunoassays. In the presence of serum solution, no
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significant loss of the epitope activity was observed for up
to 5 days at neutral pH, when analyzed by RP215-based
sandwich enzyme immunoassays. The half-life of RP215-
specific epitope in CA215 was estimated in vivo by
intraperitoneal injection in mice. It was estimated that the
half-life of the specific epitope in CA215 can be as long as
5-18 days in mice with some individual variations. When
affinity-purified CA215 was incubated in PBS-BSA at pH
2.0 and 12.0, significant time-dependent loss of epitope
immunoactivity was observed, as analyzed by RP215-
based sandwich immunoassay (half life ~2 h) as previ-
ously described [11]. However, under the same conditions,
human IgG is relatively stable as compared to RP215-
specific epitope in the same pH ranges when analyzed by
human IgG-based enzyme immunoassay (data not shown).
Similarly, when analyzed by enzyme immunoassays for
IgG content, CA215 was found to be as stable as normal
human IgG following incubation at extreme pH’s. In a
separate experiment, the RP215-specific epitope of CA215
was found to be resistant to treatments of certain glycolytic
enzymes including B-galactosidase and neuraminidase for
up to 72 h of incubation. Furthermore, RP215-specific
epitope remained stable upon 48 h culture in the presence
of tunicamycin (5 pg/ml) which was known to inhibit
cellular N-glycan synthesis. Treatments of N-glycanase did
not result in loss of RP215-specific epitope activity, as
judged by RP215-based immunoassays (data not shown).

Treatments with NalO4 (100 mM for 30 min at pH 7.0)
are known to modify carbohydrate moiety of glycoproteins
on the surface of cancer cells coated on microwells. While
a significant reduction of RP215 binding to cancer cells
(46% of the original) upon 1-h incubation with 100 mM
NalO, at 37°C was observed, little or no loss of cell
binding to goat anti-human IgG (>95% of the original) was
detected. By Western blot assay, the molecular weight of
CAZ215 was found to be identical to that of human IgG (160
KDa in the absence of reducing agent). Comparative
immunobinding assays were also performed with micro-
wells coated with partially purified CA215 and human
IgG, respectively. Alkaline phosphatase-labeled goat anti-
human IgG heavy chain Fc, light chain lambda as well as
light chain kappa, were used separately as the probe for the
signal detection. It was concluded that both human IgG and
CAZ215 revealed similar heavy/light chain ratio of 1:1. In
contrast, lambda/kappa ratio of CA215 is about 73:27,
where that of normal human IgG is 40:60.

Discussion
It was well documented that immunoglobulins of undefined

specificity were expressed by cancer cells in humans
[1-10]. It was further hypothesized with experimental

@ Springer

evidences that immunoglobulins are required for the
growth and survival of certain tumor cells [4].

Our previous studies have documented that RP215 Mab
recognizes specifically a carbohydrate-associated epitope
localized in the variable regions of the heavy chains of
immunoglobulins expressed by cancer cells designated in
general as CA215 pan cancer marker [11, 12]. RP215-
specific epitope in CA215 could be detected by RP215-
based enzyme immunoassays in which 10% bovine calf
serum was included in the assay mixture for incubation. It
was further demonstrated that part of CA215 was identified
on the surface of cancer cells derived from many tissue
origins in humans. Therefore, humanized RP215 is a
suitable candidate for development of antibody-based
anti-cancer drugs. However, the molecular nature of
RP215-specific epitope has not yet been fully explored. To
facilitate the anti-cancer drug developments, attempts were
made to generate anti-id antibodies of RP215 which might
serve as the internal image of this specific epitope.
Therefore, anti-id antibodies of RP215 can be developed
into anti-cancer vaccines in humans if the efficacy can be
demonstrated by animal model studies, and mechanisms of
anti-cancer actions are elucidated [16-18, 26].

In the present study, effort was also made to generate rat
anti-id Mabs against RP215, and they are found to behave
similarly to rabbit or mouse anti-id antibodies. The inhi-
bition of the specific binding between CA215 and RP215
by these rat anti-id Mabs (Fig. 1b, d) clearly indicated that
these rat anti-id Mabs may contain the internal image of
CA215. These rat anti-id Mabs are, therefore, good can-
didates for being used as anti-cancer vaccines in humans.
The work is still in progress to demonstrate its anti-cancer
efficacy through active immunization with F(ab’), frag-
ments of rat anti-id Mab in animals or humans [16-18].

From the results of this study, it was clearly demon-
strated that both homologous and heterologous anti-id
antibodies (Ab2) of RP215 could be generated. Immuno-
binding assays showed that mouse anti-rabbit anti-id sera
(Ab3) exhibited a high binding specificity to CA21S5,
similar to that of RP215 (Fig. 1). Furthermore, by Western
blot assay, both mouse Ab3 and RP215 recognized the
same protein band(s) of 60 kDa which corresponds to those
of immunoglobulin heavy chains under reducing conditions
(Fig. 2).

RP215 was shown to induce apoptosis of cancer cells
cultured in vitro. This was clearly demonstrated by TUNEL
assay following 24, 48, and 72 h incubation of cultured
OC-3-VGH cancer cells with RP215. Mice Ab3 were
shown to have similar effect on cellular apoptosis to that of
RP215 as shown in Fig. 3a—c.

Effects of other antibodies on the induced apoptosis of
cultured cancer cells were also investigated. While incu-
bation of cancer cells with human IgG resulted in little or
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no effects on the growth of cancer cells, goat anti-human
IgG inhibited the tumor cell growth by inducing apoptosis
similar to or stronger than that of RP215 under the same
experimental conditions. This observation seems to indi-
cate that cancer cell-derived immunoglobulins on the cell
surface are crucial for the proliferation of cultured cancer
cells. This observation was also consistent with that
reported previously by others [4]. They also observed that
the stimulation of cancer cell growth was promoted by
human IgG and inhibited by anti-human IgG [4]. Similarly,
dose-dependent induction of apoptosis of cancer cells by
RP215 was also observed in this study. This result is
consistent with that of nude mouse experiments, in which
the in vivo tumor growth inhibition by RP215 was
observed [14], similar to that by goat anti-human IgG [4].

It was known that expressions and regulations of ribo-
somal proteins are essential for protein synthesis and
growth regulation. In this study, the effects of RP215
treatments on the gene expressions (mRNA) of four ribo-
somal proteins PO, P1, P2, and L37 were further investi-
gated by using RT-PCR (Fig. 4c). It was generally
observed that upon treatment with RP215 for 24 h, the
expression levels of four ribosomal proteins were found to
decrease significantly as compared to that of the internal
control gene, GAPDH. This observation clearly indicates
that the effect of RP215 binding to cancer cells can induce
apoptosis through downregulations of mRNA expression of
ribosomal proteins which are essential for protein synthesis
and cell proliferations [23].

The epitope stability of CA215 was also investigated in
this study. From the results of this study, it can be con-
cluded that carbohydrate-associated epitope is relatively
stable in human serum solution at neutral pH. The in vivo
half-life of RP215-specific epitope was also demonstrated
in mice, and was found to be as long as 5-10 days. This
observation indicated that RP215-specific epitope in
CAZ215 secreted from cancer patients is relatively stable for
the monitoring by RP215-based sandwich enzyme immu-
noassay [15]. The instability of RP215-specific epitope at
extreme pH’s or following NalO, treatments could be
attributed to the molecular nature of carbohydrate-associ-
ated epitope. Furthermore, the stability of RP215-specific
epitope was not affected by the in vitro cell culture in the
presence of tunicamycin or treatments of partially purified
CA215 with N-glycanase. This observation may suggest
that the RP215-specific epitope of CA215 is an O-linked
glycan in nature. Further experiments are in progress to
elucidate the molecular structure of this RP215-specific
carbohydrate-associated epitope.

By Western blot and immunobinding assays as well as
RT-PCR [12], one can ascertain that CA215 is structurally
identical to human IgG except with altered lambda/kappa

light chain ratio and the existence of unique RP215-specific
epitope on the heavy chain of the former.

In summary, the RP215-specific carbohydrate-associ-
ated epitope in CA215 can be a good target for the
development of anti-cancer vaccines. These anti-cancer
vaccines can simply be derived from the active immuni-
zations with anti-id Mabs of RP215. Based on the results of
TUNEL assay, one can suggest that Ab3 exhibits a similar
degree of anti-proliferative or apoptotic effects on cancer
cells as RP215 presented in this study.
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