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ABSTRACT 

Antigen receptors, including immunoglobulins 
and T-cell receptors, are known to be widely ex- 
pressed by cancer cells through unconfirmed 
mechanisms and for unknown purposes. Re- 
cently, a monoclonal antibody, designated as 
RP215, was generated against the ovarian can- 
cer cell line, OC-3-VGH, and was shown to react 
with CA215, which consisted mainly of these 
cancer cell-expressed antigen receptors. Ex- 
perimental evidence has clearly indicated that 
cancerous immunoglobulins play significant 
roles in the growth and proliferation of cancer 
cells in vitro and in vivo. RP215 and anti-antigen 
receptor antibodies were equally effective in 
inducing apoptosis and complement-dependent 
cytotoxicity reactions to cultured cancer cells. 
Through gene regulation studies, both RP215 
and antibodies against antigen-receptors were 
shown to affect more than a dozen of genes in- 
volved in cell proliferation (such as NFκB-1, IgG, 
P21, cyclin D1, ribosomal P1, and c-fos). Fur- 
thermore, selected toll-like receptor genes (TLR- 
2, -3, -4, and -9) were also found to be highly 
regulated by both RP215 and anti-antigen re- 
ceptor antibodies. For example, RP215 and anti- 
antigen receptor antibodies were found to both 
up-regulate TLR-2 and/or TLR-3 and down- 
regulate TLR-4 and TLR-9 in two types of cancer 
cells. Based on these studies, it is reasonable to 
postulate that cancerous immunoglobulins play 
important roles in the modulation of the innate 
immune system to allow the growth and survival 
of cancer cells within the human body. Conse- 
quently, RP215 in its humanized forms may be 

utilized to target cancer cells for potential thera- 
peutic purposes. 
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1. INTRODUCTION 

Immunoglobulins expressed by cancer cells were ini- 
tially reported more than a decade ago [1-18]. By use of 
nested reverse transcription polymerase chain reaction 
(RT-PCR) on a single cell, it was first observed that the 
genes of antigen receptors, including those of immu- 
noglobulins and T cell receptors (TCRs), were expressed 
among several different cancer cell lines [1,3,5,6,13]. 
This phenomenon was initially regarded as spontaneous 
gene expressions, with little attention paid to its mecha- 
nisms or consequences [1]. However, the expressions of 
cancerous immunoglobulins in almost all cancer cells, 
tissues, and cell lines, could also be demonstrated through 
other biological and immunological methods. These 
methods included immunohistochemical assays, Western 
blots, in situ hybridizations, and transfection with im- 
munoglobulin-specific small interfering RNA (siRNA) 
[14]. Following transfections of specific siRNA plasmids, 
which resulted in down regulation of cancerous immu- 
noglobulin expression, it was found that there was sig- 
nificant growth inhibition of cancer cells both in vitro 
and in vivo [3,19]. Based on these experimental observa- 
tions, it was proposed that cancerous immunoglobulins 
were essential for the growth and proliferation of cancer 
cells. However, little is known regarding the mechanisms 
of action of these cancerous immunoglobulins, as well as 
their potential benefit in cancer therapy. 

In 1987, RP215 monoclonal antibody (Mab) was ini- 
tially generated against the OC-3-VGH ovarian cancer 
cell line and found to react with a carbohydrate-specific 
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epitope of CA215 glycoproteins expressed by cancer 
cells [20,21]. Matrix-assisted laser desorption/ionization 
time-of-flight mass spectrometry (MALDI-TOF MS) was 
employed to analyze more than one hundred tryptic pep- 
tides from affinity-purified CA215. The majority of the 
peptide with the RP215-specific “sugar” epitopes was 
found to consist predominantly of the heavy chains of 
human immunoglobulins [10]. Furthermore, the RP215- 
specific epitope was also detected in many other CA215 
glycoproteins, including TCRs, cell adhesion molecules, 
and other glycoproteins, with as many as 60% of these 
glycoproteins belonging to the immunoglobulin super-
family (IgSF) [22]. Due to the existence of unique and 
common immunoglobulin-like domains in IgSF proteins, 
favorable and preferential glycosylation sites may be 
created, each of which may contain one or more of the 
RP215-specific “sugar” epitopes [10,23].  

Following the discovery of RP215 and its cognate an- 
tigen, CA215, many biological and immunological stud- 
ies were performed [22,24-26]. The major emphasis of 
these studies has been placed on the roles of cancer cell- 
expressed antigen receptors and/or CA215 in the growth 
regulations of cancer cells, as well as the possible mecha- 
nisms of action of these antigen receptors and CA215 [22, 
27]. The primary gene structures of the detected cancer- 
ous immunoglobulins, in particular immunoglobulin G 
(IgG), were also determined by established molecular 
biological techniques [24]. Limited diversifications and 
variations in the VHDJH segments of the heavy chain 
region in cancerous IgG were detected in many cancer 
cell lines and cancerous tissues [14]. This observation 
marks a significant difference between cancerous IgGs 
and normal B-cell derived IgGs. Furthermore, strong 
interactions between cancerous IgGs and toll-like recap- 
tors (TLRs) in the innate immunity of cancer cells were 
observed through extensive gene regulation studies [28]. 
These experimental observations seem to suggest that 
cancerous antigen receptors may play undefined roles in 
the innate immune system, similar to those of TLRs in 
cancer cells [29].  

Three separate reviews have been published during the 
last five years regarding the research progress and up-to- 
date knowledge of cancerous immunoglobulins [30-32]. 
Due to the lack of sufficient experimental evidence, the 
majority of these reviews only reported the summary of 
available research results with little definite conclusion 
regarding the roles and mechanisms of action of these 
cancerous immunoglobulins. The situation was some- 
what improved, when RP215 was identified as a unique 
probe for further studies of cancerous immunoglobulins 
[21-25]. However, it later became apparent that CA215 
glycoproteins, each of which contained the RP215-spe- 
cific epitope, consisted of more protein molecules than 
immunoglobulins. Following extensive biological and im- 

munological studies of many cancer cell lines, RP215 
was found to behave like antibodies against antigen re- 
ceptors in cancer cells [22]. Therefore, additional pro- 
gress has been made by using RP215 as the probe in stu- 
dies of cancer cell-expressed antigen receptors, particu- 
larly in determining the mechanisms of action behind 
these cancerous antigen receptors. During the last decade, 
many studies have been performed to explore the mo- 
lecular nature of cancerous immunoglobulins. Although 
TCRs are also widely expressed among cancer cells, few 
studies have been reported regarding their roles or ac- 
tions in the growth regulations of cancer cells, when 
compared to the functions of T cells in our normal im- 
mune systems [22,28]. 

In view of these considerations, attempts were made to 
summarize the recent studies on cancerous immuno- 
globulins or antigen receptors, as well as to postulate 
their potential roles in the growth regulations of cancer 
cells. We believe that a better understanding of cancer 
immunology can be achieved through an extensive re- 
view regarding the roles of antigen receptors and CA215, 
as well as the innate immunity in cancer cells.  

2. EXPRESSIONS OF  
IMMUNOGLOBULINS AND CA215 
FROM NON-B CELLS 

In a previous review, immunoglobulin expressions in 
many cancer cell lines and tissues were summarized [32]. 
With no exceptions, immunoglobulins can be detected in 
almost all types of cancer cells and cancerous tissues. In 
addition, the relative ratios of different subclasses of 
immunoglobulin expressions were found to be similar to 
those of normal B cell immunoglobulins. By use of semi- 
quantitative RT-PCR analysis, IgG was still found to be 
the predominant class, followed by immunoglobulin A 
(IgA) and immunoglobulin M (IgM). Genes that are re-
quired for the expressions of immunoglobulins were also 
detected, including those of recombination activating 
gene 1 and 2 (RAG1 and RAG2), and activation induced 
(cytidine) deaminase (AID) in OC-3-VGH ovarian can-
cer cells [13].  

Immunoglobulins expressed by non-B cells were also 
detected in many normal cells or tissues [3]. Most of the 
non-B cell-expressed immunoglobulins were found in 
tissues containing hyperplastic epithelial cells, including 
those of the skin, esophagus, cervix, and immune privi- 
leged sites, such as in the eyes, testis, brain neuron, and 
placenta [31]. Due to the lack of experimental evidence, 
the immunoglobulin expressions among these normal tis- 
sues could only be explained by the assumption that they 
may be required for immune protection [17,27,33-39]. 

The expressions of immunoglobulins were also found 
to be correlated with cancer cell markers of proliferations 
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and cancer stages [17,27,33-39]. A biochemical and im- 
munological analysis was also employed to study the 
distribution of CA215 which was recognized specifically 
with RP215. Generally speaking, both cancerous immu- 
noglobulins and CA215 expression were parallel in al-
most all cancer cells or tissues studied, with few excep- 
tions [13].  

3. MOLECULAR NATURE AND  
EXPRESSION OF CANCEROUS  
IMMUNOGLOBULINS 

During the past decade, distinct regulatory mecha- 
nisms for the expression of immunoglobulins in cancer 
cells compared to those of B cells have been demon- 
strated at the transcriptional, translational and post- 
translational levels (14, 32). It was initially suggested 
that cancerous immunoglobulin gene transcripts have 
distinct VHDJH recombination characteristics within hu- 
man cancer cells. Generally speaking, several established 
mechanisms are known to generate immunoglobulin di- 
versity in normal B cells, including recombination, and 
insertion of VH, D, and JH exons to form the immu- 
noglobulin heavy chains [14,40-43]. Subsequent interac-
tions or activations with antigen result in somatic hy- 
permutation and class switching, as well as generation of 
greater immunoglobulin diversity. In the case of non-B 
cells, i.e. either cancer or normal cells, immunoglobulin 
VH genes showed restricted patterns of VHDJH combina- 
tions [14]. Furthermore, only limited sets of predominant 
functional VHDJH gene recombinations were identified in 
human cancer cells. Immunoglobulin mutations in can- 
cerous immunoglobulins mainly occur in the framework 
region III (FWRIII) rather than the complementarity de- 
termining region (CDRs), which is atypical for normal B 
cell-derived immunoglobulins. This observation may 
help explain why different cancer cell samples from dif- 
ferent individuals expressed immunoglobulins with iden- 
tical VHDJH recombination patterns. In contrast to normal 
B cell immunoglobulins, cancerous immunoglobulins’ 
VHγDJHγ variations have limited mutations and are not 
derived from the same class switching mechanisms [14, 
40]. The regulatory mechanisms of cancerous immu- 
noglobulin genes at the transcriptional level were also 
found to be distinct from those for B cell immunoglobu- 
lins. In addition, the promoter used for the expression of 
cancerous immunoglobulins is distinct from that used for 
B cell-derived IgG (OCT1 5’-ATGCAAAT-3’ vs. OCT-2 
in B cells) [40].  

At the translational levels, several studies have indi- 
cated that cancerous immunoglobulins exhibited identi- 
cal amino acid sequences (≥99%) in the heavy chain 
constant region as B cell-derived immunoglobulins [10]. 
At the post-translational level, distinct and differential 
glycosylations of cancerous immunoglobulins were ob- 

served [10,23]. The RP215-specific epitope was created 
through post-translational glycosylation on cancerous 
immunoglobulins. RP215 was the first Mab to react spe- 
cifically to the carbohydrate-associated epitope in CA215 
[10,22], and may be the first example demonstrating a 
distinction between cancerous immunoglobulins and B 
cell immunoglobulins at the post-translational level. Al- 
though this “sugar” epitope may also appear in many 
other CA215-related glycoproteins, more research in- 
volving cancerous immunoglobulins can be facilitated 
through the use of RP215 as a unique probe. At the same 
time, RP215 may have the potential to be developed as 
anti-cancer drugs for the therapeutic treatment of cancer 
in the future [27]. 

4. MOLECULAR CHARACTERISTICS OF 
THE CARBOHYDRATE-ASSOCIATED 
EPITOPE RECOGNIZED BY RP215 
MONOCLONAL ANTIBODY 

Based on the observations of loss of epitope binding 
activity to RP215 following treatments of CA215 with 
mild sodium periodate (NaIO4), the epitope recognized 
by RP215 was suggested to be carbohydrate-associated 
[21]. The RP215-specific epitope can be detected in 
CA215 from almost all cancer cells. From the shed me- 
dia of cultured OC-3-VGH ovarian cancer cells, cancer- 
ous IgG was affinity-purified sequentially by RP215 and 
goat anti-human IgG affinity columns, respectively [23]. 
It was further demonstrated that the O-linked glycan 
epitope recognized by RP215 is found only in cancerous 
IgG, but not in normal human IgG [23]. By using goat 
anti-human IgG as both the capturing and detecting 
probe, cancerous IgG was shown to exhibit extremely 
low immunoreactivity when compared to normal IgG. 
This observation seems to indicate that the immunoreac-
tivity of cancerous IgG may be blocked by the additional 
glycosylations on cancerous IgG.  

Cancerous IgG isolated from affinity-purified CA215 
was subjected to glycoanalysis by means of glycopeptide 
mapping. The primary structure of the RP215-specific 
“sugar” epitope was further elucidated and tentatively 
assigned as “GalNAc1Gal1NeuAc1” or “GalNAc1Gal1 
NeuAc2”, preferentially located on the fragment antigen- 
binding (Fab) regions of cancerous IgG [23]. This 
“sugar” epitope was considered unique for cancerous IgG, 
as normal human IgG do not carry this O-linked RP215- 
specific “sugar” epitope [23]. Further structural analysis 
would be required to obtain the precise linkage structure 
of the carbohydrate moiety recognized by RP215.  

The presence of the RP215-specific “sugar” epitope in 
cancerous IgG can also be demonstrated by RP215-based 
enzyme immunoassay [23]. Although cancerous IgG is 
believed to be additionally glycosylated as compared to 
normal IgG, the binding or functional activity of cancer-
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ous IgG to certain unknown antigens may or may not be 
affected [44]. 

5. RP215 AS THE DIAGNOSTIC TOOL 
FOR THE STUDY OF CANCER CELL 
PROLIFERATION, MIGRATION, AND 
CHEMO-RESISTANCE 

CA215 consists mainly of immunoglobulin heavy 
chains expressed by cancer cells, each of which contains 
one or more of the RP215-specific epitope. Therefore, 
RP215 can be an ideal immune-probe to differentiate 
between immunoglobulins of B cells and cancer cells for 
studies of the growth regulations of cancer cells in vitro 
and in vivo. For example, RP215 can be used independ- 
ently for monitoring of serum CA215 levels among can- 
cer patients in an enzyme immunoassay kit [24]. At the 
same time, RP215 can also be used as a diagnostic tool 
in pathology to investigate the proliferation, migration 
(metastasis), and chemo-resistance of cancer cells from 
cancerous tissues. In view of the co-localization of 
CA215 and cancer stem cell markers, such as CD44 and 
cytokeratin 5/6 (CK5/6) [45], RP215 can also be used to 
identify or locate cancer stem cell populations. With 
RP215 as the immune-probe, several biochemical and 
immunological techniques including flow cytometry, 
immunofluorescence assays, cell scratch tests, and me- 
thylthiazoletetrazolium (MTT) assays were employed to 
determine the status of cancer cells. By using RP215 as 
the specific probe, the relative expressions of immu- 
noglobulins or IgSF proteins in cancer cells, as well as 
the proliferation status of cancer cells, can be assessed 
based on the staining intensity of RP215 in immunohis- 
tochemical assays. Generally speaking, cancer cells with 
strong RP215 staining were shown to have a higher de- 
gree of migration or growth potential than those with 
weak staining. Therefore, the former are more resistant to 
treatments with chemotherapeutic agents such as taxol 
than the latter [26,45]. The results of cell scratch tests 
seemed to suggest that CA215 with a high degree 
RP215-specific “sugar” attachments or strong RP215 
staining intensity tend to facilitate cancer cells to migrate 
or metastasize under an in vitro or in vivo environment. 
Therefore, RP215 can be considered as a useful diagnos- 
tic tool for clinical determination of the metastatic status 
of cancer cells in vivo [26,45]. 

6. FUNCTIONAL STUDIES OF 
ANTI-ANTIGEN RECEPTOR  
ANTIBODIES AND CA215 ON THE 
GROWTH AND PROLIFERATION OF 
CANCER CELLS 

To investigate the roles of cancerous antigen receptors 
and CA215 in cancer cells, functional assays were per- 

formed with antibodies against antigen receptors and 
RP215. Two functional assays were performed to assess 
the roles of antigen receptors, as well as CA215, on the 
growth and proliferation of cancer cells. Induced apop- 
tosis and complement-dependent cytotoxicity (CDC) 
assays were commonly used for these types of in vitro 
studies [22,27,46]. 

6.1. Induced Apoptosis and Nude Mouse 
Experiments for Functional  
Assessment 

Antibodies against antigen receptors, as well as RP215, 
were employed in an in vitro induced apoptosis assay to 
study their effects on cultured cancer cells [22,23,46,47]. 
Following 24 to 48 hr incubation of cultured cancer cells 
with respective antibodies against antigen receptors, or 
with RP215, induced apoptosis was assessed by the ter- 
minal deoxynucleotidyl transferase dUTP nick end la- 
beling (TUNEL) assay. With no exceptions, anti-antigen 
receptor antibodies and RP215 were shown to induce 
apoptosis of cultured cancer cell at ligand concentrations 
of 1 - 10 µg/mL. Results of such comparative analysis 
are summarized in Figure 1. Furthermore, humanized 
RP215 was shown to be as effective as RP215 in induc- 
ing apoptosis to cultured cancer cells [28]. Similar results 
of induced apoptosis were obtained with cancer cell lines 
of many tissue origins, including PC-3 (prostate) and 
OC-3-VGH (ovary) [27]. Induced apoptosis of cultured 
cancer cells was also demonstrated with antibodies 
against immunoglobulin M (IgM), immunoglobulin A 
(IgA), λ light chain, and κ light chain. These observa- 
tions strongly indicate the requirement of different sub- 
classes of cancerous immunoglobulins on the surface of 
cancer cells for their growth/proliferation, as well as their 
immune protection.  

Consistent with these induced apoptosis results ob- 
served in cultured cancer cells, both RP215 and anti- 
human IgG were demonstrated to inhibit the growth of 
implanted tumors in nude mouse experiments with 
dose-dependency of injected antibodies. The results of 
these in vivo studies are presented and shown in Tables 1 
and 2 with OC-3-VGH ovarian cancer cells and SK- 
MES-1 lung cancer cells as tumor models, respectively. 
From the data presented in Tables 1 and 2, the dose-de- 
pendent reactions of RP215 Mab injections on the vol- 
umes of implanted tumors can be demonstrated with sig- 
nificant statistical differences [10,27].  

6.2. Complement-Dependent Cytotoxicity 
Assay: Treatments of Anti-Antigen  
Receptor Antibodies and RP215 to  
Cultured Cancer Cells 

Due to the surface nature of antigen receptors and      

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



G. Lee, S. Liu / Open Journal of Immunology 3 (2013) 127-138 

Copyright © 2013 SciRes.                                                                    

131

  

 
(a) 

 
(b) 

Figure 1. TUNEL apoptosis assay to demonstrate (a): increase in apoptosis of cultured cancer cells 
from the prostate (DU-145), lung A549), cervix (C-33A), and ovary (OC-3VGH), respectively, in re-
sponse to 24 hrs of treatment with 10 μg/mL of RP215 with normal mouse IgG serving as the nega-
tive control, and (b): increase in apoptosis of cultured OC-3-VGH ovarian cancer cells in response to 
24 hrs of treatment with 10 μg/mL of indicated antibodies: goat anti-human IgG (GαhIgG), goat anti- 
human IgM (GαhIgM), goat anti-human IgA (GαhIgA), goat anti-human lamda light chain (GαhIgλ), 
and goat anti-human kappa light chain (GαhIgκ) with normal mouse IgG serving as the negative con-
trol. (*) and (**) indicate statistical significance of P < 0.05 and P < 0.01, respectively. (Obtained and 
modified from [27] with permission). 

 
CA215 in cancer cells, CDC reactions in cancer cells can 
be induced upon incubation of any of these ligands in the 
presence of complement. Results of CDC reaction assays 
were demonstrated in Figure 2 with different cultured 
cancer cells. Generally speaking, both antibody-depen- 
dent cellular cytotoxicity (ADCC) and CDC reactions are 

among the most important effector functions of anti- 
body-based drugs to induce cytotoxicity of cancer cells 
in vitro or in vivo [27]. Therefore, RP215 may be a suit- 
able alternative for anti-immunoglobulin antibodies with 
significant anti-cancer efficacy. Based on indications by 
induced apoptosis and CDC activities, RP215 can be     
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Table 1. Results of nude mouse experiments (n = 4 for each group) following injection of RP215 on 
tumour volumes of implanted OC-3-VGH ovarian cancer cellsa. 

Group Conditions Tumor volume ± SDb (mm3) 

Negative control Solvent (H2O:oil = 1:1) 160.8 ± 20.1 

Positive control 60 mg/kg cyclophosphamide 92.3 ± 8.3* 

Antibody high dose 10 mg/kg RP215 Mab 85.5 ± 1.9** 

Antibody low dose 2 mg/kg RP215 Mab 113.7 ± 29.4* 

I131-labeled antibody high dose 10 mg/mL I131-labeled RP215 Mab 47.0 ± 15.9** 

I131-labeled antibody medium dose 5 mg/mL I131-labeled RP215 Mab 71.4 ± 12.4** 

I131-labeled antibody low dose 2 mg/mL I131-labeled RP215 Mab 136.0 ± 43.1 

aProtocols for OC-3-VGH with RP215 Mab are described in [27]; bVolumes were measured on day 16. (*) and (**) indicate 
statistical significance of P < 0.05 and P < 0.01, respectively, in comparison with negative control group. (Obtained and 
modified from [27] with permission). 

 
Table 2. Results of nude mouse experiments (n = 5 for each group) after injection of RP215 on tu-
mour volumes of implanted SK-MES-1 lung cancer cellsa. 

Group Condition (dose/mouse) Tumor volume ± SDb (mm3) 

Negative control Phosphate-buffered saline 500.9 ± 66.0*** 

Positive control 
Gemcitabine (GEM) (1000 mg/m2)  

+ cisplatin (CDDP) (80 - 100 mg/m2)/dose 
99.26 ± 28.1*** 

Antibody high dose 0.75 mg/dose RP215 Mab 218.8 ± 24.0*** 

Antibody low dose 0.14 mg/dose RP215 Mab 276.8 ± 27.9*** 

aProtocols for SK-MES-1 with treatment of indicated antibodies are described in [27]; bTumors were removed and vol-
umes measured after 6 weeks. (***) indicates statistical significance of P < 0.01, in comparison with the negative control 
group. (Obtained and modified from [27] with permission). 

 

 

Figure 2. CDC assay to demonstrate the effect of RP215 Mab and its chimeric form (chRP215) on 
the complement-dependent cell lysis of OC-3-VGH ovarian cancer cells and PC-3 prostate cancer 
cells. Non-treatment (NT) or 3 μL freshly prepared rabbit baby complement (C only) were used as the 
negative controls (shaded in black). Respective effects of normal mouse IgG (NMIgG), RP215, chi-
meric form of RP215 (chRP215), and goat anti-human IgG (GαhIgG) on either OC-3-VGH ovarian or 
PC-3 prostate cancer cells (cell line used is indicated in parentheses) are shown. White bars represent 
the Mab (10 μg/mL) alone while grey bars represent the Mab (10 μg/mL) plus complement. (*) and 
(**) indicate statistical significance of P < 0.05 and P < 0.01, respectively. (Obtained and modified 
from [27] with permission). 
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developed as a suitable anti-cancer drug [27,46]. 

7. GENE REGULATION PATTERNS  
FOR THE GROWTH INHIBITION OF  
CANCER CELLS BY ANTI-ANTIGEN 
RECEPTOR ANTIBODIES OR RP215 

It has been generally accepted that cancerous immu- 
noglobulins are essential for the growth and proliferation 
of cancer cells, although the mechanism by which can- 
cerous immunoglobulins achieve this remains unknown 
[3]. In an attempt to elucidate the possible mechanisms 
of action of these cancerous immunoglobulins, a broad 
spectrum of gene regulation studies were performed with 
semi-quantitative RT-PCR. Treatments of OC-3-VGH 
ovarian and C-33A cervical cancer cells in culture with 
anti-antigen receptor antibodies or RP215 resulted in 
dramatic gene regulation changes, which may affect the 
growth/proliferation or induce apoptosis of cancer cells. 
Among the genes selected for comparative studies, 
RP215, anti-human IgG, and anti-TCRs were found to 
upregulate the genes of nuclear factor kappa-B p105 
subunit 1 (NFκB-1), IgG, TCR, cyclin-dependent kinase 
inhibitor 1 (p21), and ribosomal protein P1. In contrast, 
downregulations of G1/S phase regulation protein (cyclin 
D1) and cellular proto-oncogene (c-fos) were consis- 
tently observed. Generally speaking, antibodies against 
IgG, TCRs, and RP215 were found to regulate expres- 
sions of these genes consistently with excellent correla- 
tion coefficients (R2 ≥ 0.90 - 0.94). These results, as well 
as those of other genes are displayed in Table 3 with the 
correlational analysis illustrated in Figure 3 [28]. 

8. EFFECTS OF RP215, ANTI-HUMAN 
IMMUNOGLOBULIN G, AND ANTI-T 
CELL RECEPTORS ON THE GENE 
REGULATION OF TOLL-LIKE  
RECEPTORS 

Since the expressions of cancerous immunoglobulins 
are distinct from those of B cell origins, it can be ex- 
pected that these atypical immunoglobulins may be in- 
volved in the innate immunity of cancer cells. Therefore, 
the effects of anti-antigen receptor antibodies and RP215 
on the gene regulations of TLRs, which are essential 
elements of the innate immune system in cancer cells, 
were examined. TLRs are known to belong to the family 
of pattern-recognition receptors (PPRs) which recognize 
microbe-associated molecular patterns (MAMPs), and 
play important roles in innate immunity [29,48-51]. In 
addition, TLRs are also involved in carcinogenesis and in 
the growth/proliferation of cancer cells [52-59]. Recent 
studies have demonstrated the expression of TLRs in 
tumour cells, in addition to their expression in both im- 
mune and epithelial cells. These cancerous TLRs are  

Table 3. Effects of treatments of cultured OC-3-VGH ovarian 
cancer cells with different antibodies on the expressions of 
various genes involved in cell proliferation, protein synthesis, 
cell cycle regulations, and the innate immunity. 

Antibody (10 µg/mL) 

Genea Goat anti-human 
immunoglobulin G 

Rabbit anti-T 
cell receptor β

Murine 
RP215

Immunoglobulin G 0b 0 0 

T cell receptor ↑ ↑↑↑ ↑↑↑ 

NFκB-1 ↑↑↑ ↑↑↑ ↑↑↑ 

Cyclin D1 ↓ ↓↓ ↓↓↓ 

P21 ↑↑↑ ↑↑↑ ↑↑↑ 

c-fos ↓ 0 ↓ 

Ribosomal protein Po ↑↑↑ ↓↓↓ 0 

Ribosomal protein P1 ↑↑ ↑ ↑ 

Epidermal growth 
factor receptor 

↑↑↑ ↓↓↓ ↓↓↓ 

TLR-3 ↑↑↑ ↑↑↑ ↑↑↑ 

TLR-4 ↓↓↓ ↓↓↓ ↓↓↓ 

TLR-9 ↓↓↓ ↓↓↓ ↓↓↓ 

aExpressions of genes involved were adjusted with that of glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH); bThe negative control was 
normal mouse IgG and was considered 100% in all cases. (0) less than 10% 
gene expression increase or decrease, (↑) 10% - 20% gene expression in-
crease, (↑↑) 20% - 30% gene expression increase, (↑↑↑) more than 30% 
gene expression increase, (↓) 10% - 20% gene expression decrease, (↓↓) 
20% - 30% gene expression decrease, (↓↓↓) more than 30% gene expression 
decrease. (Obtained and modified from [28] with permission). 

 
believed to promote both tumor growth and immune 
evasion through upregulation of NFκB and production of 
anti-apoptotic molecules [29,60,61]. A variety of cancer 
cells and cancer cell lines have been shown to express 
functionally active TLRs, such as TLR-2, -3, -4, and -5 
in ovarian cancer [29,61,62], TLR-3, -4, -5, and -9 in 
cervical cancer [61,63-65], TLR-9 in lung cancer [43], 
TLR-4, -5, -9 in gastric cancer [66], and TLR-2, -3, and 
-4 in colorectal cancer cells lines [67]. In general, TLR-4 
and TLR-9 was found to be most strongly expressed in 
human cancer cells [32]. However, the endogenous 
ligand for these cancerous TLRs and the mechanism by 
which TLRs promote carcinogenesis remains unknown 
[60].  

Detailed analysis was performed regarding the gene 
expression of selected TLRs upon treatments of cultured 
cancer cells with anti-antigen receptor antibodies or 
RP215. The expressions of TLR-4 and TLR-9 genes 
were downregulated consistently upon treatments with 
anti-antigen receptor antibodies or RP215, when two 
different cancer cell lines, namely OC-3-VGH ovarian 
and C-33A cervical cancer cells, were tested for com- 
parisons. 
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(a) 

 
(b) 

Figure 3. Correlational analysis of the changes in gene expres-
sion levels with different pairs of antibody treatments. Some 
genes selected for correlational analysis include IgG, T cell 
receptor α, NFκB-1, cyclin D1, P21, c-fos, ribosomal proteins 
Po, P1, and P2, epidermal growth-factor receptor, TLR-2, TLR-3, 
TLR-4, and TLR-9. (a): RP215 and anti-human IgG treatments. 
(b): RP215 and anti-TCR antibody treatments. The correlation 
coefficients (R2) are 0.9135 and 0.9071, respectively. (Obtained 
and modified from [28] with permission). 

9. SPONTANEOUS IMMUNOGLOBULIN 
M PRODUCTION AND TOLL-LIKE 
RECEPTORS IN CANCER CELLS 

Many epithelial cancer cells were found to produce 
IgM, similar to natural IgM produced in B-1 B cells. 
Secretion of IgM was shown to be increased upon stimu- 
lation of TLR-9 which mimics bacterial infection [18]. It 
was further demonstrated that the expression and secre-
tion of cancer cell-derived IgM is mediated through the 
TLR-9 myeloid differentiation primary response protein 
88 (MyD88) pathway. However, most natural IgM are 
polyreactive and can bind with low affinity to a number 
of different antigens prior to the onset of the adaptive 
immune response [18]. On the other hand, a TLR-4 ago- 
nist, such as lipopolysaccharide (LPS), or TLR-4 antago- 
nist, such as naloxone, failed to stimulate changes in the 
expressions of IgG in cancer cells, indicating unidirec- 
tional control of TLRs by IgG [28]. The differential 
regulations of cancer immunoglobulins such as IgM and 
IgG by different TLRs remain to be investigated.  

10. POSSIBLE ROLES OF CANCEROUS 
IMMUNOGLOBULINS AND 
TOLL-LIKE RECEPTORS IN THE  
INNATE IMMUNE SYSTEM 

Significant gene expression changes in selected TLRs, 
which occur upon bindings to antigen receptors, seem to 
indirectly support the possible inter-related roles between 
TLRs and antigen receptors in cancer cells [28]. In addi- 
tion, similar to anti-antigen receptor antibodies, antibod- 
ies against TLR-4 induced apoptosis to cultured cancer 
cells, suggesting the important role of TLR-4, and possi- 
bly of other TLRs, for the survival of cancer cells in vitro 
or in vivo. While TLR genes were strongly influenced by 
either anti-antigen receptor antibodies or RP215, anti- 
TLR antibodies were found to have little effect on the 
expression of cancerous immunoglobulins. This observa-
tion suggests that cancerous immunoglobulins exhibit 
unidirectional control of TLR genes. Furthermore, treat- 
ment of OC-3-VGH ovarian cancer cells and C-33A cer- 
vical cancer cells with RP215 or anti-antigen receptor 
antibodies resulted in upregulation of NFκB, which is 
also activated by the TLR signalling cascade [28]. NFκB 
is known to be a significant transcription factor involved 
in the gene regulations/expression of both antigen recep- 
tors and TLRs, as well as more than 200 other genes in a 
variety of biological functions in different cell types [29, 
49-51,68-71]. Currently, the exact mechanism by which 
cancerous immunoglobulins alter TLR gene expression 
and cause upregulation of NFκB in cancer cells remains 
to be elucidated. However, both TLRs and cancerous 
immunoglobulins have been shown to be required for the 
growth and survival of cancer cells [19,72-76]. Therefore, 
the expressions of antigen receptors and TLRs in cancer 
cells may be due to their protective roles in the innate 
immune system of cancer cells for cancer cell growth 
and survival. 

11. FUNCTIONAL RELATIONSHIPS 
BETWEEN ANTIGEN RECEPTORS 
AND TOLL-LIKE RECEPTORS IN 
THE INNATE IMMUNITY OF  
CANCER CELLS 

TLRs were known to be the only receptors in the in- 
nate immunity of cancer cells, although cancerous im- 
munoglobulins or antigen receptors may also play paral- 
lel roles [77]. For historical and evolutionary reasons, as 
many as ten TLRs have been identified in human cancer 
cells, each of which can respond to a specific “antigen” 
or “pathogen” through conserved microbial structures 
known as MAMPs, which are common to all microor- 
ganisms.  

The emergence of cancerous antigen receptors, in- 
cluding cancerous immunoglobulins and TCRs, on the 
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cancer cell surface should further enhance the efficacy of 
immune protection in the innate immunity of cancer cells. 
Limited and universal expressions of cancerous immu- 
noglobulins indicate that they may be essential for neu- 
tralization of undefined endogenous or exogenous “anti- 
gens” which are hostile to the growth and proliferation of 
cancer cells. Currently, the experimental evidence is 
lacking in regards to the identity of the “antigen” or 
pathogen” that can be recognized by specific cancerous 
immunoglobulins. Some progress has been made towards 
the identification of the endogenous “antigen,” of can- 
cerous immunoglobulins through double immunoprecipi- 
tation experiments of cancerous immunoglobulins which 
were followed by sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and MALDI-TOF MS. 
From the preliminary analysis, more than two dozens of 
proteins have been identified as potential candidates that 
may interact with cancerous immunoglobulins in vitro or 
in vivo. Some of these proteins may be involved in the 
growth/proliferation of cancer cells. Further refinement 
of this methodology may lead to identification of the 
“antigen” or “pathogen” targeted by a limited number of 
cancerous immunoglobulins (Wang and Gu, Shantou 
University, personal communication).  

The involvement of TLRs in the carcinogenesis of 
cancer cells has been reviewed extensively [29,49-51]. 
Recently, TLR-related research has greatly advanced and 
shows promising therapeutic potential against diseases 
such as inflammation and cancer. It was generally agreed 
that in cancer cells, TLRs play not only roles in micro- 
bial infection, inflammation, and tissue repair, but also in 
driving tumorigenesis upon stimulation [29,49-51]. Based 
on these experimental observations, it can be concluded 
that these TLRs and cancerous immunoglobulins may 
play similar roles in neutralizing undesirable “antigens/ 
pathogens” in the innate immune system of cancer cells 
[28,29,49-51]. Although the “antigens” recognized by 
cancerous immunoglobulins have yet to be defined and 
identified, the targeting ligands of these TLRs are known 
and well established [29]. In addition, strong gene inter-
actions between these two different types of receptors 
through the regulations of NFκB-1 transcription factor 
cannot be underestimated. Therefore, blockages or sup- 
pression of antigen receptors and/or TLRs of cancer cells 
should, theoretically, result in growth inhibition of cancer 
cells. This observation may eventually lead to designing 
a novel strategy to achieve the objective of cancer ther- 
apy. 

12. CONCLUSION 

Although experimental evidence suggests the essen- 
tial requirement of cancerous immunoglobulins for the 
growth/proliferation of cancer cells, the molecular me- 
chanisms of action and the relationships to the innate 

immune system of cancer cells require further investiga- 
tion. Since the expression repertoire of immunoglobu- 
lins from cancer cells is restricted and distinct, only a 
limited number of these immunoglobulins have been 
identified among various cancer cells from cells lines or 
cancerous tissues [14]. Such an expression mechanism is 
quite different from that of normal B cells which can 
express an unlimited number of immunoglobulins. Fol- 
lowing antigen presentation and/or T cell activation, di- 
versified immunoglobulins can be produced from mature 
B cells through the mechanism of somatic hypermutation 
and class switching [14]. Therefore, it is reasonable to 
assume that these cancerous immunoglobulins may be 
produced in a restricted manner for the immune protec- 
tion of cancer cells under the normal human body envi- 
ronment. Furthermore, the gene interactions between 
cancerous immunoglobulins and TLRs are highly coor- 
dinated. The strong associations between cancerous im- 
munoglobulins and TLRs may also imply the immune 
protection of cancer cells in vivo. Therefore, the blocking 
of antigen receptors or TLRs with the appropriate spe- 
cific antibodies or with RP215 could result in induced 
apoptosis of cancer cells in vitro or in vivo [28]. This 
may be one of the important mechanisms of action for 
the development of RP215 as an anti-cancer drug during 
cancer therapy in humans. 
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