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ABSTRACT

While the expression of immunoglobulins and T cetteptors on cancer cells has been well-established
for decades, the potential roles and mechanisnatidn of these cancerous antigen receptors hawve no
been fully elucidated. A monoclonal antibody desitgnl as RP215, which reacts specifically with the
carbohydrate-associated epitope located on theyhefzain region of cancerous immunoglobulins and T
cell receptors, was used as a unique probe to ghelyoles of antigen receptors in the immunolofy o
cancer cells. Through extensive cell-based bioklgisd immunological studies, it was found thathbot
anti-antigen receptors and RP215 demonstratedairaidtions on the gene regulations involved in the
growth/proliferation of cancer cells, as well as tofi-like receptors involved in innate immunityn |
addition, RP215-specific cancerous immunoglobukine believed to capture or neutralize circulating
antigen/antibodies which may be harmful to canagdlsawnithin the human body. In contrast to normal
B and T cells and their respective receptors in ¢baventional immune system, cancer cells co-
express both immunoglobulins and T cell receptard anmune protection is exercised by unique
mechanisms. For example, these cancer cell-expgfeastigen receptors display a lack of class
switching, limited hyper-mutation, aberrant glyctaions and a strong influence on the toll-like
receptors of cancer cells. Therefore, it is hypsitbed that both normal and cancerous immune systems
may co-exist and operate simultaneously within blvenan body. The balance of these two immune
factors for respective surveillance and protectiomy be relevant to the outcome of cancer
immunotherapy in humans. A potential therapeutrategy is being developed by using RP215 as a
drug candidate to target cancer cells based orethleservations.

Keywords: Cancerous Immunoglobulins, CA215, RP215 Monoclomaitibody, Two Immune
Systems, Cancer Immunology

1. INTRODUCTION 2009; Leeet al., 2008; Liet al., 2001; 2004; Qiwet al.,
2003; Zhanget al., 2012; Zhenggt al., 2007a; 2007b;
The expressions of antigen receptors, such as2009; Zhuet al., 2008). In the traditional immune
immunoglobulins and T cell receptors, in cancetscel system, it has been well-established that both & Bn
were not discovered until the 1990s (Babbagel., lymphocytes play differential and interacting rolesour
2006; Chen and Gu, 2007; Het al., 2011; 2012; common immune responses against foreign pathogens,
Huanget al., 2008; 2009; Kimoto, 1998; Lee and Ge, such as bacteria and viruses, in the normal huroady b
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(Murphyet al., 2007). In comparison, the mechanisms of primary amino acid sequences of normal human IgG
action of antigen receptors widely expressed on theand cancer cell-expressed 1gG (C-lgG(are virtually
cancer cell surface are not fully understood arliire identical (Leeet al., 2006). This would indicate that
further investigations (Kimoto, 1998). the genes involved in cancerous immunoglobulins and

Based on previous cell-based bioassays withthose of normal immunoglobulins are of the same
target-specific small interfering Ribonucleic Acid origin in humans (Zhengt al., 2009).

(siRNA) experiments, it was generally concludedttha By Western blot assay with OC-3-VGH cancer cell
the expressions of cancerous immunoglobulins areextract and with affinity-purified CA215, RP215 was
essential for the growth/proliferation of cancetflscén ~ shown to react with broad protein bands with a moé
vitro andin vivo (Li et al., 2004; 2012; Qiwt al., 2003).  Size ranging from 50 to 70 KDa (Leeal., 2008; 2006).
However, it remains to be established if the Through Matrix-Assisted Laser Desorption/lonization
expressions of antigen receptors on the cancer cellime-Of-Flight Mass Spectrometry (MALDI-TOF MS)
surface play any other functional roles in the analy5|§, the identity of the_se affinity-purifiedAZ15 was
immunology of cancer cells, including immune determined to be mainly the heavy chains of
protection or evasion (Vincet al., 2007). immunoglobulins (Leet al., 2008; 2012D).

A major breakthrough came through in 1987, when a A Sandwich immunoassay using RP215 as the
monoclonal antibody designated as RP215 was gewerat CaPturing antibody and horseradish peroxidase (HRP)
against the cell extract of OC-3-VGH ovarian carmst ~ conjugated RP215 as the detecting antibody was
line (Lee et al., 1992). It was later established that employed _to generate o!ose-depend_ent signals of
RP215 reacts specifically with the carbohydrate- CA215 [Fig. 1A). In th|s_ assay, It was _also_
associated epitope located mainly on the heavynshafi demonstra_tfzd that goat_a”“'h“m?r? IgG-Fc antibodies
cancerous immunoglobulins and cancerous T cellq H9 mL_) _sh(_)wed little _ inhibitions on CA215
receptors and not with antigen receptors of themabr signals. This is n cqntrast to goat anti-human 419G
immune system (Leest al., 2006). The group of Fab, where the binding between RP215 and CA215

o . : was greater than 95% inhibited. Results of such
RP215-specific glycoproteins was termed in genasal . N
; : : : comparative binding assays suggested that the RP215
CA215 and consists mainly of immunoglobulin super specific “sugar” epitope is localized preferentaih
family proteins (Leeet al., 2012b). Therefore, RP215 P 9 pItop : b .
. - _the Fab region of the heavy chain of C-1gG andinot
was used as the unique probe for cancerous antige

. e ) the Fc region (Lee and Azadi, 2012; Letel., 2008).
receptors to study their specific/distinct functbnoles Tunicamycin is known to be a potent inhibitor of N-
in cancer cells. One can then ask if such a cancer

. ; ; .~ glycosylation in human cells (Gonzaletsal., 2006). No
immune s_ystem has evolved to exist and IS Ioelnginhibition of RP215 binding to cancer cells waseted
operateq independently of our known normal immune;, he presence of high doses of tunicamycin withie
system in the human body (Letal., 2010). cancer cell cultureRig. 1B). This observation would

~ Since the unexpected discovery of RP215, manyjngicate that the carbohydrate-associated epitope
biological and immunological studies have been recognized by RP215 is not N-glycan-linked, but O-
performed during the last decade to investigate thejjnked. Extensive glycoanalysis was performed with
roles of cancerous antigen receptors and e|UCidat%fﬁnity_puriﬁed CA215, including CA215-D, which
their mechanisms of action in cancer cells (eeel.,  was obtained through a further purification withago
1992). We believe that the results of these studiag anti-human 1gG affinity column. The preliminary
lead to a better strategy in the immunotherapy ofresults of O-linked glycans associated with CA21& a

cancer cells in humans. presented inTable 1 (Lee and Azadi, 2012). Similar
O-linked glycan structures were detected when those

2. STRUCTURAL COMPARISONS of CA215 obtained from OC-3-VGH ovarian and
BETWEEN NORMAL AND CANCEROUS C33A cervical cancer cell lines was compared,
IMMUNOGLOBULINS respectively. From this glycoanalysis, several O-

linked oligoglycans were consistently detected. The
By the use of Reverse Transcription Polymerasedetails of the elucidated structural linkage relaships
Chain Reaction (RT-PCR), it was confirmed that the are still being worked out (Lee and Azadi, 2012).
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3.CLASSSWITCHING AND SOMATIC single clone with many classes and subclasses ssqite

HYPERMUTATION OF NORMAL AND simultaneously (Earlet al., 1980; Honjoet al., 2002).
Based on the molecular cloning analysis, a limited

CANCEROUSIMMUNOGL OBULINS diversity of immunoglobulins with restricted soneati
Normal immunoglobulins are expressed through mutations £20%) was. foun_d to be expressed in cancer
e o b i cells (Earlyet al., 1980; Honjcet al., 2002). The octamer
specific class switching processes and serial Jomat | 2 (5-ATGCAAT-3" (Oct-2) located in th
hypermutations (Honjat al., 2002; Muramatsiet al., element-2 (5 -3) (Oct-2) located in the
immunoglobulin promoter region was determined to be

2000; Papavasiliou and Schatz, 2002). In contrast, ) .
cancerous immunoglobulins can be produced from acrumal to cancerous IgG expression (Z#wal., 2010).
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Fig. 1. Activity of CA215. (A): RP215-based enzyme immun@gsto reveal dose-dependent signal of CA24p (Expressed in
AU/ml) and ef-fects of goat anti-human 1gG-Fg (1 png mL™) and anti-human IgG-FabA() (1 pg mL™) on CA215 signal
intensity. Details of a typical RP215 enzyme immuwgsag are described previously (Lee and Ge, 20089¢t al., 2008).
(B): Effects of 48hr tunicamycin treatmentspd mL™) on CA215 activity in the supernatant of two cugglicancer cells for
OC-3-VGH and C-33A. To each cell line the left aolu is the negative control (assuming 100% activitithout drug-
treatment and the right column is the relative CAag#svity following the drug treatment (expressedriplicate)
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Tablel. Comparative profiles of permethylated O-linked ghgaof five different CA215 samples which consistinha of
cancerous IgG

Sample ID Observed Mass m/z [M+Na]+ Proposed sirect Structure
d
CA215 (lots: A, B and C) 534 GalNAc1Gall oo
CA215 (lots: A and B) 708 GalNAclGallFucl C‘B—D .
CA215 (lots: A, B, D, C, E and F) 896 GalNAclGallNeuAcl ¢-c-o o>:
CA215 (lots: C, E and F) 926 GalNAc1GallNeuGel 0-0-mw F
LN N
CA215C 940 GalNAc1GIcNAc1NeuAcl o7 o
[ §
CA215 (lots: A, B and C) 1140 GalNAc1GIcNAcl1GallNeuAcl oo"
N
CA215 (lots: C, D, E and E) 1257 GalNAclGallNeuAc2 e
[N
o
CA215 (lots: C, E and F) 1317 GalNAc1GallNeuGc2 oo
¢-o-n  o=m
CA215 (lots: A, B, C, Eand F) 1345 GalNAc1GIcNAc1GéiAcl o g
|
CA215 (lots: C, Eand F) 1375 GalNAc1GIcNAc1Gal2NeliGe g

8CA215 lots A, B and C were from OC-3-VGH ovariamaer cells lots A and B were obtained through ahition, whereas lots C, D, E
and F were obtained through elution with 3M uPeat CA215D was obtained by an additional purifioatbf urea-eluted CA215 with goat
anti-human IgG affinity column followed by the saamalysis (CA215D is designated as affinity-putifancerous 1gG). CA215 lots E
and F were from C-33A cervical cancer cef®etected by MALDI-TOF MS method but not found by IM&S method. “N-
acetylgalactosaminer), N-acetylglucosamineaj, Fucose A), Galactosed), N-acetylneuraminic acidl and N-glycolylneuraminic acid
(#). Obtained from (Lee and Azadi, 2012) with peripiss

In contrast, octamer element-1 (Oct-1) is esserntial (Zhouet al., 2006). Among these were genes involved in
normal B cells and is used as transcriptional facto the regulation of the cell cycle (cyclin D1, P2fos),
(Zheng et al., 2009). These observations show that theprotein synthesis (ribosomal proteing Py), regulation of
class switching phenomenon, which occurs in norBal  growth (Epidermal Growth Factor Receptor (EGFR, g
cells, does not take place in immunoglobulins esged by T Cell Receptor (TCR), Nuclear Factor kappa-B pl05
cancer cells. There is also litle diversity of Subunit1 (NkB-1)) and Toll-Like Receptors (TLR-2, 3, 4,
immunoglobulins expressed by cancer cells duentied 9), which are essential for the innate immunitycahcer
somatic hypermutations in the cancerous immuneesyst Cells (Tangét al., 2013). Based on the results of these

(Earlyet al., 1980; Honjcet al., 2002; Zheng al., 2009) extensive studies with semi-quantitative RT-PCRoref
The v molécular .;lature, of v cancérous were made to analyze if the expressions or regulatof

immunoglobulin genes has been previously explorethese genes are Correlate(?_ by éhe p}::)salen%oogfahgsm
(Zheng et al., 2009). For example, seven dominant three anti-antigen receptor ligands (2 p )

o i Jo The results of such comparative gene expression
specific restricted patterns ofy\DJy, recombination analysis are presented Teble 2 (Vince et al., 2007;

have been found in _cancerous |mmunoglobullns.ZhOuet al., 2006). A high degree of consistency in the
However, the mechanisms of hypermutation were changes on gene regulation by these three angeamti
different from antigen selection in the B-cell-dexd receptors was observed. The correlation coeffisient
Vi,DJ, sequence. Therefore, a distinct repertoire of range from 0.90-0.95 when the pair-wise statistical
Vi, DJu, must exist for cancerous immunoglobulins.  gpalyses are performed with either OC-3-VGH ovarian
or C- 33A cervical cancer cell line as the testingdel.
4. GENE REGULATION STUDIES OF Among these genes, those of toll-like receptorsewer
CANCEROUSIMMUNOGL OBULINS strongly affected by RP215 or any other of the tmti-
antigen receptors (Zhaat al., 2006). The results of these
Attempts were made to study the changes in gengyene regulation studies seem to suggest thatBNIF
expression of cultured cancer cells in responghatienge  gene is highly involved in the regulation of thegmes
by RP215, anti-human IgG, or anti-T-cell receptors involved in the growth/proliferation of cancer setind
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therefore is crucial to the immunology of cancelisce
(Ditsworth and Zong, 2004; Gellman, 1997; Rokeical .,
1980; Xieet al., 2009; Young, 2012).

5. DETECTION OF BINDING
SUBSTANCES OF CA215 OR
CANCEROUSIMMUNOGLOBULINSIN
POOLED HUMAN SERUM SPECIMENS

Attempts were made to
proteins/components exhibiting affinity to CA215 ©+

A OD 405 nm

A OD 405 nm

1.8
1.6

14

identify any binding

IgG. Purified CA215 and/or cancerous immunogloksilin
were used as the ligand to capture binding subssaoc
proteins in human circulation (Leg al., 2014a). The
affinity-purified proteins isolated from pooled ham
serum (CA215 S+) were coated on microwelgy( 2).
Biotinylated CA215 or cancerous IgG were shown to
exhibit dose-dependent binding relationship to C&21
and C-lgG by Enzyme Immunoassay (EIA). The
presence of CA215 or C-IgG-associated binding prste
or substances in pooled human serum specimens was
clearly confirmed by binding ELISA in this study.
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Fig. 2. Dose-dependent EIA binding activity between CA21&£dgG and microwells coated with affinity-purifibinding proteins
isolated from pooled human serum specimens. Affipitrified CA215 or C-1gG were first biotinylatedipr to EIA binding
studies. (A): Biotinylated CA215 versus C-IgG S+ edltvells @), or CA215 S+ coated well#), The signal intensity was
determined with 3hr binding incubation at°87 then for signal detection, alkaline-phosphatabeled avidin was used for
additional one hour incubation at 3Z, followed by adding substrate for signal detectidatails were described previously
(Leeet al., 2014a). (B): Biotinylated C-1gG versus C-lgG S-ata wells &), or CA215 S+ coated well#); Experimental
conditions are the same as those in (A)
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Table2. Effects of treatments of cultured OC-3-VGH ovar@nC-33A cervical cancer cells with Goat anti-hunig@ (GehlgG),
rabbit anti-T Cell Receptorf (RuTCRB) and murine RP215 (mRP215) on the expressions adsgarvolved in cell
prolife-ration, protein synthesis, cell cycle regfidns and the innate immunitya

GahlgG Ry TCRB mRP215
Gene 0OC-3-VGH C-33A 0OC-3-VGH C-33A 0OC-3-VGH C-33A
1gG 0 AAA 0 AAA 0 AAA
T cell receptor A 0 ANAN A ANN 0
NF«B-1 AAN AAA AAN AAA AAN AAA
Cyclin D1 v vy vV v \YAYAY AAA
P21 AAN A AAN 0 AAN A
c-fos 4 AAA 0 0 v vy
P, AAN NA \YAYaY4 NA 0 NA
P, AN A A AA A AAA
EGFR AAN NA \VAVAY NA \YAYAY NA
TLR-2 NA AA NA A NA AAA
TLR-3 AAN AAA JAVAVAN AAA AAN AAA
TLR-4 \YAYAY vvv \AYAY v \VAVAV4 \A A4
TLR-9 \VAVAY vvv \VAVAY4 vy \YAYAY \A A4

%0) less than 10% gene expression increase oratgré or A) 10-20% gene expression increast,/{ or A A) 20-30% gene
expression increaseNA A or A A A) above 30% gene expression increasepf ¥) 10-20% gene expression decreaSéM or
VV¥) 20-30% gene expression decreaséMV or YV V) above 30% gene expression decrease, (NA) nolablai Modified
from (Tanget al., 2013) with permission

These binding proteins could be of antibody orgenti  Qiu et al., 2003; Zhenget al., 2007a). Results of such
origins or of other origins (Leet al., 2014a). Based on studies are presented ig. 3A. Through these studies,
these observations, it seems reasonable to asdahe t it was demonstrated that apoptosis can be induged i
cancerous immunoglobulins or CA215 displayed on thecultured cancer cells by a number of anti-antigen
cancer cell surface may have functional activittes receptors, including RP215, anti-lgG, anti-IgM,idgf,
capture or neutralize unidentified substances iolggb  anti-Ig\ and anti-TCRB. Interestingly, anti-TLR-4 was
human serum specimens as a means of immunealso found to induce apoptosis in cultured canedls c
protection for the cancer cells (Lest al., 2014a). following the same incubation conditions. SimilafiRP215
Conversely, these CA215 or C-IgG-specific substance was also shown to induce Complement-Dependent
might be present in normal human circulation to Cytotoxicity (CDC) reactions (Leet al., 2012a). CDC
neutralize or inactivate cancer cells. The reagonshe reactions can also be induced in cancer cells upon
presence of these binding substances remain to becubation with many anti-antigen receptors. Ttseilte are
investigated. It is currently unknown whether these shown inFig. 3B for comparative purposes.

substances are naturally occurring or induced timou The results of these two cell-based biological yssa
appropriate immune responses to circulating caceks clearly demonstrate that RP215 has anti-cancer
in the human immune system. properties and its humanized forms demonstrate the
potential to be developed as anti-cancer drugaimams
6. BIOLOGICAL AND for future therapeutic applications.
IMMUNOLOGICAL ACTIVITITESOF
RP215 OR OTHER ANTI-ANTIGEN 7. HYPOTHESISOF TWO
RECEPTORS ON CANCER CELLS INDEPENDENT IMMUNE SYSTEMS

AND THE DUAL ROLESOF
Since C-lgGs are absolutely required for the CANCEROUSIMMUNOGLOBULINS
growth/proliferation or survival of cancer ceitsvitro or
in vivo, RP215 or anti-antigen receptors were used as a In this review, experimental observations have
probe in induced apoptosis studies in cultured eanc been summarized and presented to indicate that two
cells to demonstrate RP215’s anti-proliferativeicart independent immune systems may exist in the human
(Chen and Gu, 2007; Le#t al., 2012a; Liet al., 2012; body (Leeet al., 2014a).
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Fig. 3. Induced apoptosis of OC-3-VGH cancer cells. (Altuoed apoptosis on treated cultured OC-3-VGH carelés by Normal
Mouse 1gG (NMIgG) (Lane 1), Murine RP215 (MRP21BEarie 2), (Lane 3), Goat Anti-Human IgM (GAHIgM) (e 4),
Goat Anti-Human IgA (GAHIgA) (Lane 5), Anti-Humah light Goat Anti-Human IgG (GAHIgG) chain (GAHLYy (Lane
6), Rabbit anti-T cell receptr (RATCR) (Lane 7) and anti-TLR4 (Lane 8) for 24 h incubati®0 pg mC of the ligands
were added to cancer cell culture medium for thep&gsis assay, by using terminal deoxynucleotidgngferase dUTP
Nick End Labeling (TUNEL) assay kit from Roche Diagtics (Leeet al., 2012a). (B): The Complement Dependent
Cytotoxicity (CDC) assay to demonstrate the effectgofit anti-human 1gG, anti-T cell receptprand RP215 on
complement-dependent cytotoxicty of OC-3-VGH owvarieancer cell line; Lane 1: no treatment (contrdlgne 2:
complement only, Lane 3: Normal Mouse IgG and cemgnt (NMIgG), Lane 4: Goat Anti-Human IgG and céengent
(GAHIgG), Lane 5: Rabbit Anti-T Cell Receptfrand complement (RATCR}, Lane 6: Murine RP215 and complement
(MRP215). *, **, *** ndicate statistical significace of p<0.05, p<0.01 and p<0.001, respectivelyhE8) and (B) were
modified from (Leest al., 2012a) with permission
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One is the common normal immune system, in which BChen, Z. and J. Gu, 2007. Immunoglobulin g expoessi
and T lymphocytes play major roles in generating  in carcinomas and cancer cell lines. FASEB J., 21:
immunoglobulins and T cell receptors of high divisrs 2931-2938. DOI: 10.1096/f.07-8073

through a series of interactions, differentiaticsausd . )
productions of effector molecules, including anties. DItSWOFt!’], D. and WX Zong., 2004 Nf—kappab. Key
mediator of inflammation-associated cancer.

An unlimited number of antibodies can be produced _
and released into circulation to fight off foreign Cancer Biol. Therapy, 3: 1214-1216. PMID:

pathogens such as viruses, fungi and bacteriagflate 15611628.

2014b, Murphyet al., 2007; Leeet al., 2014a). Our recent Early, P., H. Huang, M. Davis, K. Calame and L.
studies show that CA215 or ClgG-specific binding Hood, 1980. An immunoglobulin heavy chain

proteins can be detected in pooled human serum  yariable region gene is generated from three
specimens and react with cancerous immunoglobulins segments of DNA: Vh, d and jh. Cell Divis. Biol.

(Leeet al., 20144a). It remains to be demonstrated if these California Institute Te’chnol Pasadena. 19° 981-

binding proteins or substances are antigens, aligbp i

or other molecules which may be induced or occgrrin 992. DOL: 10'1016/0092'8674(89)90089'6

naturally (Leeet al., 2014a). Gellman, S.H., 1997. Introduction: Molecular
Cancer cells might have their own immune system  recognition. Chem. Rev., 97: 1231-1232. DOI:

which can be distinguished from the conventional 10.1021/cr970328;j

immune system within the human body. As mentionedGonzales, D., S.I. Rennard, M. Nides, C. Oncken and

previously, normal immunoglobulins and their caocer K.R. Reeveset al., 2006. Varenicline, am4p2

counterparts can be differentiated by comparisotheit nicotinic acetylcholine receptor partial agoniss, v

mutual  glycosylation patterns, class switching sustained-release bupropion and placebo for

mechanisms, hypermutation, influences on innate . o . .
immunity and apparent immunoactivity. Therefore,jsit smoking cessation: A randomized controlled trial.

reasonable to assume that a separate independenném J. Am. Med. Associat, 296: 47-55. DOL
system should be available for the growth/proliferaand 10.1001/jama.296.1.47

immune protections of cancer cells under our normalHonjo, T., K. Kinoshita and M. Muramatsu, 2002.
human body environment. In fact, the existencewas t Molecular mechanism of class switch
separate immune systems is quite efficient anddbdiom recombination: Linkage with somatic

an evolutionary point of view. Since cancer celle a

recognized as “foreign” in our human body, the eanc hypermutation. Ann. Rev. Immunol., 20: 165-196.
immune system is one of the most effective means fo DOI: 0.1146/annurev.immunol.20.090501.112049

immune protection and growth/proliferation of cancells. ~ HU, D., Z. Duan, M. Li, Y. Jiang and H. Liet al.,

Any strategy resulting in the deactivation of tkmncer 2011. Heterogeneity of aberrant immunoglobulin
immune system should lead to effective immunothecdp expression in cancer cells. Cellular Molecular
relevant cancer cells in humans. Therefore, thesgckad Immunol., 8: 479-485. DOI: 10.1038/cmi.2011.25

expressions of these cancerous immunoglobulindbean  Hy, F., L. Zhang, J. Zheng, L. Zhao and J. Huerg).,
potential target for cancer immunotherapy. 2012. Spontaneous production of immunoglobulin

m in human epithelial cancer cells. PLoS One, 7:
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