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Abstract

In 1987, a monoclonal antibody, RP215, was generated against the OC-3-VGH cancer cell line and shown to
react with a carbohydrate-associated epitope located mainly on the heavy chains of immunoglobulins, designated
as CA215, which are expressed on the surface of almost all cancer cells and not on normal immune cells. CA215
and cancerous immunoglobulins were affinity-isolated from the shed culture media of the same ovarian cancer
cell line by using RP215-linked and anti-human immunoglobulin G-linked affinity chromatography, respectively.
They were then immobilized separately as general ligands to isolate any protein components from pooled human
sera which demonstrated affinity to CA215 and/or cancerous immunoglobulin G. The affinity-isolated
components were then subjected to molecular analysis by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). Among the detected protein components, more than 72% were found to be commonly recognized
by both CA215 and cancerous immunoglobulins. Some have previously been identified as endogenous proteins
or fragments in human serum. They are considered generally, as cancer biomarkers, according to their pro-cancer
(e.g. C4b binding protein o chain, complement C3, complement factor H, serotransferrin, and vironectin),
anti-cancer (e.g. 35 kDa inter-o-trypsin inhibition heavy chain 4, anastellin, apolipoprotein A-1, fibrinogen f
chain, and, keratin type I cytoskeletal 9), or autoimmune (specific immunoglobulin G) properties, respectively.
Therefore, besides serving a role for the growth/proliferation of cancer cells, cancerous immunoglobulins can
also interact directly or indirectly with many other serum protein components or fragments for unspecified
reasons and unknown mechanisms of action.
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1. Introduction

Expressions of immunoglobulins or immunoglobulin-like proteins among cancer cells have been known for
decades (Babbage, Ottensmeier, Blaydes, Stevenson, & Sahota, 2006; Chen & Gu, 2007; D. Hu et al., 2011; F.
Hu et al., 2012; J. Huang et al., 2008; J. Huang, Zhang, Ma, Zhang, & Qiu, 2009; Kimoto, 1998; Lee & Ge, 2009;
M. Li, Tang, & Deng, 2001; M. Li et al., 2004; Qiu et al., 2003; Yoshimi, Woo, Son, Baudry, & Thompson, 2002;
Zhang et al., 2012; H. Zheng, Li, Liu, et al., 2007; H. Zheng, Li, Ren, et al., 2007; J. Zheng et al., 2009; Zhu et
al., 2008). However, little is known about their mechanisms of action in cancer immunology (Kimoto, 1998).
Early experimental evidence seemed to suggest that they may play essential roles for the growth/proliferation of
cancer cells in vitro or in vivo (M. Li et al., 2004; M. Li et al., 2012; Qiu et al., 2003). Recently, efforts have been
made in our laboratory to identify these “antigens” in the human circulation which can be recognized by
cancerous immunoglobulins (Lee, Huang, Liu, & Zhang, 2013; Lee & Liu, 2013; Lee, Huang, Tang, & Zhang,
2014). The molecular nature of these antigens may be relevant to the growth/proliferation, as well as the immune
protection of cancer cells in the natural human environment (Lee et al., 2013; Lee, Huang, Tang, et al., 2014).

A major breakthrough came in 1987, when a monoclonal antibody designated as RP215 was generated against
the OC-3-VGH ovarian cancer cell line and shown to react specifically with a carbohydrate-associated epitope
located mainly at the heavy chains of immunoglobulins expressed on the surface of almost all cancer cells, but
not found on normal immune cells (Lee et al, 1992; Lee, Wu, Li, Ting, & Chien, 2006). These
immunoglobulin-related glycoproteins expressed by cancer cells with the RP215-specific “sugar” epitope are
designated, in general, as CA215 (Lee, 2009; Lee, Ge, et al., 2009; Lee, Zhu, Ge, & Potzold, 2012). Functional
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biological studies revealed that RP215 acts similarly to anti-cancerous immunoglobulins in inducing apoptosis
and complement-dependent cytotoxicity (CDC) reactions to cultured cancer cells, as well as inhibiting tumor
growth in nude mouse animal models (Lee, Chu, & Ting, 2009; Lee & Ge, 2010; Lee, Cheung, Ge, et al., 2012;
Lee & Ge, 2012; Lee, Zhu, & Ge, 2012; Lee, Zhu, Ge, Cheung, et al., 2012; Lee, Zhu, Ge, & Potzold, 2012).
Furthermore, through gene regulation studies, it was generally concluded that the effects of RP215 on the
regulations of related genes are highly correlated with those of antibodies against cancerous immunoglobulins or
human immunoglobulin G (IgG) (Lee, Huang, Zhang, & Tang, 2014; Tang, Zhang, & Lee, 2013).

In this study, experiments were designed to isolate potential serum “antigens” which can be recognized by
cancerous immunoglobulins from the human circulation (Lee, Huang, Tang, et al., 2014). Following
affinity-isolation of CA215 and/or cancerous immunoglobulins from shed media of cultured cancer cells, CA215
and/or cancerous immunoglobulins were used as general affinity ligands to capture any serum protein
components for further molecular analysis by liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Preliminary results are presented in this study in an attempt to explore the potential roles of immunoglobulins
expressed by cancer cells.

2. Materials and Method
2.1 Chemicals and Reagents

All chemicals and reagents used in this study were obtained from Sigma Chemical Co (St. Louis, MO) unless
otherwise mentioned.

2.2 Cancer Cell Lines and Monoclonal Antibodies

OC-3-VGH is an ovarian cancer cell line established in 1986 by the Department of Obstetrics and Gynecology at
the Veterans General Hospital in Taipei, Taiwan (Chao, Ng, & Chang, 1987). It is a cell line of ovarian serous
origin and can be maintained in RPMI 1640 medium containing 10% bovine calf serum in a 5% CO, incubator at
37 °C. This cancer cell line has been used to generate monoclonal antibodies for the development of
antibody-based anti-cancer drugs during the last three decades. RP215 is one of these monoclonal antibodies
generated against the OC-3-VGH ovarian cancer cell line and has been characterized extensively (Lee et al.,
1992).

2.3 Isolation of CA215, Cancerous Immunoglobulins, and Specific Human Serum Protein Components by
Affinity Chromatography

CA215 is a group of cancer cell-expressed glycoproteins, each of which contains the RP215-specific “sugar”
epitope. Purified RP215 monoclonal antibody was employed as an affinity ligand to isolate CA215 from the shed
medium of cultured OC-3-VGH ovarian cancer cells as described previously (Lee et al., 2006; Lee, Laflamme,
Chien, & Ting, 2008). Following adsorption and extensive buffer wash, the CA215 bound on the affinity gel was
eluted from the affinity column with SmM citric acid, followed by neutralization, dialysis, and concentration
(Lee et al., 2006; Lee et al., 2008). Similarly, cancerous IgG (cIgG) was purified from shed media of culture
cancer cells by affinity chromatography with goat anti-human IgG as the affinity ligand by using protocols
similar to those for CA215. Any potential serum “antigens” which have affinity to CA215 or cancerous
immunoglobulins can also be affinity-isolated with respective affinity columns from pooled human serum
specimens. By employing the same affinity isolation procedures, specific serum proteins were obtained and
designated as CA215-S+ and clgG-S+, respectively, depending on the affinity ligand used for purification.
Following purification, CA215-S+ and cIgG-S+ were concentrated and dialyzed, separately, with 5 mM
ammonium bicarbonate followed by freeze-drying. The purified serum “proteins” were then subjected to
LC-MS/MS analysis through a contract service from the University of Victoria Genomic BC Proteomics Centre
(Victoria, BC, Canada; project #: REC-1434) to be described in a later section.

2.4 Brief Description of LC-MS/MS Analysis

The following steps were employed to perform molecular analysis of isolated serum antigens (CA215-S+ or
clgG-S+), which can be recognized by CA215 or clgG, respectively.

2.4.1 Trypsin Digestion

About 200pg of CA215-S+ or clgG-S+ was rehydrated with 200 pL of 25 mM ammonium bicarbonate prior to
reduction with 10 L. of 200 mM dithiothreitol (DTT) for 30 minutes at 37 °C. Cysteine sulfhydryl groups were
alkylated with 20 uL of 200 mM iodoacetamide for 30 minutes at 37°C in darkness. Following addition of 20 pL
of 200 mM DTT to quench alkylation, 10 pg trypsin (Promega) was added to each sample for 16 hours at 37 °C.
A Waters Oasis hydrophilic-lypophilic balanced column (1 mL, 10 mg) was equilibrated with 2 mL acetonitrile
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(CAN) and then 2 mL 0.6% acetic acid. The supernatant was applied to the column by 2 mL 0.6% acetic acid
and peptides were eluted with 700 pL 80% CAN/0.6% acetic acid. The samples were concentrated via speed vac,
acidified, and desalted with C19 Stage Tips prior to LC-MS/MS analysis.

2.4.2 LC-MS/MS Analysis

The peptide mixtures were separated by online reverse reverse-phase chromatography with a Thermo Scientific
Easy-Inc 1000 system at a flow rate of 300 nL/min. The chromatography system was coupled online with an
Orbitrap Fusion Tribid mass spectrometer (Thermo Scientific, San Jose, CA). The standard operation manual
was used for MS analysis of the peptide mixture in the samples.

Raw files were created by X Caliber 3.0.63 (Thermo Scientific) software and analyzed with Proteome
Discoverer 1.4.1.14 software suite (Thermo Scientific).

2.5 Apoptosis Experiments

Previous studies have indicated that through binding to the RP215-specific epitope in CA215 on the surface of
cultured cancer cells, apoptosis was induced as judged by using the TUNEL assay method (Chen & Gu, 2007;
Lee et al., 2010; Lee & Ge, 2010; Lee, Cheung, Ge, et al., 2012; M. Li et al., 2012; Qiu et al., 2003; H. Zheng, Li,
Liu, et al., 2007). By using similar assay protocols, apoptosis experiments were performed to see if the
affinity-isolated CA215-S+ and cIgG-S+-related human serum protein components can induce apoptosis to
cultured cancer cells. Detailed experiment procedures have been described previously (Lee, Cheung, Ge, et al.,
2012).

3. Results
3.1 Biochemical and Immunological Characterizations of CA215-S+ and cIgG-S+

CA215 and cIgG were isolated from shed medium of cultured OC-3-VGH ovarian cancer cells by affinity
chromatography with RP215 and goat anti-human IgG as separate general ligands. Purified CA215 was
subjected to matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS)
analysis and details of such analysis have been reported previously (Lee, Zhu, Ge, & Potzold, 2012). It was
generally concluded that RP215-specific CA215 was found to be cancerous glycoproteins which consist mainly
of immunoglobulin heavy chains and other immunoglobulin superfamily proteins (>60%) (Lee et al., 2006; Lee
et al., 2008; Lee & Azadi, 2012; Lee, Cheung, Li, Ge, & Chow, 2012). Therefore, in this study, both CA215 and
cancerous immunoglobulins were affinity purified and served, respectively, as general affinity ligands to capture
any serum protein components in pooled human serum samples. The affinity-isolated serum protein components,
designated separately as CA215-S+ and clgG-S+, were then subjected to LC-MS/MS analysis. The identified
human serum proteins or fragments were listed and classified through such analysis. Details are presented in the
Appendix of this publication. More than fifty serum proteins or fragments were detected in either of the
CA215-S+ or clgG-S+ protein fractions. Among the detected and identified protein components, as many as
72% were found to be identical between those isolated by CA215 and clgG affinity columns.

Among the serum proteins or fragments detected by LC-MS/MS, more than half were found to be relevant to the
growth/proliferation or inhibition of cancer cells in vitro or in vivo, as demonstrated by other researchers (M. Li
et al., 2004; M. Li et al., 2012; Qiu et al., 2003). However, some of the detected serum proteins were found to
have no known functional roles to cancer cells in humans. The detected proteins or components are listed in
Table 1 according to their known functional properties as “pro-cancer,” or “anti-cancer.” The original data
analyzed by protein software anlaysis are presented in the Appendix file. Details of the pro- and anti-cancer
serum protein components will be discussed in later sections.
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Table 1. Functional classifications of the detected human serum proteins and/or fragments as recognized by both
CA215 and clgG through the LC-MS/MS method

Functional . Molecular weight
Protein Reference
property (kDa)
. . . (Holmberg, Blom, & Meri, 2001;
C4b-bind t h 67
1ding proterm ¢ chamn Markiewski & Lambris, 2009)
(Kitano & Kitamura, 1993;
Complement C3 187 Markiewski et al., 2008; Rutkowski,
Sughrue, Kane, Mills, & Parsa, 2010)
(Ajona et al., 2004; Ajona, Hsu,
Corrales, Montuenga, & Pio, 2007;
1 t factor H 1
Complement factor 39 Holmberg et al., 2001; Junnikkala et
al., 2002; Wilczek et al., 2008)
(Macuks, Baidekalna, Gritcina,
Pro-cancer . . .
Avdejeva, & Donina, 2010; Rossi &
Serotransferrin 77 Zetter, 1992; Schaeffer, Boissier, Py,
Cohen, & Zakin, 1989;1 S
Trowbridge & F Lopez, 1982)
(Felding-Habermann & Cheresh,
. . 1993; Hurt et al., 2010; Kenny, Kaur,
Vit t 54
fronectm Coussens, & Lengyel, 2008;
Pirazzoli, Ferraris, & Sidenius, 2013)
Mi Pi 2012;
Others: 02 macroglobulin 163 (Misra & Pizzo, 2012; Smorenburg et
al., 1996)
CDS5 antigen-like protein 38 (Y. Lietal., 2011)
Isoform 2 of a-1-antitrypsin 40 (Lopez-Arias et al., 2012)
Hemopexin 52 (Nakajima et al., 2000)
35 kDa inter-o-trypsin inhibitor heavy 104 (Hamm et al., 2008; M. Huang,
chain 4 Wang, Zhang, Li, & Li, 2013)
(Neskey, Ambesi, Pumiglia, &
McKeown-Longo, 2008; Pasqualini,
Anastellin 256 Bourdoulous, Koivunen, Woods, &
Ruoslahti, 1996; M. Yi & Ruoslahti,
2001)
. . . (Macuks et al., 2010;
Anti- Apol tein A-1 1
fi-eaneer SRR 3 Zamanian-Daryoush et al., 2013)
Fibrinogen P chain 56 (Krajewska et al., 2010)
Keratin type I cytoskeletal 9 62 (W.Yietal., 2013)
Others: Complement component C4b 193 (Markiewski & Lambris, 2009;

(Childo blood group)

Rutkowski et al., 2010)

3.2 Binding Assays to Reveal Specific Binding Between Affinity-Purified CA215-S+ (or clgG-S+) and CA215 (or

clgG)

Prior to LC-MS/MS analysis of the affinity-purified CA215-S+ and cIgG-S+, the relative binding affinity and
specificity of these human serum components (in CA215-S+ or cIgG-S+) recognized by CA215 or clgG were
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demonstrated by ELISA. Briefly, CA215-S+ and cIgG-S+ were coated separately, on microwells according to
standard procedures (Lee, Huang, Tang, et al., 2014). CA215 and cIgG were biotinylated and used as the primary
antibody for 60 min incubation at 37°C. This was followed by washes, and addition of alkaline phosphatase
(ALP)-labeled avidin for 60 min incubation at 37°C. The dose-dependent bindings between biotinylated CA215
(or clgG) and the corresponding CA215-S+ (or clgG-S+) were determined by EIA reader and expressed in
histograms (Figure 1).

Absorbance (450nm)

Se%zrr%%rslfigen coated wells and biotcllﬁ\,(ril_asfed antibody

Figure 1. Enzyme immunobinding assay to reveal specific binding between well-coated purified serum antigens
of CA215 or clgG and biotinylated CA215 or clgG

Biotinylated CA215 (CA215-b) and clgG (clgG-b) of different dilutions ( M2pg/mL, B 1ug/mL, and L
0.5pg/mL) were added to microwells coated with eluted serum antigen from CA215 (CA215-S+) and clgG
(cIgG-S+)) for 3 hr incubation at 37°C. ALP-labeled avidin was added for additional 60 min incubation followed
by color substrate development at 405nm. The data are presented as duplicates following subtraction of
corresponding negative control which served as the blank. Wells coated with unrelated proteins served as the
negative control. Dose-dependent bindings were statistically significant. Modified from (Lee, Huang, Tang, et al.,
2014) with permission.

3.3 Analysis of Serum Protein Components Recognized by Both CA215 and clgG Through LC-MS/MS

Previously, it has been hypothesized the cancerous immunoglobulins serve duals roles within cancer cells. Firstly,
the interacting human serum proteins may be recognized for the growth/proliferation of cancer cells. Secondly,
some of the human serum proteins may be cytotoxic to cancer cells and be neutralized by interactions with
cancerous immunoglobulins or CA215 for immune protection of cancer cells.

Many serum proteins were found to be involved in the interaction with CA215 and/or clgG expressed by cancer
cells. Generally speaking, as many as 72% of the detected serum proteins were found to be commonly
recognized by both CA215 and cIgG when either one was used as general ligands for affinity purification of
human serum proteins. Following detailed protein analysis of LC-MS/MS data, they were classified and listed
according to their nature as pro-and anti-cancer properties (see Table 1).

The molecular and biological characteristics of most of these naturally detected pro-cancer and anti-cancer
components have been studied previously by others (refer to references in Table 1). However, some of the
detected serum protein components were found to have no known functional roles among cancer cells. Some
were found to be human immunoglobulins which exhibited affinity to CA215 or cancerous immunoglobulins.
They can only be classified as auto-antibodies within the human circulation. It remains to be seen whether there
are any functional roles of these auto-antibodies in cancer cells.

Judging from these considerations, the detected serum components were classified into three categories: 1)
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pro-cancer, ii) anti-cancer components, and iii) components with autoimmune or unknown functions. The first
two classifications are presented in Table 1 for comparative purposes. Among the pro-cancer serum components
detected by CA215 or clgG, the most notable ones included: a) C4b-binding protein, b) complement C3, c)
complement factor H, d) serotransferrin, and e) vitronectin. Among the anti-cancer serum components detected
by CA215 or clgG, the most notable ones included: a) 35 kDa inter-a-trypsin inhibitor heavy chain 4, b)
anastellin, c) apolipoprotein Al, d) fibrinogen  chain, and e) keratin type I cytoskeletal 9. Brief descriptions of
these pro-cancer and anti-cancer serum components detected by CA215 or clgG and their cancer-associated
effects have been reported previously and will be described in the discussion.

3.4 Comparative Results of Induced Apoptosis

As shown in Figure 2A, the serum protein components bound by CA215, CA215-S+ did not exhibit any
significant increase in induced apoptosis of cultured OC-3-VGH ovarian cancer cells. These results may be
explained based on the fact that the serum protein components bound by CA215 are a mixture of minor proteins
or components which have either pro- or anti-cancer effects. The respective effects of the pro- and anti-cancer
serum components may result in no apparent overall effect on induced apoptosis to the cancer cells. By
comparison, RP215 or anti-human IgG were shown to induce significant induced apoptosis to cultured cancer
cells as demonstrated in Figure 2B under the same TUNEL assay conditions (Lee, Cheung, Ge, et al., 2012).

N
o
|

=
%2}
|

Percent apoptosis (%)
(=
o

%2}
|

NT higG CA215-S+lI (low)CA215-S+lI (high)
Treatment

Figure 2. (A) Percent apoptosis of OC-3-VGH cells following 24 hrs and 48 hrs treatment with eluted serum

antigens from CA215

OC-3-VGH cells were incubated for 24 hrs ( M ) and 48 hrs ( & ) with low (1pg/mL) and high doses (5ug/mL)
of eluted serum purified by CA215 affinity column twice (CA215-S+II). No treatment (NT) and human IgG
(hIgG) were used as negative controls. Compared to the negative control, no treatment or hlgG, the results were
not statistically significant (P> 0.05).
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Figure 2. (B) Percent apoptosis of OC-3-VGH cells following 24 hrs treatment with 1ug/mL and 10pg/mL of
murine and humanized RP215 and goat anti-human IgG

OC-3-VGH cells were incubated for 24 hrs of 1pg/mL ( (1) and 10pg/mL ( | ) of murine and humanized
RP215 (MRP215 and HRP215) and goat anti-human IgG (GaHIgG). Normal mouse IgG (NMIgG) and normal
human IgG (NHIgG) were used as negative controls. Compared to the negative control, the results were
statistically significant (*: P <0.01, **: P<0.001).

4. Discussion

Following two steps of affinity chromatography starting with shed culture media of ovarian cancer cells,
CA215-S+ and cIgG-S+ were isolated from pooled human sera. These serum protein components were subjected
to tryptic digestion and LC-MS/MS analysis. The detected serum protein components were classified mainly as
pro-cancer and anti-cancer in nature. They are briefly described in the following, with emphasis on their pro-
or anti-cancer properties reported in the previous sections:

4.1 Pro-Cancer Serum Protein or Components
4.1.1 4b-Binding Protein o Chain

C4b-binding protein is a soluble complement inhibitor which is composed of seven identical o chains and one
unique B chain. It inhibits complement activation by acting as a cofactor for factor I-mediated degradation of
C3b and C4b (Markiewski & Lambris, 2009). In SKOV-3 and CAOV-3 ovarian adenocarcinoma cell lines, it has
been found that C4b-binding protein binds to these cancer cells via C4-binding protein’s a chain domain and is
capable of inhibiting the complement classical pathway by factor I-mediated inactivation of C4b (Holmberg et
al., 2001). Therefore, binding of C4b-binding protein by cancer cells helps protect cancer cells by inhibiting
complement activation (Holmberg et al., 2001).

4.1.2 Complement C3

Complement C3 is a central protein in the complement cascade and its cleavage products, C3a and C3b, have
been found to be deposited in engrafted tumors in mice models (Markiewski et al., 2008). Mice deficient in C3
also exhibited significantly decreased tumor proliferation compared to wild-type mice (Markiewski et al., 2008).
In another study, a cleavage product of complement C3, C3a was found to demonstrate proliferative activities
and increase activation of proteins whose overexpression has been strongly associated with neoplasia
(Rutkowski et al., 2010; Vivanco & Sawyers, 2002). Other tumorigenic effects of C3 include production of
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vascular endothelial growth factor (VEGF), extracellular matrix reorganization, disintegration for tumor
angiogenesis and invasion/migration (Rutkowski et al., 2010). In addition, some human gastric cancer-derived
cell lines have been observed to synthesize C3 (Kitano & Kitamura, 1993). Therefore, despite playing a key role
in the complement cascade, C3 also promotes cancer development and progression.

4.1.3 Complement Factor H

Complement factor H is a serum glycoprotein and key regulator of the alternative pathway of the complement
system. Specifically, complement factor H protects host cells and tissues from complement activation by acting
as a cofactor for serine protease factor I to induce cleavage and inactivation of C3b and C4b, as well as to
accelerate the degradation of C3 convertase (Jozsi & Zipfel, 2008). Complement factor H has been found to be
expressed and secreted by many primary tumors and cancer cell lines, including glioblastomas, myoblastomas,
and carcinomas of the bladder, ovary, and lung (Ajona et al., 2007; Holmberg et al., 2001; Junnikkala et al., 2000;
Junnikkala et al., 2002; Wilczek et al., 2008). In addition, it has been found that these cancer cells are resistant to
complement-mediated cytolysis. Downregulation of complement factor H has been found to sensitize cancer
cells to complement attack and reduce tumor growth, and therefore it has been hypothesized that complement
factor H acts to protect cancer cells from complement activation (Ajona et al., 2004; Ajona et al., 2007;
Junnikkala et al., 2000; Wilczek et al., 2008).

4.1.4 Serotransferrin

Serotransferrin (serum transferrin) is an iron binding transport protein within the human body. It transports iron
from sites of iron absorption and heme degradation to sites of storage and utilization. Iron plays an integral role
in various cellular functions, including in energy metabolism and cell growth, and it has long been known that
serotransferrin is involved in stimulating cell proliferation (Ponka, 1999; Schaeffer et al., 1989). It has been
demonstrated that many cancer cells, including those derived from the prostatic and lung carcinomas, express
transferrin receptors which bind to serotransferrin and cause cancer cell proliferation (Laskey, Webb, Schulman,
& Ponka, 1988; Rossi & Zetter, 1992; Vostrejs, Moran, & Seligman, 1988). By blocking transferrin binding to
the cancer cell surface, tumor growth can be inhibited in vitro (Laskey et al., 1988; 1. S. Trowbridge & F. Lopez,
1982). Therefore, serotransferrin is an important growth factor for cancer cell proliferation.

4.1.5 Vitronectin

Vitronectin is a glycoprotein found in the serum or extracellular matrix, and is produced primarily in the liver. It
has been shown that vitronectin is an inducer of cancer stem cell differentiation in breast and prostatic carcinoma
through interaction with the integrin family of proteins which are involved in adhesion, differentiation, survival,
and growth (Felding-Habermann & Cheresh, 1993; Hurt et al., 2010). In addition, interaction of the urokinase
receptor and vitronectin has been found to induce cancer cell spreading, migration, and growth (Kenny et al.,
2008; Pirazzoli et al., 2013).

4.2 Anti-Cancer Serum Proteins or Components
4.2.1 35 kDa Inter-a-Trypsin Inhibitor Heavy Chain 4

Inter-a-trypsin inhibitor heavy chain 4 is a fragment of the inter-a-trypsin inhibitor heavy chain 4, which is a
type II acute phase protein secreted by the liver (Pineiro et al., 1999; Salier, Rouet, Raguenez, & Daveau, 1996).
It has plasma kallikrien sensitivity, and is O glycosylated and assumed to not undergo further cleavage or
modification (Nishimura et al., 1995). One study has found that inter-o-trypsin inhibitor heavy chain genes,
including, inter-o-trypsin inhibitor heavy chain 4, are frequently downregulated in multiple solid tumors, thereby
leading to initiation and progression of these tumors (Hamm et al., 2008). Furthermore, downregulation of the
inter-a-trypsin inhibitor heavy chain 4 by siRNA was found to increase cell proliferation and migration (M.
Huang et al., 2013).

4.2.2 Anastellin

Anastellin is a fragment of the first type III module of fibronectin which binds to a variety of proteins, including
integrins, proteoglycans, fibronectin, and fibrinogen (Ambesi & McKeown-Longo, 2009; M. Yi & Ruoslahti,
2001). Through binding to fibronectin, anastellin is capable of promoting changes in the organization and
assembly of the fibronectin matrix (Neskey et al., 2008). Anastellin has been found to inhibit tumor growth and
metastasis in vivo through its inhibitory effects on angiogenesis (Pasqualini et al., 1996; M. Yi & Ruoslahti,
2001). Studies performed using human microvessel endothelial cells have shown that anastellin inhibits serum
dependent cell growth by blocking progression of the cell cycle (Neskey et al., 2008).
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4.2.3 Apolipoprotein A-1

Apolipoprotein A-1 is a major protein component of high-density lipoprotein (HDL) in human plasma and has
anti-inflammatory, as well as antioxidant capabilities (Zamanian-Daryoush et al., 2013). It is considered a
cardioprotective protein and may have a role as a therapeutic agent for cardiovascular disease
(Zamanian-Daryoush et al., 2013). Apolipoprotein A-1 has been shown to be a biomarker of ovarian cancer and
in combination with CA215 increased the sensitivity for ovarian cancer detection (Macuks et al., 2010). In
addition, apolipoprotein A-1 has been found to suppress tumor growth and metastasis in multiple animal tumor
models, including the B16F10L murine malignant tumor model, in an indirect manner through modulation of the
immune system (Zamanian-Daryoush et al., 2013). The net functional effects of apolipoprotein A-1 include a
decrease in tumor growth, angiogenesis, metastasis, invasion, and myeloid derived suppressor cell recruitment,
and an increase in anti-tumor macrophages and CD8+ T cells (Zamanian-Daryoush et al., 2013). Furthermore,
mice lacking apolipoprotein A-1 were found to develop tumors quicker than mice expressing the gene
(Zamanian-Daryoush et al., 2013).

4.2.4 Fibrinogen B Chain

Fibrinogen P chain is one of the three peptide chains (a, B, and y) that compose fibrinogen, a protein involved in
the formation of blood clots. In cancerous tissue, fibrinogen promotes tumor angiogenesis by supporting cell
adhesion, migration, proliferation, and differentiation of activated endothelial cells (Zacharski, Memoli, &
Rousseau, 1986). In particular, it has been found that the first 20 amino acids of the N terminus of the fibrinogen
beta chain (B43-63) significantly inhibit VEGF-activated adhesion of epithelial cells to the extracellular matrix
(Krajewska et al., 2010). In addition, in mouse models, this peptide was found to inhibit tumor vascularization
and increase tumor necrosis (Krajewska et al., 2010).

4.2.5 Keratin Type I Cytoskeletal 9

Keratin type I cytoskeletal 9 is a structural protein which makes up the intermediate filaments present in
epidermal cells. In particular, keratin type I cytoskeletal 9 is an acidic keratin and mutations in its gene have
been linked to epidermolytic plamoplantarkeratoderma (Reis et al., 1994). In a proteomic analysis of the breast
cancer cell line, SKBR-3, keratin type I cytoskeletal 9 was identified in the tryptic digest of SKBR-3 cell extract
(Wu, Hancock, Goodrich, & Kunitake, 2003). In addition, keratin type I cytoskeletal 9 was found to be
downregulated in drug resistant human breast cancer tissue, and therefore, keratin type I cytoskeletal 9 may be
correlated with drug sensitivity of cancer tissues (W. Yi et al., 2013).

4.3 Apoptosis Results

CA215-S+ and clgG-S+ affinity-purified from pooled human sera have been demonstrated by enzyme
immunoassay (EIA) (Figure 1) to have significant dose-dependent binding activity to CA215 and cIgG. In spite
of the binding of CA215 or cIgG on the cancer cell surface, these purified human serum protein components (1
pg/mL) were shown to have little effect on the induced apoptosis to cancer cells (Figure 2A). This result is in
contrast to RP215 or anti-human IgG, both of which were shown to induce apoptosis of cancer cells under the
same culture and assay conditions (Figure 2B). By comparison, surface-bound CA215 or clgG were targeted
nonspecifically by binding with RP215 or anti-human IgG and apoptosis was readily induced to cultured cancer
cells. In contrast, CA215-S+ and clgG-S+ may selectively target both minor anti-cancer and pro-cancer
components recognized by CA215 or cIgG on the cancer cell surface. This could result in the absence of induced
apoptosis caused by CA215-S+ or cIgG-S+ to cancer cells.

4.4 Implications in Cancer Immunology

The natures of interactions between CA215-S+ or cIgG-S+ and CA215 or clgG are currently unknown. The
traditional antigen-antibody reactions or other specific/non-specific bindings cannot be ruled out at this moment.
This may require more detailed future investigations of each detected serum component which can be recognized
by CA215 or clgG. Based on the results of this molecular analysis, it can be hypothesized that immunoglobulins
expressed on the cancer cell surface may serve as receptors to interact with human serum protein components
which may have potential pro- and anti-cancer properties in the human circulation (Lee, 2012). The hypothesis
of dual roles of cancerous immunoglobulins has been properly demonstrated through their interactions with both
pro-cancer and anti-cancer human serum components in the present study. The observations from this study may
also consistently explain the molecular mechanisms of action of the widespread expression of immunoglobulins
by cancer cells or cancerous tissues (Chen & Gu, 2007; Chen, Qiu, & Gu, 2009; Chen et al., 2010; Qiu et al.,
2003). RP215 monoclonal antibody also reacts with a specific “sugar” epitope of cancerous immunoglobulins to
induce apoptosis and CDC to most cancer cells (Lee, Chu, et al., 2009; Lee & Ge, 2010; Lee, Cheung, Ge, et al.,
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2012; Lee & Ge, 2012; Lee, Zhu, & Ge, 2012; Lee, Zhu, Ge, Cheung, et al., 2012; Lee, Zhu, Ge, & Potzold,
2012). Therefore, surface bound immunoglobulins on cancer cells, which play vital roles in cancer cell
growth/proliferation and immune protection, may become a novel and unique target of RP215 for
antibody-based anti-cancer therapy, provided that preclinical and clinical evaluations of the humanized forms of
RP215 are successfully completed in the near future (Lee, Huang, & Ge, 2014).
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Appendix

Results of LC-MS/MS analysis of tryptic peptides derived from CA215-S+ and cIgG-S+ (Source:
University of Victoria BC Proteomics Center Project #REC-1434, LC-MS/MS analysis, July 2014)

Table 1. Human serum proteins bound by CA215 (CA215-S+)

Protein Probability % Spec #Pep #Unique #Spec % Cover Mol. weight
Ig kappa chain C region 100% 0.001467 4 6 16 65% 12 kDa
Ig gamma-1 chain C region 100% 0.004125 6 7 45 57% 36 kDa
Ig gamma-2 chain C region 100% 0.004125 6 9 45 48% 36 kDa
Apolipoprotein A-I 100% 0.002109 11 12 23 48% 31 kDa
Haptoglobin 100% 0.00385 9 12 42 44% 45 kDa
Serotransferrin 100% 0.004492 22 25 49 38% 77 kDa
Apolipoprotein D 100% 0.00275 7 10 30 38% 21 kDa
Ig lambda-2 chain C regions 97% 2.75E-04 1 1 3 32% 11 kDa
Ig gamma-4 chain C region 100% 0.001925 1 1 21 31% 36 kDa
21221245 306, isoformn 100% 5.50E-04 1 I 6 31% 12 kDa
Alpha-1-acid glycoprotein 1 100% 7.33E-04 4 4 8 23% 24 kDa
Isoform 2 of 1 hain C

sotorm = of fg mu chain 100% 0.001834 9 10 20 23% 52 kDa
region
Isoform 2 of . 100% 0001834 1 1 20 22% 43 kDa
Haptoglobin-related protein
Hemopexin 100% 0.002017 7 8 22 19% 52 kDa
Apolipoprotein M 100% 6.42E-04 4 4 7 19% 21 kDa
Complement C3 100% 0.004492 23 24 49 17% 187 kDa
Ig alpha-2 chain C region 100% 7.33E-04 2 2 8 17% 37 kDa
Fibrinogen beta chain 100% 0.001467 6 6 16 16% 56 kDa
;Tg;:;’izb;hn fambda-like 71% 1.83E-04 1 I 2 16% 23 kDa
Isoform 2 of
:i’pﬁ:‘; al‘l’mrypsin 100% 5.50E-04 4 5 6 15% 40 kDa
Keratin, type II cytoskeletal 1 100% 6.42E-04 6 7 7 14% 66 kDa
Alpha-2-macroglobulin 100% 0.004217 14 17 46 14% 163 kDa
Keratin, type I cytoskeletal 9 100% 6.42E-04 4 4 7 14% 62 kDa
Afamin 100% 0.001467 8 8 16 13% 69 kDa
CDS5 antigen-like 100% 6.42E-04 3 4 7 12% 38 kDa
Beta-2-glycoprotein 1 100% 5.50E-04 2 2 6 10% 38 kDa
Ig alpha-1 chain C region 100% 5.50E-04 1 1 6 9% 38 kDa
Alpha-1-acid glycoprotein 2 100% 4.58E-04 2 2 5 9% 24 kDa
Alpha-trypsin chain 2 100% 2.75E-04 2 3 3 9% 28 kDa
Vitamin D-binding protein 100% 1.83E-04 2 2 2 9% 55kDa
Cc}fz;bmdmg protein alpha 100% 733B-04 4 4 8 8% 67 kDa
Apolipoprotein B-100 100% 0.005501 29 29 60 7% 516 kDa
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Histidine-rich glycoprotein 100% 3.67E-04 3 3 4 7% 60 kDa
;i%i?::gg;;ﬁni‘ zliain 100% 3.67E-04 3 3 4 7% 49 kDa
Keratin, type I cytoskeletal 10 100% 0.0011 4 6 12 7% 59 kDa
Keratin, type I cytoskeletal 14 100% 7.33E-04 3 3 8 7% 52 kDa
Isoform 2 of Fibri Iph
C;(;;m of Fibrinogen alpha 100% 6.42E-04 3 3 7 6% 70 kDa
I 4B
fgﬁi;ﬁ&t dcg?)‘;;;‘em ¢ 100% 0.001008 6 6 1 4% 193 kDa
kDa inter-alpha-trypsi
13 lfhibi;ﬁ:;jypcsai;ygzm 100% 3.67E-04 4 4 4 4% 104 kDa
Vitronectin 87% 9.17E-05 1 1 1 3% 54 kDa
Lipopolysaccharide-bindi
prlgtoeljz ysaccharide-binding 98% 1.83E-04 1 1 2 2% 53 kDa
Plasminogen 100% 2.75E-04 2 2 3 1% 91 kDa
Complement factor H 99% 2.75E-04 2 2 3 1% 139 kDa
Anastellin 72% 9.17E-05 1 1 1 0% 256 kDa

Table 2. Human serum proteins bound by clgG (cIgG-S+)

Protein Probability %Spec #Pep #Unique  #Spec %Cover Mol. weight
Ig kappa chain C region 100% 5.36E-04 2 2 9 36% 12 kDa
I lobuli hai
(?munog obulin I chain 100% 298E-04 2 2 5 27% 8 kDa
ragment)

Haptoglobin 100% 0.00137 5 5 23 23% 45 kDa
Ig gamma-2 chain C region 100% 9.53E-04 3 4 16 23% 36 kDa
Isoform 2 of T hai

soform 2 of Ig mu chain C 100% 0.00143 10 10 24 18% 52 kDa
region
Alpha-2-macroglobulin 100% 0.002681 17 20 45 17% 163 kDa
HCG174 isofi
CEE Z 5306, 1soform 99% 238E-04 1 1 4 16% 12 kDa
Ig gamma-1 chain C region 100% 8.94E-04 2 2 15 16% 36 kDa
Apolipoprotein A-I 100% 2.38E-04 3 3 4 15% 31 kDa
Ig alpha-1 chain C region 100% 3.57E-04 2 2 6 14% 38 kDa
Ig gamma-4 chain C region 69% 4.77E-04 1 1 8 13% 36 kDa
;i%ﬁ':gfj?ﬁmt ‘c’}f]ain 100% ATTE-04 5 5 8 12% 49 kDa
Ig alpha-2 chain C region 100% 7.15E-04 1 1 12 12% 37 kDa
Isoform 2 of . 38% 834E-04 0 0 14 1% 43 kDa
Haptoglobin-related protein

Serotransferrin 100% 6.55E-04 8 9 11 11% 77 kDa
Keratin, type I cytoskeletal 9 100% 2.38E-04 3 3 4 10% 62 kDa
Ig lambda-2 chain C regions 99% 1.19E-04 1 1 2 9% 11 kDa
Fibrinogen beta chain 100% 5.96E-04 4 4 10 8% 56 kDa
Complement C3 100% 0.001311 12 12 22 8% 187 kDa
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Keratin, type I cytoskeletal 10 100% 3.57E-04 5 5 6 7% 59 kDa
Hemopexin 100% 4.77E-04 3 3 8 7% 52 kDa
Vitronectin 100% 1.79E-04 2 2 3 6% 54 kDa
Li )\ haride-bindi
prllo’toelzg ysaccharide-binding 100% 3.57E-04 2 2 6 5% 53 kDa
CDS antigen-like 92% 5.96E-05 1 1 1 4% 38 kDa
Isoform 2 of Fibri Iph
Cil(;i(r)lrm of Fibrinogen alpha 100% 2.38E-04 2 2 4 4% 70 kDa
Alpha-trypsin chain 2 65% 5.96E-05 1 1 1 4% 28 kDa
Complement component C9 100% 1.79E-04 2 2 3 4% 63 kDa
I lobulin 1 -lik
prglr;;:;% d‘;b;‘ in lambda-like 93% 596E-05 1 1 1 4% 23 kDa
Keratin, type II cytoskeletal 1 100% 1.79E-04 3 3 3 4% 66 kDa
Alpha-1B-glycoprotein 99% 2.98E-04 2 2 5 3% 54 kDa
Gelsolin 100% 7.15E-04 3 3 12 3% 81 kDa
Pregnancy zone protein 99% 4.77E-04 1 1 8 3% 164 kDa
Isoform 2 of
:;’pﬁ;n; at(l)titrypsin 52% 596E-05 1 1 1 3% 40 kDa
4b-bindi in alph
Shabinbmdmg protein alpha 87% 596E-05 1 1 1 2% 67 kDa
Keratin, type I cytoskeletal 14 49% 5.96E-05 1 1 1 2% 52 kDa
Inter-alpha- in inhibit
h‘;:iyacia?n“ggsm bt 100% 1.19E-04 2 2 2 2% 106 kDa
kDa inter-alpha- i
i3 Ifhibi;:ﬁ;jypc;agygj“ 100% 1.19E-04 2 2 2 2% 104 kDa
Anastellin 100% 1.79E-04 2 2 3 1% 256 kDa
Complement C5 100% 2.38E-04 2 2 4 1% 188 kDa
Apolipoprotein B-100 100% 2.38E-04 2 2 4 1% 516 kDa
Complement factor H 84% 5.96E-05 1 1 1 1% 139 kDa
Compl t t C4B
( o dc;noligglen 54% 596E-05 1 1 1 1% 193 kDa
Table 3. Human serum proteins bound by CA215 and cIgG
CA215(S+) CIG((S+)
Protein Probability | Protein Probability
35 kDa inter-alpha-trypsin inhibitor heavy 35 kDa inter-alpha-trypsin inhibitor heavy
. 100% . 100%
chain H4 chain H4
Afamin 100%
Alpha-1-acid glycoprotein 1 100% Alpha-1B-glycoprotein 99%
Alpha-1-acid glycoprotein 2 100%
Alpha-2-macroglobulin 100% Alpha-2-macroglobulin 100%
Alpha-trypsin chain 2 100% Alpha-trypsin chain 2 65%
Anastellin 72% Anastellin 100%
Apolipoprotein A-I 100% Apolipoprotein A-1 100%
Apolipoprotein B-100 100% Apolipoprotein B-100 100%
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Apolipoprotein D
Apolipoprotein M
Beta-2-glycoprotein 1
C4b-binding protein alpha chain
CDS5 antigen-like

Complement C3

Complement component C4B (Childo blood
group)

Complement factor H

Fibrinogen beta chain

Haptoglobin

HCG1745306, isoform CRA a
Hemopexin

Histidine-rich glycoprotein
Ig alpha-1 chain C region

Ig alpha-2 chain C region

Ig gamma-1 chain C region
Ig gamma-2 chain C region
Ig gamma-4 chain C region
Ig kappa chain C region

Ig lambda-2 chain C regions

Immunoglobulin lambda-like polypeptide 5

Isoform 2 of Alpha-1-antitrypsin
Isoform 2 of Fibrinogen alpha chain
Isoform 2 of Haptoglobin-related protein
Isoform 2 of Ig mu chain C region

Isoform Gamma-A of Fibrinogen gamma
chain

Keratin, type I cytoskeletal 10
Keratin, type I cytoskeletal 14
Keratin, type I cytoskeletal 9
Keratin, type II cytoskeletal 1
Lipopolysaccharide-binding protein

Plasminogen

Serotransferrin
Vitamin D-binding protein

Vitronectin

100%
100%
100%
100%
100%
100%

100%

99%
100%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
97%

1%

100%
100%
100%
100%

100%

100%
100%
100%
100%
98%

100%

100%
100%
87%

C4b-binding protein alpha chain

CDS5 antigen-like

Complement C3

Complement C5

Complement component C4B (Childo blood
group)

Complement component C9

Complement factor H
Fibrinogen beta chain

Gelsolin

Haptoglobin

HCG1745306, isoform CRA _a

Hemopexin

Ig alpha-1 chain C region

Ig alpha-2 chain C region

Ig gamma-1 chain C region

Ig gamma-2 chain C region

Ig gamma-4 chain C region

Ig kappa chain C region

Ig lambda-2 chain C regions
Immunoglobulin J chain (Fragment)
Immunoglobulin lambda-like polypeptide 5
Inter-alpha-trypsin inhibitor heavy chain H2
Isoform 2 of Alpha-1-antitrypsin

Isoform 2 of Fibrinogen alpha chain
Isoform 2 of Haptoglobin-related protein
Isoform 2 of Ig mu chain C region

Isoform Gamma-A of Fibrinogen gamma
chain

Keratin, type I cytoskeletal 10
Keratin, type I cytoskeletal 14
Keratin, type I cytoskeletal 9
Keratin, type II cytoskeletal 1
Lipopolysaccharide-binding protein

Pregnancy zone protein

Serotransferrin

Vitronectin

87%
92%
100%
100%

54%

100%
84%
100%
100%
100%
99%
100%

100%
100%
100%
100%
69%
100%
99%
100%
93%
100%
52%
100%
38%
100%

100%

100%
49%

100%
100%
100%

99%
100%

100%
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