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Abstract

CA215 is a tumor-associated antigen which originated from the
generation of a monoclonal antibody, RP215, against cultured ovarian
cancer cell extract in 1987. To identify the molecular identity of
CA215, MALDI-TOF MS studies were performed for affinity-isolated
CA215 from shed medium of cultured OC-3-VGH ovarian cancer cells.
RP215 was shown to react with a carbohydrate-associated epitope
located mainly on the immunoglobulin heavy chains (designated in
general as CA215) expressed by most cancer cells. By using RP215
as a probe, both sandwich and competitive immunoassays were
formulated to determine the serum CA215 levels among patients
diagnosed with known cancers of the lung, liver, colon, esophagus,
ovary, breast, pancreas, cervix, and lymphocytes. When each of the
other known cancer biomarkers, such as AFP, CEA, CA 125, CA 19-9,
CA 15-3, and Cyfra 21-1 were combined with CA215, it was generally
demonstrated that much higher cancer detection rates were observed,
as compared to the use of a single biomarker alone. Therefore,
CA215, which consists mainly of cancerous immunoglobulins,
was clearly demonstrated as a pan cancer biomarker for potential
immunodiagnostic applications of human cancer.
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Introduction

In 1987, a monoclonal antibody designated as RP215 was
generated against the OC-3-VGH ovarian cancer cell extract [1-
5]. This monoclonal antibody has been extensively characterized
with respect to the molecular nature of its cognate antigen,
CA215, from different cancer cell lines and tissue specificity by
immunohistochemical studies [2]. Through initial studies, it
was generally concluded that the antigen recognized by RP215
is highly associated with cancer cells or cancerous tissues, but
it is not found on normal human tissues, except in hyperplastic
epithelial cells or tissues, such as those of the skin, esophagus, and
cervix, as well as in several immune-privileged sites, including
the neuron, eye, and testis [1-4,6-10].

The antigen recognized by RP215, CA215, can be detected
in the shed media from a number of cultured cancer cells [2,5].
Therefore, Matrix-Assisted Laser Desorption/lonization Time-
Of-Flight Mass Spectrometry (MALDI-TOF MS) analysis was
performed to determine the molecular identity of affinity-
isolated CA215 from the shed media of OC-3-VGH ovarian and
C-33A cervical cancer cell lines [2,5]. Following tryptic digestion
of CA215, the peptide fragments were subjected to analysis by
MALDI-TOF MS. It was observed that as many as 50% of the
peptide fragments derived from the shed media of cultured
cancer cells were found to have a high degree of homology to
antigen receptors, including immunoglobulins (42%) and T
cell receptors (6%) expressed by cancer cells [5]. Many other
different glycoproteins generally categorized as immunoglobulin
superfamily proteins (IgSF) were also detected in such analyses
[11].

In view of the observation that the immunoactivity of the
RP215-specific epitope in CA215 is destroyed by periodate
treatments under mild conditions at neutral pH, it was assumed
that the unique RP215 epitope is carbohydrate-associated [3].
Following extensive studies through glycopeptide mapping
and glycosyl linkage analysis, it was suggested that the RP215-
specific epitope may be associated with a simple O-linked glycan
together with amino acid residues in the variable region of
cancerous immunoglobulin heavy chains [12]. But this RP215-
specific epitope is not found in immunoglobulins expressed by
normal B cells [3].

Since CA215 is cancer-associated, elevated levels of CA215 in
the human circulation may indicate active growth/proliferation
or metastasis of cancer cells in the human body [1,2,5,11,13-20].
Immunoassays using RP215 as a unique substitute for antibodies
against cancerous immunoglobulins have been established for
the quantitative determination of serum levels of CA215 [1].
They have successfully been used to monitor CA215 levels in the
human sera of patients confirmed or diagnosed with cancers of
various tissue origins [21].

Therefore, in this review, results of CA215 clinical evaluations
are highlighted to demonstrate the potential applications of
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CA215 as a pan cancer biomarker. Parallel comparisons with
other known cancer biomarkers are also presented to document
the clinical utility of CA215 in the immunodiagnostics of many
different types of cancer in humans [21]. Meanwhile several
review papers from the author’s lab have also been published
and should facilitate our understanding about the potential
functional roles of cancerous immunoglobulins or CA215, as well
as the potential applications of RP215 in cancer immunotherapy
[22-26].

Methods
Sandwich enzyme immunoassays for CA215

Basically two different RP215-based immunoassay
procedures can be performed to quantitatively determine
CA215 levels from cancer patients during routine clinical
diagnostic applications [1]. They are sandwich and competitive
immunoassays, respectively. CA215 is a mixture of different
glycoproteins, including immunoglobulins, expressed by cancer
cells, each of which is attached or linked with the RP215-specific
carbohydrate-associated epitope(s) [11]. Therefore, RP215 can
serve as a unique probe to tag cancerous immunoglobulins and
can be used to formulate immunoassays for the quantitation of
CA215. If a given CA215 contains two or more repeated RP215-
specific epitopes, a sandwich enzyme immunoassay can be
designed based on the use of RP215 monoclonal antibody alone as
the capturing and detecting antibody with enzyme labeling, such
as with Horseradish peroxidase (HRP). This sandwich enzyme
immunoassay has been employed for a large scale evaluations of
serum CA215 levels of more than 500 patients confirmed with
different cancers [21]. CA215 antigen standards were required
for clinical evaluations of CA215 levels among cancer patients
and were prepared from partially purified CA215 obtained from
the shed medium of cultured OC-3-VGH ovarian cancer cells.
Similar to many other tumor biomarkers, the CA215 cancer-
associated antigen was calibrated and defined in arbitrary units
per millimeter (AU/mL). The typical CA215 sandwich enzyme
immunoassay is a two hour single-step procedure at 37°C with
a minimum detection sensitivity of 0.02 AU/mL. Positive CA215
levels are defined as those above the mean reading of normal
negative serum plus two standard deviations [21].

Competitive enzyme immunoassay for CA215

An alternative competitive enzyme immunoassay method
was also formulated for the quantitative determination of
CA215 as the pan cancer biomarker. In a typical competitive
enzyme immunoassay, microwells are coated with partially
purified CA215. RP215 conjugated with HRP served as the signal
detecting antibody. This immunoassay is initiated by adding
serum specimens containing CA215 to compete with well-coated
CA215 for the binding of RP215-HRP conjugate in the incubation
mixture. Therefore, after this one hour assay procedure, the
signal intensity can be observed and is inversely proportional
to the CA215 found in a given patient serum specimen. A typical
standard curve in this competitive assay is presented in Figure 1
for comparative purposes.
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Figure 1: Standard curve of typical competitive CA215 immunoassay
in log scale of free CA215 (free AU/mL). AU was defined as an arbitrary
unit identical to that of the sandwich enzyme immunoassay Kit.

Compared to a CA215 sandwich enzyme assay, CA215 with
a single RP215-specific epitope can be detected and no multi-
epitope is required to generate the required binding signal.
However, the dynamic range of this CA215 competitive enzyme
immunoassay is relatively narrow and restricted within a certain
CA215 concentration range, when compared to that of the
CA215 sandwich enzyme immunoassay for CA215 quantitation.
Therefore, in this review, all the data related to CA215 levels
are provided from the use of the CA215 sandwich enzyme
immunoassay.

Results and Discussion

Applications of CA215 and other known cancer
biomarkers in routine cancer immunodiagnostics

Early evaluation studies with ovarian and cervical
cancer: Following the initial generation and characterization of
RP215 in 1987, it was thought that the cognate antigen to RP215,
CA215, is an antigen which was commonly found in ovarian and
cervical tumors, as well as the sera of ovarian or cervical cancer
patients. Therefore, the name of COX-1 was used during early
studies of CA215 [4, 27]. However, by use of MALDI-TOF MS
analysis, it was clearly demonstrated that CA215 consists mainly
of immunoglobulin heavy chains expressed by cancer cells [1, 5,
11, 18]. Nevertheless, serum CA215 levels among patients with
cervical or ovarian cancer were investigated in great detail,
particularly the stage-dependence of positive CA215 rates
[1]. Typical results of such clinical immunodiagnostic studies
are summarized in Table 1 for cervical and ovarian cancer. It
was clearly demonstrated that positive rates correlated well
with cancer diagnosis and clinical stage. Serum CA215 levels
between cancer patients and normal individuals were found to
be significantly different (P < 0.001). In the case of ovarian cancer,
the positive rates range from 58-86% depending on clinical
stage, when compared to normal individuals. For cervical cancer
patients, the positive rates were as high as 66-94% at advanced
cancer stages [1].

Through statistical analysis, the stage dependence of serum
CA215 levels was clearly demonstrated for either ovarian or
cervical cancer, especially at Stage I vs. Stage Il or III (P < 0.001).
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Table 1: Serum levels of CA215 (in AU/mL) from Normal Individuals and Patients with Different Stages of Ovarian or Cervical Carcinoma.

Ovarian carcinoma?® Cervical carcinoma®
Normal control
Stage 1 Stage 2 Stage 3 Stage 1 Stage 2 Stage 3
Number of cases (n) 59 24 7 40 25.0 20.0 5.0
Mean (AU/mL)¢ 5.47 36.2 60.2 55.0 72.0 87.2 88.8
Standard deviation (SD) 10.37 27.2 27.0 447 25.9 37.0 35.3

2 for normal control vs. any of the stages 1, 2 or 3 of ovarian carcinoma, P < 0.001. For stage 1 vs. stage 2 and 3 ovarian carcinoma, P < 0.05. For stage

2 vs. stage 3 ovarian carcinoma, P > 0.05;

stage 2 vs. stage 3 cervical carcinoma, P > 0.05.

b: for normal control vs. any of the stages 1, 2, or 3 of cervical carcinoma, P < 0.001. For stage 1 vs. stage 2 and 3 cervical carcinoma, P < 0.01. For

. AU represents an arbitrary unit which was defined based on the first generation enzyme immunoassay kit [1]. Modified from [1] with permission.

However, serum CA215 levels between Stage Il and Stage 11l are
not well differentiated (P > 0.05) [1]. Overall, these experimental
results should serve to indicate that CA215 is indeed a reliable
pan cancer biomarker for differential clinical diagnosis of
patients with cervical or ovarian cancer at various clinical stages.

The results of these clinical studies with cervical and ovarian
cancer also revealed that the mean serum CA215 levels remained
atrelatively high levels during the preoperative stages and within
one week prior to surgical operations or chemo- or radiotherapy.
In contrast, serum CA215 levels decreased significantly when
determined seven days after surgical operations or chemo- or
radiotherapy, as summarized in Figure 2 [1]. Based on these
studies, it can be concluded that the surgical removal or chemo
treatments of cancer among patients with cervical and ovarian
cancer resulted in a statistically significant decrease in CA215
levels. The results indicate that CA215 detected from the cancer
patients most likely originates from the tumor site and that the
tumor burden can be adequately reflected by serum CA215
levels of cancer patients. Therefore, routine monitoring of cancer
patients with serum CA215 levels should be beneficial regarding
the status of cancer progression following scheduled therapeutic
or surgical treatments.
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Figure 2: Comparisons of serum levels of CA215 among preoperative/
postoperative treatments as well as radio/chemo therapy for patients
with ovarian or cervical carcinoma, displayed in histograms with stan-
dard deviations indicated by error bars. White: cervical carcinoma (n =
23), Grey: ovarian carcinoma (n = 18), Preoperative vs. postoperative
(>7 days): P < 0.05, Preoperative vs. radio/chemo therapy (>7 days): P
< 0.05. Taken from [1] with permission.

Based on the same RP215-based sandwich enzyme
immunoassay, serum CA215 levels of more than 500 patients
confirmed with either of twelve different cancers and were
determined. Simultaneously, the clinical serum specimens
were also evaluated for many other known -cancer biomarkers
including Alpha-Fetoprotein (AFP),carcinoembryonic antigen
(CEA), cancer antigen 125 (CA125), cancer antigen 15-3 (CA15-3),
cancer antigen 19-9 (CA19-9), $2-microglobulin, and cytokeratin
19 fragment (Cyfra 21-1) [21]. The positive rates for CA215 and
other cancer biomarkers were determined and compared for
each of the following types of cancer: lung, colon, liver, ovary,
kidney, esophagus, pancreas, breast, and stomach. Results of this
comparative study are summarized in Table 2.

Large scale evaluations of serum CA215 levels among
cancer patients: In the case of serum CA215 levels, positive
detection rates of 50% or higher were found in serum specimens
of cancer patients with lymphoma or cancers of the lung, liver,
esophagus, stomach, ovary, breast or cervix (Table 1) [21].
The scattergram of CA215 levels of different cancer types are
presented in Figure 3 for comparisons. By using 0.1 AU/mL as
the normal cut-off value, the positive rates of CA215 for different
cancers were shown to be, respectively, 52% for lung cancer, 44%
for colon cancer, 61% for esophageal cancer, 60% for stomach
cancer, 59% for ovarian cancer, 71% for breast cancer, 38%
for kidney cancer, 41% for pancreatic cancer, 51% for cervical
cancer, and 83% for lymphoma [21]. Relative positive rates of
serum CA215 with each cancer type are clearly demonstrated by
the scattergram shown in Figure 3.

Clinical evaluations of cancer patient’s specimens by
using other known cancer biomarkers: Besides CA215,
serum specimens were also used for quantitative determination
of other known cancer biomarkers [21]. Among these cancer
biomarkers, CA125 is most commonly used for the detection and
monitoring of ovarian cancer [28, 29]. CA15-3 is most specific for
breast cancer detection, and CA19-9 is more specific to cancer of
the pancreas, stomach, and liver [30-33]. AFP is a known cancer
biomarker which is specific to hepatoma and other germ cell
tumors while CEA and 2-microglobulin are more or less pan
cancer biomarkers of broad tissue origins [34-36]. Cyfra21-1
was found to be unique to lung cancer, with positive detection
rates of about 50% [37, 38]. In Table 2, individual and combined
positive rates are presented for six types of human cancer (lung,
liver, ovary, esophagus, breast, and stomach) with the use of
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Table 2: Comparative Positive Detection Rates of Various Cancers by CA215-based and Other Cancer-Associated Antigen-based Enzyme Immunoassay
Kits.
€Az15 Lung (n)® Liver (n) Ovary (n) Esophagus (n) Breast (n) Stomach (n)
(0.1 AU/mL)* g y phag
Ic 52% (112) 74% (58) 61% (23) 71% (44) 60% (30)
CEA d 0, 0, - 0, 0, 0,
(5 ng/ml) 11 67% (33) 54% (35) 47% (19) 95% (20) 50% (14)
I11¢ 94% 81% 65% 96% 70%
I 74% (58)
AFP
- 0, - - - -
(20 ng/ml) 11 50% (40)
111 85%
I 52% (112) 74% (58) 59% (68) 61% (23)
CA125
0, 0, 0, 0, - -
(35 AU/mlI) 11 85% (13) 85% (13) 59% (66) 50% (12)
111 85% 92% 82% 75%
I 74% (58) 60% (30)
CA19-9
- 0, - - - 0,
(37 AU/ml) 11 55% (22) 75% (16)
11 82% 81%
I 71% (44)
CA15-3
- - - - 0, -
(30 AU/ml) f 83% (6)
11 83%
I 74% (58) 59% (68)
B, microglobulin (2.6 ) N o ) ) )
ng/ml) 11 56% (16) 90% (10)
11 81% 100%
I 52% (112)
Cyfra21-1 o
(3.3 ng/ml) 11 50% (52) - - - - -
111 77%
2: the concentration in each bracket () is the cut-off value for each respective cancer biomarker;
b n refers to the number of patient cases;
¢ CA215 only;
d: other marker only;
e: [II: combined, Modified taken from [21] with permission.
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Figure 3: Scattergram to reveal the serum CA215 levels and positive rates from normal individuals (n = 52) and cancer patients (total n = 557). 1:
normal individuals as the negative control (5%, n = 52); 2: lung cancer (52%, n = 112); 3: liver cancer (74%, n = 58); 4: colon cancer (44%, n = 95); 5:
ovarian cancer (59%, n = 68); 6: prostate cancer (40%, n = 40); 7: breast cancer (71%, n = 44); 8: kidney cancer (38%, n = 23); 9: esophageal cancer
(61%, n = 23); 10: stomach cancer (60%, n = 30); 11: pancreatic cancer (41%, n = 17); 12: cervical cancer (51%, n = 33); and 13: lymphoma (83%, n
=12). The dash line indicates the cut-off value of 0.1 AU/mL. The positive rates of all different cancers were statistically significant with P < 0.05. The
AU was defined based on the second generation enzyme immunoassay kit. Taken from [21] with permission.
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CA215 and in combination with either one of the other seven
cancer biomarkers [21]. In view of somewhat restricted tissue
specificity of some of the known cancer biomarkers, only parts of
the data are selectively presented for comparative analysis with
those of CA215.

Overall, the combined use of CA215 and either one of these
cancer biomarkers were found to commonly result in a much
higher detection rate to a given cancer. For example, in the case
of lung cancer, a 52% positive detection rate in cancer patients
was found with CA215 marker whereas with Cyfra21-1 marker,
a 50% positive detection rate was obtained. When both markers
were combined for diagnosis, the positive detection rate was
found to be as high as 77% [21]. Similarly for ovarian cancer, the
combined positive rates for both CA215 and CA125 increased
from 59% to 82% [21].

General Conclusion

Relative clinical utility of CA215 and other known biomarkers
was assessed through large scale and extensive evaluations of
serum specimens from cancer patients [21]. It has been well-
established through early studies that CA215 consists mainly
of immunoglobulins expressed by cancer cells both in vitro
and in vivo [1,5,11,18]. Since RP215 was shown to recognize a
carbohydrate-associated epitope in CA215, RP215 was utilized
in the formulations of sandwich enzyme immunoassays for
quantitative determination of serum CA215 levels of patients
with all different types of cancer. As a pan cancer marker, CA215
is better than CEA or $2-microglobulin and shows higher positive
detection rates to most cancers [21]. CA215 is also comparable
to CA125 in terms of positive detection rates for most human
cancers, including ovarian cancer. However, in the case of
cervical cancer, a much higher detection rate was found with the
use of CA215 alone than that of CA125 (81% vs. 13%). However,
combinations of CA215 and CA125 gave a better detection rate
to ovarian cancer (59% vs. 82%) [21]. In the case of lung cancer,
CA215 and Cyfra21-1 gave comparable positive detection rates
[21]. Combinations of CA215 with either CEA or AFP appeared
to give higher positive detection rates to liver cancer [21]. In
summary, combinations of CA215 with other cancer biomarkers
are certainly beneficial in increasing positive detection rates
during routine clinical diagnosis of a given cancer. Therefore, the
large scale evaluation studies of CA215 presented in this review
have clearly demonstrated the potential clinical utility of CA215
as a pan cancer biomarker [21].
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