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Conflicting views on the molecular structure
of the cancer antigen CA125/MUC16
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Abstract. CA125 is a tumor antigen used to monitor the progression and regression of epithelial ovarian cancer. Despite the
widespread use of CA125, the biochemical and molecular nature of this antigen is poorly understood. Analysis of the structure
of CA125 is essential for determining the physiological role of this very significant tumor marker. Accumulated experimental
evidence has shown that CA125 epitopes reside on a molecule of very complex architecture in terms of both protein backbone
and oligosaccharide structures. It is not clear whether the heterogeneity of CA125 molecular characteristics are due to the
variability of biological sources from which the molecule was isolated or to the different biophysical methods used for the
characterization of all the oligosaccharides linked to CA125 or to the presence of glycoisoforms for this protein. This review
attempts to summarize emerging data related to molecular characteristics of CA125 and to compare approaches undertaken to

reach a better understanding of molecular features of this tumor marker.
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1. Introduction

CA125 is a significant tumor marker associated with
many human cancers but it is most widely used for di-
agnosis [1], monitoring of patients with ovarian can-
cers and for detection of progression of epithelial ovar-
ian cancer [2]. This biomarker denotes the presence
of ovarian and reproductive cancers in women, with
serum concentrations of CA125 greater than 35 U/ml
considered indicative of potential malignancies [3]. In-
terpretation of rising CA125 levels in diagnosed pa-
tients continues to be a topic of conversation among
clinicians [4]. The CA125 is elevated in other can-
cers including endometrial [5], breast [6], lung [7], liv-
er, stomach and bladder [8]. Despite the widespread
use of CA125, the biochemical and molecular nature
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of this antigen is poorly understood. The knowledge
of the domain structure of CA125 provides researchers
with many possible explanations for the discrepancies
in measurement of this tumor marker [9].

However, it’s very high molecular weight and muci-
nous nature pose major obstacles for performing struc-
tural characterization studies. Here, we review emerg-
ing data related to molecular characteristics of CA125
and compare different approaches undertaken to reach
a better knowledge about the structure of this tumor
marker. Information on the expression, the molecular
and biochemical nature of the CA125 antigen is of spe-
cial interest since it could lead to improve assay meth-
ods as well as to a better understanding of its biological
role in normal and malignant tissues.

2. What is known about CA125 asaclinical tumor
marker?

The role of the cancer antigen CA125 in relation
to ovarian cancer has been studied extensively. Char-
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acterized in 1981 [10], the CA125 antigen remains
the best-characterized serologic tumor marker usual-
ly adopted to evaluate the clinical situation in ovarian
cancer patients. It has been used for many years to
detect ovarian cancer recurrence and to monitor treat-
ment response [11]. Large efforts have been deployed
in search of biomarkers for early cancer detection, for
disease classification, and for monitoring response to
cancer therapy [12-15]. Various groups have investi-
gated by combination approaches to increase the di-
agnostic value of multiple markers. Their sensitivities
and specificities were often improved by combinations
of two or more markers, usually with CA125 as one
of these [16-18]. Approximately more than 30 serum
markers have been evaluated alone or in combination
with CA125 by different investigators [19]. Some of
the most promising include HE4, mesothelin, M-CSF,
OPN, KLK(s), and soluble EGF receptor [20]. Yet,
no single marker has emerged as a serious competitor
for CA125 [21]. The epithelial sialomucins are cur-
rently the most important group of markers for ovarian
cancer [18]. These are heavily glycosylated proteins
with relatively high molecular weights and include the
well approved marker for monitoring ovarian cancer,
CA125, also known as MUC16.

Clinical management of ovarian cancer patients is
facilitated by CA125 determinations in serum. Present-
ly, several assay systems based on different concepts
and different methodologies are available to measure
CAL125. The first method developed to measure CA125
was a radioimmunometric assay that used the murine
monoclonal antibody OC125 as both capture and indi-
cator antibodies [22]. OC125 was obtained after im-
munization with the OVCA 433 cell line, which was
derived from the ascites fluid of a patient with papillary
cystadenocarcinomaof the ovary [10]. Monoclonal an-
tibodies raised against other epitopes expressed by this
molecule have led to the development of the CA125-11
assay, a variant of the original CA125 assay that uti-
lizes the M11 monoclonal antibody as the capture anti-
body [11,23]. Several studies documentthe similarities
of sensitivity and specificity obtained with the original
CA125 and newer CA125-11 assays [24,25]. For the
quantitative determination of the CA125 concentration
in human serum, the microparticle enzyme immunoas-
say (MEIA) had a high degree of practicability and a
short turn-around-time [26]. A fluorescent immunoas-
say was recently developed employing the ALYGN-
SA antibody-orientation system that has been used to
measure CA125 levels. This system displayed signif-
icantly increased sensitivity and should permit better
identification and monitoring of ovarian cancer [3].

To investigate if the source of CA125 influenced epi-
tope characterization, CA125 derived from ascites flu-
id and cervical mucus was assessed. Ascites-derived
CA125 varied in size from about 190 to about 2.700
kD. Cervical mucus-derived CA125 treated with ultra-
sound changed its apparent size from more than 20.000
to 700 kD. Epitope mapping of antibodies was not
grossly influenced by the size or source of CA125 used
as target but different responses were depending on the
antibody pair used [27].

3. What is known about CA125in tissues?

CA125 was described previously as the prominent
marker for ovarian cancer monitoring, however, the
peptide epitope CA125 carried by MUC16 [gene mucin
16], is also present in normal physiological condi-
tions [28,29]. MUC16 was expressed in normal tissues
such as the surfaces of respiratory tract epithelia and
female reproductive tract epithelia [30]. Of particular
interest is the expression of MUC16 by the human ocu-
lar surface epithelia [31]. MUC16/CA125 was detect-
ed in the lacrimal gland [32], in the tear fluid [33], in
the tips of epithelial processes of cornea and conjunc-
tiva [31]. MUC16 was considered as a multifunctional
mucin on the corneal epithelial surface. It has been
suggested that MUC16 play a role in protecting the
apical surface from pathogen adhesion [30]. Another
postulated function of MUC16 is to alter the precorneal
tear film and consequently it may be involved in dry
eye pathology [34].

In ovarian cancer, MUC16/CA125 may facilitate tu-
mor cells interactions.In this context, Galectin-1 [35]
and mesothelin [36,37] have been reported to bind to
CA125 from ovarian cancer cell lines. Owing to its
nature as a glycoprotein, potential ligands of CA125
include lectins of the extracellular matrix (ECM) such
as the g-galactoside-specific family of galectins [38].
CA125 cell surface expression might affect cell at-
tachment to the extracellular matrix in a galectin-1-
dependent manner [35]. Moreover, CA125 in tumor
cells is implicated as a mediator of cellular adhesion,
acting as a lubricant as well as a binder of mesothelin,
a known cell-surface molecule that is expressed in the
mesothelial lining of various body cavities. The binding
of MUC16 to mesothelin may allow cellular adhesion
activity, thus enabling tumors secreting CA125 to in-
vade surrounding tissue and organs and consequently it
helps the ovarian tumour cells to metastasize and form
aggregates [36]. Thus, blocking the mesothelin-CA125
interaction may prevent or reverse metastasis and lead
to overall improved survival in cancer patients [39].
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Table 1

Differences in molecular sizes of CA125 isolated from different sources

Source of CA125

Methods to isolate CA125

Molecular weights

*Sera of ovarian carcinoma
*Human milk

Ascites

Ovarian cancer OVCA433

cell lines

OVCAR-3

Caov-4 and NIH:

OVCAR-3

*Molecular size exclusion chromatography patients
*Buoyant density ultracentrifugation

*SDS-PAGE
*HPLC gel filtration

*0C125 immunoaffinity chromatography
*SDS-PAGE

*Molecular size exclusion chromatography
*Buoyant density ultracentrifugation
*Immunoblot (OC125)

*0C125 SDS-PAGE under non denaturing
immuno-affinity and non reducing conditions
chromatography

SDS-PAGE under denaturing and
non reducing conditions
*HPLC gel filtration

*0OC125 immunoaffinity chromatography
*SDS-PAGE

*VK-8 immuno-affinity chromatography
*HPLC gel filtration
*SDS-PAGE under reducing conditions

*0OC125 immuno-affinity chromatography
*Electrophoretic analysis

*Gel filtration
*Chromatography on wheat-germ-lectin-Sepharose

200 to 16* kDa

*400 kDa
*103 kDa

200 to 10° kDa

*10% kDa
*200 to 600 kDa

200 kDa

*400 kDa
*103 kDa

> 10% kDa

200 kDa

> 200 kDa

*Western blot

4. Biochemical Analysisof CA125: No consensus
about its molecular characteristics

Despite extensive and fundamental research, con-
troversy still exists on the molecular characteristics of
CA125. The biochemical determination of the CA125
antigen has produced conflicting data with evidence
suggesting that it is a protein, a mucin, a carbohydrate,
or a membrane-associated glycoprotein [40]. The first
biochemical analysis of the CA125 antigen, which was
purified from human milk, suggested that it was a
sialylsaccharide antigen carried on a mucin glycopro-
tein [41]. Based on the gene structure, it is suggested
that CA125 antigen is a transmembrane protein, com-
prising an extracellular domain, a transmembrane re-
gion, and an intracellular domain [42].

Experimental approaches for both the isolation and
characterization of the antigen CA125 differ between
studies. A comparison between different techniques
and biological sources used to purify and characterize
the CA125 and their results will lead to a greater under-
standing of the various data related to this tumor mark-
er. The question is whether the biochemical differences

found are resulting from the variability of biological
sources from which the molecule was isolated (first hy-
pothesis) or from the use of different techniques that
can provide complete or incomplete characterization of
all the oligosaccharides linked to CA125 (second hy-
pothesis) or that this protein has different isoforms that
are differentially expressed from one biological source
to another or in the same source (third hypothesis)?

4.1. What is known about CA125 isolated from
various biological fluids?

The fact that CA125 is a heavily glycosylated, high-
molecular-weight protein has been established by a
number of studies showing differences in molecular
sizes of this tumor marker from different sources (Ta-
ble 1). Davis et al. carried out an initial character-
ization of CA125 antigen isolated from a number of
sources. The CA125 isolated from the sera of ovarian
carcinoma patients was shown by gel electrophoresis,
molecular size exclusion chromatography and buoyant
density ultracentrifugation to have similar immunolog-
ical and physical characteristics to the antigen isolat-
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ed from human milk. A composite SDS gel resolved
CA125 from the two sources of antigen into disperse
bands of similar electrophoretic mobilities with appar-
ent masses of 200 to 102 KDa to 1 million Daltons [43].
The results of immunoaffinity chromatography to iso-
late CA125 from ascites fluid of ovarian cancer patients
indicate that CA125 moieties from patient ascites exist
as high molecular weight glycoprotein complexes that
migrate as 3 or 4 disperse bands with apparent molecu-
lar weight between 400 and 103 KDa and 1,000,000 Da
using SDS-PAGE. It could not be determined whether
these moieties represent oligomers of a smaller subunit,
different glycoforms, or macromolecular complexes of
distinct glycoproteins [44]. SDS-PAGE and gel filtra-
tion characterization showed that the purified antigen
CAL125 from human ascites exists as a high molecular
weight complex, of up to 1.5 million daltons, which
could be dissociated under strong denaturing condi-
tions, giving rise to moieties with an apparent MW of
205 and 55 kD [45].

Analysis of CA125 from ascites, normal abdomi-
nal fluid, cyst fluid from a woman with a benign ovar-
ian cyst, and serum from an ovarian cancer patient
showed marked differences in the presence of these dif-
ferent components [40] and also as analyzed by SDS-
PAGE and Western blotting of material from a va-
riety of sources [46]. CA125 was found in normal
abdominal fluid and cervical mucus with a molecu-
lar mass ranged between 1-4 MDa [40,47]. Endoge-
nous protease activity and continuous deglycosylation
of oligosaccharide chains in body fluids are thought to
be responsible for the heterogeneity of CA125 in both
size and charge [48]. Different sites of glycosylation
on CA125 produce a heterogeneous mixture of vary-
ing molecular mass (mostly > 1000 kDa) glycopro-
teins. This heterogeneity shown by anionic exchange
chromatography may also be due to differences in sial-
ic acid content as a result of normal protein turnover
and deglycosylation in body fluids [49] as well as to
alternative splicing resulting in a variable number of
tandem repeats [50]. Another possible reason for dif-
ferences between CA125 molecules should be noted.
Biological differences between cancer-associated and
normal forms of the protein may exist. Further studies
are underway to investigate the biological differences
between these molecules. There is a need to imple-
ment strategies to share and to integrate data from anal-
yses of various sources, including tumour-cell popu-
lations, tumour tissue, proximal fluids and peripheral
blood, to gather all properties of MUC16/CA125. To
achieve such a goal, this review gives a snapshot of
various advances that have taken place in the field of
MUC16/CA125 biomarker discovery.

4.2. |solation of CA125 from different ovarian
carcinomacell lines

Many groups have focused on characterizing CA125
from various ovarian cancer cell lines. Here, we report
the potential differences found in CA125 isolated from
these ovarian cancer cell lines (Table 1).

By using a new murine monoclonal antibody (MAb
VK-8) detecting the CA125, Lloyd et al. have puri-
fied the antigen from OVCAR-3 ovarian cancer cells
by affinity chromatography. After CA125 purification
based on VK-8 antibody, the biochemical character-
ization of this purified antigen showed that it had a
high content of serine, threonine and proline [51]. This
composition profile is very similar to other mucin-type
molecules [52]. Treatment of the antigen with alkaline
borohydride resulted in a loss of 47% of the serine con-
tent and 31% of the threonine, indicating that many of
the serine and threonine residues were O-glycosylated
with carbohydrate chains. This property is another
characteristic of mucins [53]. The major conclusion
from the mentioned study was that the biochemical
properties of the purified antigen are characteristic of a
mucin-type glycoprotein:

1. the molecule is highly glycosylated (77% wiw),
mainly with galactose, N-acetylglucosamine, and
N-acetylgalactosamine,

2. the protein moiety is rich in serine, threonine and
proline,

3. many of the serine and threonine residues are

glycosylated,

the glycan chains are almost entirely O-linked

5. these chains carry fucosylated Type 2 (Ley and
Lex, and H type 2) blood group structures.

B

Inaqueous buffer as well as in urea, the antigen exhibit-
ed a very high molecular weight (> 103 kDa), but it was
degraded by proteolytic enzymes to smaller fragments
that no longer reacted with the antibody [51]. The same
cancer cell line (OVCAR-3) and the monoclonal anti-
body OC 125 were used in the study of Murdoch et al.
for immunopurification of CA125 [54]. Electrophoret-
ic analysis revealed a prevalent band of approximately
200 kDa.

NIH cancer cell line: OVCAR-3and Caov-4 cellsare
other cancer cell lines that were the biological sources
used to purify the antigen CA125 by gel filtration
and chromatography on wheat-germ-lectin-Sepharose.
CA125 purified by ammonium sulfate precipitation and
gel filtration showed six bands in SDS gel. Using west-
ernblot, only one band above 200 kDa was stained [55].
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The early form of CA125 isolated from NIH: OVCAR-
3 ovarian cancer cell line was shown to be a glycopro-
tein, and no smaller species of mature forms of CA125
were formed, suggesting that CA125 was synthesized
through a glycosylated 400-kDa precursor [56]. Con-
cerning the ovarian cancer cell line SHIN-3, a molecule
of 49 kDa was secreted [57].

Analysis of 35S-methionine-labeled CA125 pro-
duced in the amnion derived WISH cell line showed
similar synthesis of CA125 within two hours as a sig-
nificantly larger than 200-kDa product, which was se-
creted into the medium within 4 h as a 200-kDa protein.
This secreted form was thought to be an underestimate
of the true size of the newly synthesized protein and it is
a result of proteolytic degradation upon secretion [49].

Using SDS-PAGE, CA125 isolated from human
ovarian carcinoma cell line OVCA433 by HPLC gel
filtration column and then by OC125 immunoaffinity
chromatography showed 3 or 4 disperse bands with ap-
parent molecular weight between 400 and 103 kDa [44].
In another study, isolation of CA125 antigen of higher
purity from OVCAA433 supernatant was achieved by a
series of steps including OC125 immunoaffinity chro-
matography. Under non denaturing and non reduc-
ing conditions, CA125 shows high molecular mass of
greater than 1 million Da and lower molecular mass
of 200.000 to 600.000 Da. Under denaturing and non
reducing conditions CA125 showed Molecular mass of
200.000 Da. It was concluded that CA125 epitopes
were carried on large glycoproteins, with molecular
weight of 2 x 105-10° Da, which did not have the
properties of a typical mucin and that CA125 is an
extremely complex molecule from both the proteomic
and glycomic perspectives [43].

5. After morethan 20-yearseffort to characterize
the antigen CA125

Considerable efforts have been deployed towards
characterizing the antigen CA125. Progress in un-
derstanding the molecular nature of CA125 has been
hampered by difficulties encountered in attempting to
clone this antigen. Direct amino acid sequencing of
CA125 is complicated by the large size and heavy
glycosylation of the protein. Expression cloning pro-
vides a convenient alternative to determine the prima-
ry sequence of CA125. The first cDNA clones for
CA125 were published the same year by two indepen-
dent groups [42,58]. Using the same cancer cell lines
and protocols to purify CA125 as in 1997, Lloyd et

al. have cloned, by expression cloning, a long partial
cDNA sequence corresponding to a new mucin species
(designated MUCL16).

MUC16 belongs to a family of membrane-bound
mucins that encodes a transmembrane-bound molecule
called CA125. Mucin glycoproteins are a heteroge-
neous family of high-molecular-mass, heavily glycosy-
lated proteins differentially expressed in epithelial tis-
sue. To date, nineteen human apomucin genes have
been identified (MUC1-MUC19) and the correspond-
ing fully glycosylated mucins (up to 80% carbohydrate)
are designed according to them [59]. However, each
mucin can be distinguished by the length and amino
acid sequence of its tandem repeat unit [60].

Confirmation that the CA125 clone represents a
mucin is provided by the presence of tandem repeat
units rich in threonine and serine [58]. A domain of
tandem repeat arrays enriched in hydroxyl amino acids
characterizes all known mucins. The abundance of
threonine and serine residues provides many potential
sites for O-glycosylation [61]. MUC16 has two partic-
ularities from other mucins: the high content of leucine
and the unusual length of the repeat units (156 amino
acids) that characterizes the extracellular region. This
extracellular region is dominated by residues that car-
ry multiple O—and N —glycans. Amino acid analysis
of MUC16 revealed that its sequence contains numer-
ous lysine and arginine residues that are remote from
the postulated O-glycosylation sites [58]. The crystal
structure of the repeats was characterized, revealing the
presence of varying types of SEA (S = sea urchin, E =
enterokinase, and A = agrin) domains, a structural mo-
tif found in highly O-glycosylated membrane proteins
that is cleaved and then reassociates via noncovalent
bonds [62].

The tandem repeat sequence is recognized by the an-
tibodies OC125 and M11 confirming that the detection
mechanism of most commercial assays for CA125 is
found in the extracellular repeat domains [58]. Vari-
ation in the MUC16 gene may cause changes in the
CAL125 protein. Despite improvements in the specifici-
ty of the CA125 immunoassay, in most circumstances,
serum laboratory tests detect one molecule and quantify
it, with no genotypic information required [9].

It is now recognized that the CA125 molecule is a
truly massive transmembrane glycoprotein consisting
of multiple (60+) repeat domains and an amino termi-
nus. The extracellular portion is highly glycosylated
(Fig. 1) [42]. Northern blot analysis indicates that the
MRNA (GeneBank accession number AF414442.2) is
approximately 66765 bp. This vast message encodes
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Fig. 1. Proposed structure of CA125 by O'Brien et al. 2001.

a theoretical product of 22152 amino acids [63]. Due
to the highly iterative nature of the repeat region both
nucleotide and translated amino acid sequences contain
significant numbers of unknown residues. The CA125
mRNA was first characterized as a 5.8-kb transcript
before 5’ additions that extended the sequence to its
present form [42,58,63]. The CA125 molecule is com-
posed of an N-terminal domain, a tandem repeat region
and a cytoplasmic domain and there is a typically high
content of proline, serine and threonine [58]. The cy-
toplasmic tail of MUC16 is not well characterized; it
is relatively short, consisting of 256 amino acids [42].
It contains several potential tyrosine phosphorylation
sites, which are conserved in the mouse homolog of
MUC16. Although CA125 is conserved in some mam-
mals [64,65] its study is hampered by its lack of con-
servation in rodents. The absence of CA125 in rodents
may be due to ovarian biological differences. Thus it
is difficult to extrapolate data concerning CA125 struc-
ture from mouse to human [66].

The heterogeneity of the protein backbone and gly-
cosylation distribution make difficult to estimate an av-
erage molecular weight of CA125/MUC16. The core
protein sequence of this protein could have a mass ap-
proaching 2.5 million Da and the very high degree of
glycosylation suggests that the average molecular mass
of CA125 may be 3.5 million Da. Although the initial
data indicated that the N-terminal domain is made up

of 1637 amino acids, recently, it has been shown to
be vastly larger, i.e. an additional 10431 amino acids
have been found. The tandem repeat domain consists
of 40-60 repeats, each 156 amino acids long with a
disulphide bridge loop of 19 amino acids [42-57,59,
59-63]. Although the overall structure is well con-
served, only few repeats have identical amino acid se-
quences. Of additional note, MUC16 codes splicing
variants that give rise to polypeptides that differ in the
number of SEA domains. Consequently, CA125 anti-
gen may have 7, 20, or 60 tandem repeats (TR) increas-
ing the core molecular weight from 200000 daltons to
almost 4 million daltons [62].

Besides its putative nature as an integral membrane
protein, soluble fragments of CA125 have been ob-
served [58,67]. The N-terminal subunit of MUC16 is
a typical heavily O glycosylated mucin domain. Nu-
merous potential N glycosylation sites (Asn-X-Ser/Thr,
where X is any amino acid except Pro) were also found
in the sequence, including two that are perfectly con-
served in the TR region within the mucin [58].The C-
terminal portion consists of a 32-residue CT with sev-
eral tyrosine, serine, and threonine sites for potential
phosphorylation [42,67].

A few years later, Wong et al. [49] provided an un-
ambiguous sequencing of CA125-associated glycans
that required the use of rigorous biophysical meth-
ods. In their detailed analysis, they have circumvent-
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ed many problems associated with biochemical anal-
ysis of CA125. The data also confirmed robust N-
glycosylation of CA125, supporting previous studies
suggesting this possibility [48,69]. The Wong group
criticized previous approaches used by Lloyd etal. who
employed indirect approaches for characterizing the
oligosaccharides associated with CA125 derived from
OVCAR-3 cells [51]. Because of the relatively insen-
sitive methods of detection that were employed, only a
limited number of oligosaccharides were analyzed and
they have identified only several O-linked glycans ex-
pressed on CA125. The obtained results did not pro-
vide complete characterization of all the oligosaccha-
rides linked to CA125. Thus, experimental design has a
crucial role in a successful search leading to the highly
confident identification of MUC16/CA125.

In a latest study, CA125 antigen was isolated
from first trimester placental extract by gel filtra-
tion, ion-exchange chromatography and lectin affini-
ty chromatography. Elution profiles from the lectin-
affinity columns demonstrated molecular subpopula-
tions bound with low, intermediate and high affinity.
Thus, CA125 antigen was found to be heterogeneousin
respect to molecular mass species and to the existence
of different glycoisoforms corresponding to molecular
subpopulations. These data was obtained using pro-
teomic analysis and glycobiochemical characterization
of the isolated antigen [70].

More recently, a comparison of the glycosylation of
CA125 antigen from amniotic fluid and ovarian carci-
noma cell line OVCAR-3 was done in order to detect
possible differences as a specific marker of their ori-
gin. The findings from this investigation were particu-
larly interesting suggesting that the degree and nature
of glycosylation depend on the origin of the glycopro-
tein. There was also a marked difference in carbo-
hydrate composition between CA125 antigens isolat-
ed from each source suggesting the existence of mul-
tiple glycoforms, with both N- and O-linked glycan
chains [71]. Investigations of glycoconjugates present
on MUC16/CA125 protein are particularly interesting
as they may provide information about the potential
biological function of CA125 [36,37].

Like MUC1, a proadhesive function has been at-
tributed to MUC16 owing to its ability to bind specif-
ically to human galectin-1 with high efficiency [35]
and to the tumor marker mesothelin [36]. The inter-
action between CA125 and mesothelin is capable of
enhancing ovarian cancer cell metastasis. The bind-
ing of MUC16/CA125 to the N-terminus of the ex-
tracellular domain of mesothelin, that is sufficient and

necessary for binding to CA125, requires N-linked
oligosaccharides of this mucin. It has been found
that the extraordinarily abundant N-glycans on CA125,
presumably in the tandem repeat region, are required
for binding to both glycosylated and non-glycosylated
mesothelin [37]. In fact, the mesothelin binding site on
CA125 may lie within the 156 amino acid tandem re-
peat units, indicating multimeric binding of mesothelin
to CA125 [39]. The importance of MUC16 glycosy-
lation was also shown in an investigation of the inter-
action of CA125-CTERM with galectin-1. These data
establish that the interaction of CA125-CTERM with
galectin-1 largely depends on O-linked g-galactose-
terminated oligosaccharide chains. Moreover, the cel-
lular context in which CA125 is expressed has a signif-
icant impact on its binding specificity for members of
the galectin family [35].

Despite intensive research efforts, molecular struc-
ture of MUC16/CA125 remains controversial. Thus,
the challenge of discovering MUC16/CA125 structure
necessitates integrated and cooperative efforts. Recent
studies have been undertaken by investigators who have
focused on analysis of this biomarker from different
biological sources by proteomic approaches using the
MALDI-TOF mass spectrometry [70,72], the tandem
mass spectrometry [MS/MS] [68,73] or the nano-LC-
FT-ICR MS [74,75]. Although mucins are difficult
to identify with proteomics as most of their peptides
are glycosylated and thus not identified in the protein
databases [72], implementation of such approaches is
likely to yield more information about the complexity
of MUC16/CA125 and to achieve a substantial depth
of analysis. Given the heterogeneity in the approaches
applied and the sampling nature of MS analysis, partial
identification of various peptides of MUC16/CA125
was the major result. Across these studies, most of the
peptides identified, occur several times in the MUC16
sequence and correspond to tandem repeat peptides [35,
72-75]. Efforts done to reduce discrepancy related to
CA125/MUC16 structure may be noticeably improved
with the development of proteomic technologies.

6. Conclusion

The present observations highlight the need for care-
ful selection of approaches used to identify such a
huge glycoprotein in term of peptide core and glyco-
sylation. Thus, reviewing the biological and techno-
logical challenges embodied for the identification of
MUC16/CA125 may provide an opportunity to know
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the successes and the failures of existing biological
foundation of such biomarker. Moreover, the relative-
ly significant progress that has been made in the last
20 years highlights a conclusive evidence for the het-
erogeneity of the MUC16/CA125 molecule.

In conclusion, it is obvious that CA125 can exist in
a number of molecular mass forms. In the light of the
different results previously mentioned, three hypothe-
ses [biochemical differences related to CA125 structure
may result from the variability of biological sources
from which the molecule was isolated or from the use
of different techniques that can provide complete or
incomplete characterization of all the oligosaccharides
linked to CA125 or that this protein has different iso-
forms that are differentially expressed from one bio-
logical source to another or in the same source], sug-
gested in this review are likely to be true. The debate
will no doubt continue in order to gain a better knowl-
edge about the molecular features of CA125. This is a
crucial step in leading to a better understanding of its
function in normal and pathological conditions.
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