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Exploding the myths about

CA analyte determination

Introduction of hybridoma technology during the 1970s resulted in the identification of a number of novel
tumour associated markers from the end of that decade onwards through their reactivity with monoclonal

antibodies.

The majority of these monoclonal antibo-
dies were raised against tumour cell lines
and/or membrane fractions from tumour
tissue. The specificities of the established
monoclonal antibodies were based main-
ly upon preferential reactivity with tumour
tissues compared to normal tissue. The
antigens recognised were also shown, in
many cases, to be elevated in serum from
cancer patients, and thus allowed serolo-
gical determination of tumour markers for
different cancer forms. The first and most
commonly used markers of the new “hy-
bridoma defined” markers were CA19-9,
CA125, CA15-3, CA50, CA242, CA72.4 etc.

Further biochemical characterisation
of the “CA-analytes” revealed that they
recognised highly glycosylated hetero-
geneous proteins, commonly known as
mucins. Mucins are notoriously difficult
to characterise and detailed knowledge
about the antigens as well as the epitopes
recognised in the “CA-analytes”, has been
poor. There has also been a considerable
myth and mystery about what actually is
determined and how to determine the
“CA-analytes”.

However progress in the knowledge of
the biochemistry of mucins and charac-
terisation of antibodies for determination
of the “CA-analytes” has provided consi-
derable insight and knowledge about the
CA-antigens as well as the CA-assays.

The understanding of mucins has dra-
matically increased during the 80-ies
and 90-ies through the biochemical cha-
racterisation and cloning of the genes of
several common mucins. Over the past
three years, the mucin-like superstructure
of the CA125 gene has also been revealed
(ref.2).

The initiative of ISOBM (International So-
ciety of Oncodevelopmental Biology and
Medicine) to conduct International Work-
shops in order to characterise monoclo-
nal antibodies towards common tumour
markers has also provided much new
knowledge about the CA-analytes and
monoclonal antibodies for their determi-
nation. It is an important forum that seeks
to explode many of the myths that have
grown up around the issue of tumour
markers and antibody performance.
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CanAg Diagnostics has participated
in all the ISOBM workshops. Accor-
ding to Olle Nilsson, founder of CanAg
Diagnostics,”These workshops clearly
demonstrate that there are a number
of antibodies that may be used to de-
termine the CA markers, that different
antibody combinations may be used as
long as they are well characterised and
the detailed reactivity of the antibodies
used are known.”

Based on the ISOBM efforts to un-
derstand the molecules new generations
of antibodies may now be identified.
Through improved knowledge, the hunt
for more appropriate antibodies is made
easier.

Back to basics

In particular, considerable efforts have
gone into the characterisation of the
CA15-3 found in breast cancer, CA 125,
indicative of ovarian epithelial cancers
and CA19-9 which suggest the presence
of pancreatic and colo-rectal cancer.
These markers were amongst the first
CA-analytes to be discovered using mo-
noclonal antibodies.

CA19-9, CA15-3 and CA125 are interes-
ting because they represent three dif-
ferent types of immunoassays for deter-
mination of tumour associated mucins. In
the CA19-9 assay, a single determinant
assay format is used. In the assay a si-

alylated carbohydrate epitope (S-Lea) is
determined that is expressed on several
different mucin core proteins. Thus seve-
ral different mucins may be determined
in the CA19-9 assays.

In the CA15-3 assay, antibodies directed
against the MUC-1 mucin core protein
are used in combination with an antibody
directed against a carbohydrate epitope
associated with MUC-1 of breast cancer.
Thus, a double determinant assay format
is used, determining a carbohydrate
epitope in combination with a protein
epitope.

In the CA125 assay, two monoclonal anti-
bodies directed against different protein
determinants in the CA125 protein core
are used. As a result, the CA125 assay is
less influenced by differences in glycosy-
lation between different individuals and
conditions.

Mucins are epithelial glycoproteins, ha-
ving a high content of O-linked carbohy-
drates. In addition, it has been found that
they have a protein backbone containing
tandem repeats that are specific to each
mucin.

Mucins may be classified according
to whether they are secreted, or
bound(fig.1). MUC-7 is an example of
a secreted monomeric mucin, though
other mucins can be dimeric or multime-
ric, such as MUC-2. Epithelial membrane
mucins are typified by MUC-1.
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Fig.1: General structure of secreted and membrane bound mucins.




Function and structure

The functions of mucins are not under-
stood but a number of possible functions
have been suggested: a first line defence
against environmental attack; lubricants;
and, as cell adhesion or repellant mole-
cules.

Mucins are normal constituents in most
epithelial tissues and the same mucin
may be found both in normal and ma-
lignant tissues. However, certain distinct
differences in the expression and general
cellular architecture and tissue organisa-
tion may explain why presumably normal
substances may act as good serological
markers of the presence or absence of
cancer disease. Normal epithelial tis-
sue shows an apical expression of the
mucins and mucins are shedded into
the ductal lumens (Fig.2). In cancerous
tissue, however, there is a loss of apical
expression of mucins, degradation of the
basal membrane and increased vascula-
risation that may lead to shedding of mu-
cins into the blood. There are also other
both qualitative and quantitative differen-
ces in the expression of mucins in nor-
mal and malignant tissues. However, the
mechanism shown above is important
in order to explain why mucins may be
good serological tumour markers.

Considering CA125, which was originally
identified in 1981, we now know that it
is expressed in normal endometrial tis-
sues, epithelial lining of pleura, pericar-
dium, and in the abdominal cavity. This
molecule was originally identified by its
reactivity with the Oc125 monoclonal
antibody, and was characterised as a
high molecular weight mucin-like glyco-
protein complex.

Looking more closely at the CA125 an-
tigen. It has an extracellular superstruc-
ture that is dominated by repeat sequen-
ces (Fig.4)(ref.2). It comprises:

* A transmembrane glycoprotein

» Tandem repeat units  60),
156 amino acids

* Conserved disulphide bridged
Cystein- loop containing the Oc125
and M11 epitopes
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Fig.2: Shredding of mucins in normal and epithelial tissues.
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Fig.3: MUC1 Epitopes

* Heterogeneity in the tandem
repeat sequence

* N-terminal highly glycosylated domain
(O-linked CHO)

 Short cytoplasmic tail
* Phosphorylation site

At the first ISOBM International TD work-
shop for the characterisation of mono-
clonal antibodies, (MAb), 26 coded MAb
against CA125, were characterised by a
number of independent research groups.
The consensus result identified two main
antigenic domains: domain A was defined
by the Oc125 MAb, Domain B defined by
the M11 MADb. A third domain, Domain C,
was identified by the Ov197 MADb (ref.1).

This knowledge led to the conclusion that
the most robust assays are obtained by
combining antibodies from Domain AL/
C] and antibodies from Domain B. Today,
all commercially available CA125 assays

use antibodies directed against protein
determinants located in the same region
of the tandem repeat of CA125.The epi-
topes for the antibodies used in CA125
assays seem to be less influenced by
glycosylation, and this, in combination
with the use of MAb against two protein
determinants, may explain why different
assays for CA125 show very good cor-
relation to each other, irrespective of the
source of antibodies or technology.

MUC-1 (CA15-3)
breast cancer assays

A similar workshop has been carried out
on the breast cancer associated mucin,
MUC-1. MUC-1 is known in the litera-
ture under several different names e.g
Episialin, PEM, PUM, ETA, EMA, HMFGM,
PAS-O, Epitectin and DUPAN-2. It is
an epithelial membrane antigen with a
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Exploding the myths about

CA analyte determination

cytoplasmic domain, a transmembrane
domain, and an extra-cellular carbohy-
drate rich domain. Its structure is charac-
terised by VNTR polymorphism (Variable
Number of Tandem Repeats) in the ex-
tra-cellular domain

¢ 20 - = 100 repeats of a 20 amino
acid sequence
[-APDTRAPAPGSTAPPAHGVTS-]

Several breast cancer assays are used to
determine the presence of this antigen
including:

* CA15-3 (115D8 MAb and DF3 MAb)

* BRMA (Ma695 MAb and Ma552 MAb)
* CA27/29, CA549, MCA, MSA, BCM,
TAG12

At the 4th ISOBM international TD work-
shop Mabs against MUC-1 were charac-
terised. In the workshop a total of 55
MAb were submitted for consideration.
The results showed that 35 MAb reacted
with the tandem repeat region of MUC
i.e “true” MUC-1, 12 MAb reacted with
carbohydrates and 2 MAb recognised
Sialic acid containing CHO associated

with MUC-1 of breast cancer [Ma695 and
115D8], while a further 8 MAb proved not
to be associated with MUC-1(ref.3). The
immunodominating region of the tandem
repeat was found in the region [-PDTRA-
PAP-] of the MUC-1 tandem repeat, and
the majority of the MAb against the MUC-
1 was directed against this part of the
tandem repeat. The region contains a po-
tential glycosylation site —T- and subtle
differences in the binding specificity of
different MAb may be influenced by the
glycosylation of this site (Fig.3).

The two MAb against a sialylated carbo-
hydrate associated with MUC-1 of breast
cancer submitted to the workshop were
similar to each other. The Ma695 MAb
inhibits the binding of MUC-1 antigen to
115D8 MAb suggesting that the Ma695
and 115D8 MAbs have similar specificity.

MUC-1 assays

Larger differences are generally found
between different MUC-1 assays when
compared to the results obtained for
CA125 owing to the fine specificity of the
antibodies used. These differences be-
come more apparent, if only MAb against

Fig.4: Proposed structure of CA125 (ref.2)

the MUC-1 protein core are used as
compared to the CA15-3 assay that uses
a MADb against the MUC-1 protein core in
combination with a MAb against a carbo-
hydrate associated with MUC-1.

CA19-9

An additional antigen to be studied by
the ISOBM TD workshop was the CA19-9
tumour associated carbohydrate antigen
and related eptiopes, e.g. CA50 and
CA195 (ref.4). The CA19-9 is an epitope
originally identified by the MAb designa-
ted 1116-NS19.9. This epitope has been
identified as Sialylted Lewis a, S Le?,
i.e. the Lewis a blood group substance
containing an additional sialic acid. The
CA19-9 antigens are associated with
pancreatic and colo-rectal cancer. Both
CA19-9 and CA50 have been found to
be useful in the management of patients
with suspected or known pancreatic
cancer. However, the assays are not very
specific and false positivity may be found
in patients with benign pancreatohepato-
biliary diseases.

MAb against S Le?

The focus of the Workshop was on the
characterisation of MAb against S Le?. In
this instance 20 MAb were submitted to
the workshop for scrutiny.

CanAg Diagnostics has developed a
number of monoclonal antibodies speci-
fic for S Le2. C192 MADb (given the ISOBM
code #251) was included in the ISOBM
Workshop on MADb related to S Le® The
“original 1116-NS-19.9 MAb was also
included in the workshop (coded #246).
The 1116-NS-19.9 MAb has a peculiar
reactivity with S Le? in that the binding
at acidic pH is stronger than the binding
at neutral pH. The C192 MAb also shows
the same behaviour. The reactivity at dif-
ferent pH can be explained by the fact
that though many MAbs are highly spe-
cific for S Le?, they recognise S Le? from
different orientations. S Le? is expressed
on mucins and a large number of S Le®
epitopes are expressed on the same mu-
cin. It is proposed that the “side” of S Le®
that is recognised by 1116-NS-19.9 (and
C192) is more exposed if the mucins are



in an acidic environment. It is assumed
that the 3-dimensional orientation of the
mucin is altered by the acidic pH. This
is still hypothetical, but the reactivity at
different pH may be used to show dif-
ferences and similarities in the detailed
recognition sites of different Anti S Le?
MAD.

In the workshop, the antibodies were
tested for reactivity with different gly-
coconjugates related to S Le?, purified
antigens and human serum pools as well
as performance in sandwich immunoas-
says.

The researchers found that minor cross
reactivity with related saccharide structu-
res was noted in several antibodies; only
two antibodies reacted only with SlLe?
1116-NS-19.9 (#246) and C192 MAb
(#251)(ref.4).

Company News

Conclusions

Today the antigens determined in the CA
assays [CA125, CA15-3 and CA19-9] are
relatively well-characterised substances
with a good correlation between assays
when using well characterised MAb. A
broad range of well-defined and cha-
racterised MAb exists for each of the

CA-analytes.

Overall, the work of ISOBM and its par-
ticipants have highlighted the fact that
CA analytes are no longer mysterious
molecules. The research community has
not only been able to characterise most
molecules to a high degree but can of-
fer more tailored solutions and more
specific assays for their determination.
This represents an important step for-
ward in cancer diagnosis and tracking
of disease.

References:

CE Mark for CanAg Diagnostics’ Products

The CE-mark indicates that a product
complies with the essential requirements
of the EU Directive 98/79/EC. Products
bearing the CE-mark may be freely mar-
keted in the European Economic Area.
CanAg Diagnostics will begin releasing
products bearing the CE-mark during
May 2003.

Christina Hall, Regulatory Affairs Ma-
nager at CanAg Diagnostics explains,
”"Obtaining the CE-mark involves all
aspects of the company from develop-
ment, to manufacturing, quality control ,
marketing, and QA/RA”. In order to ob-
tain the CE-mark the company has had
to go through a number of procedures.
It has reviewed, supplemented and orga-
nised the technical files for its IVD-kits,
it has expanded its quality system to

conform to the quality system standard
for medical devices specified in ISO
13485, revised all product labelling and
established “Declarations of conformity”
for its IVD-kits .

“For the majority of products, the CE-
mark is obtained through a self-declara-
tion process monitored by the Competent
Authority, CA, in the country of origin of
the manufacturer,” notes Hall. For CanAg
Diagnostics it is the CA of Sweden cal-
led “Lakemedelsverket” (corresponding
to eg. FDA in USA). For products clas-
sified as “Annex ll, List B”, like our PSA
EIA and CanAg Free PSA EIA, conformity
assessment for the CE-mark will be audi-
ted by a designated Notified Body. It is a
costly and difficult process says Hall and
companies failing to meet the December

deadline to gain the CE mark “will be
closed out from the European market”.
Happily, CanAg Diagnostics will not be
among them.




Targeting the phage

Hybridoma technology to immortalise antibody secreting B-cells has heen the technology platform on which
CanAg Diagnostics relied for the development of monoclonal antibodies. Today more powerful and novel tech-
niques based on gene technological methods have been created by the scientific community. Among these
methods, display of libraries of antibody fragments on the surface of bacteriophages is of great interest.
At CanAg Diagnostics this approach is used as a complement to traditional hybridoma technology in order to
increase the capacity to identify antibodies against different target molecules.

Phage display is proving to be a powerful new tool in the search for antibodies that can target antigens
associated with tumours and acute and chronic brain disorders. It is a relatively fast and straightforward
way of creating and isolating suitable high affinity antibodies that have a specific interaction with a known

disease target.

“Phage display technology”, explains
Christian Fermér, senior R&D scientist
at CanAg Diagnostics, “is a considera-
ble step forward in identifying potential
new antibodies. It has major advantages
when compared to traditional hybridoma
technology through the larger diversity of
binding repertoire coupled with the pos-
sibilities of high throughput screening,
possibility to select for “self-antigens”
as well as altering the binding properties
in the test tube.” It is a fast and quick
technique to employ based mainly in the
test tube.

Phage display is a powerful enabling
technology because, in principle, it allows
any kind of protein or protein libraries to
be displayed on the surface of the phage.
This is particularly useful for those being
functionally selected. There is an impres-
sive list of ligands that have been display-
ed on phage including peptides, antibody
fragments, enzymes, protease inhibitors,
cytokines, transcription factors and cDNA
libraries. Researchers have used it as an
approach for the engineering of human
antibodies, as well as protein ligands,
and phage display has a broad range
of applications, which include drug and
target discovery, protein evolution and
rational drug design. Display methods
promise to have benefits in the develop-
ment of therapeutics targeting many dif-
ferent disorders, including cancer, AIDS,
autoimmune and other diseases.

At CanAg Diagnostics, the phage display
technique has been established to gene-
rate scFv phage display libraries from im-
munised spleen cells, hybridoma cells as
well as non-immunised mouse spleens.
The technology has been adopted in

order to establish antibodies against
targets where the traditional hybridoma
technology has not been successful and
to change properties of established hy-
bridomas by changing isotype. Another
important aspect of phage display is to
improve the affinity of antibodies with
DNA-shuffling and phage display selec-
tion. One example relates to anti-proGRP,
presented at the ISOBM in Boston 2002,
notes Dr. Fermér. The company is now
working with scFv antibodies against
some cancer antigens that have been
difficult to raise antibodies against using
traditional techniques. Furthermore, for a
repertoire of the company’s antibodies,
phage display has been used to determi-
ne the exact binding site of the antibody
on the corresponding antigen.

The essential phage

Phage display is the process by which
new genetic material is inserted into a
modified phage genome and expres-
sed and displayed on the surface of the
phage. From a library of phage display-
ing different ligands, clones with unique
properties can be selected based on a
specific function or affinity. This process,
called biopanning, allows you to screen
a huge number of phage variants simul-
taneously. The physical link between the
proteins displayed (phenotype) and the
genetic information inside the phage
(genotype) makes it easy to determine
the DNA sequence of selected ligands.

When constructing an antibody-phage
library you start with cells producing
antibodies. At this point, you can choose
either to use cells from a non-immuni-

zed or immunized source. In principle,
very large non-immune libraries can be
established so offering the possibility of
a selection of antibodies to any desired
antigen. However, such libraries must be
very large and the construction is fraught
with difficulties. By employing cells from
an animal already challenged with a par-
ticular antigen, the immune system is di-
rected to produce high affinity antibodies
with the given specificity. Consequently,
the library does not need to be so large
and the construction is less complicated.
Usually mice are immunized with the
antigen of interest. The spleen which has
B-cells producing antibodies is used as
a source of mRNA, the transcripts of the
genes, and this is converted into com-
plementary DNA, cDNA. This results in a
mixture of DNA transcripts of all genes
expressed in the cells. The conversion of
mRNA into cDNA allows the use of PCR
to amplify selectively the large repertoire
of variable light (VL) and variable heavy
(VH) chains. By a second PCR step, the
heavy and light chain are joined together
in a single chain (VL-VH) that is ligated
into the vector in fusion with the gene for
the phage protein Il that is expressed on
the tip of the phage.

The DNA is forced into E. coli bacteria,
which start to produce phage that dis-
play the antibody fragment on their tips.
The displayed antibody fragment, called
single-chain Fv (Fragment variable), con-
stitutes the actual segment of the anti-
body that takes part in antigen binding.

Each phage receives only one single-
chain (VL-VH) sequence and this is
expressed and displayed on the tip of
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the phage. Collectively, the population
of phage can display a huge number of
different scFvs, each of which are tied to
their own gene. Even though the phage
population in an immunized library is
biased towards binding the antigen, the
maijority do not. In order to “fish out” the
ones that actually bind the antigen the
collection or library is exposed to the
antigen, usually immobilised on a plastic
surface. This process, called Biopanning
is not unlike panning for gold, where the
panning process leaves behind the pre-
cious and most valuable material. On ex-
posure, some of the phage in the library
will bind to the target molecule. After the
phage has been given the opportunity to
bind to the target, Fermér explains that
the “unbound phage is removed by
washing.” In this way, the promising
phage population are captured and this
‘edition’ in the library can be replicated
in bacteria and used for further rounds
of biopanning. The procedure is repea-
ted 4-5 times after which the binding
properties and nucleotide sequence of
individual clones are determined.

Usually scFvs with the desired properties
are selected from immunized libraries.
However, occasionally the affinity of the
antibody fragment has to be improved.
For example, traditional techniques may
end up with hybridomas producing anti-
bodies with the right specificity but with
poor affinity. If the hybridoma is conver-

ted to an scFy, the binding properties may
be improved by introducing random mu-
tations into the scFv sequence. The mu-
tations are randomly introduced through
DNA shuffling methodology. Briefly, the
single-chain DNA (VL-VH) of the clone to
be mutated is amplified by PCR. The DNA
molecules are randomly fragmented with
Dnasel, a DNA digesting enzyme, and the
small pieces of DNA are reassembled by
a modified PCR step. Random mutations
are accumulated during the process.
The pool of single-chain DNA molecules
with random mutations is ligated into
the phage vector, and a new library is
constructed. By biopanning, clones with
improved affinity are selected and these
may be targetted for an additional round
of mutagenesis. Sequence analysis will
reveal which of the amino acid residues
are important for binding. At CanAg Di-
agnostics, the affinity of an anti-proGRP
scFv, was raised by three orders of mag-
nitude by only two rounds of DNA-shuff-
ling. Thus, the procedure proves to be
very powerful in engineering antibodies
to gain desired properties. Through the
introduction of new HTS methods (e.g.
Phage display and aptamer selection)
for the selection of target binders as a
complement to the traditional hybridoma
technology, CanAg Diagnostics is well
prepared for the future with respect to
development of new monoclonal antibo-
dies and ligand binding molecules.

Construction of scFv library
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Not Just a Smile

CanAg Diagnostics is participating in a major new European research project related to the detection of stroke
using novel monoclonal antibodies and aptamers. ‘Rapid Stroke Marker detection via Immunosensors utilising
Labeless Electrochemical and Resonant Mass Detection,’ or SMILE, for short, is a project aimed at developing
generic multi-sensor platforms that can be applied to the detection of any binding event for the detection of a
panel of biochemical markers for stroke.

The project fits well with CanAg Diagnostic’s desire to collaborate with other organisations to develop inno-
vative diagnostic tools for severe diseases. The company’s role is to develop monoclonal antibodies towards
biochemical stroke markers that may be used in future immunosensor markers.

The inaugural meeting of the SMILE project took place at the beginning of the year and is supported by EU
funding. Ten European research groups and companies are participating including the University of New-
castle-upon-Tyne and Cranfield University in the UK, Universitat Rovira i Virgili in Spain and Ireland’s National
Microelectronic Research Centre.

Product News

One-Step is the latest offering for both the PSA and Free PSA EIA assays. This adds up to a reduction in
incubation time to 90 minutes and offers laboratories the opportunity to make overall cost efficiencies. For
the Free PSA assay, the company says that the one step assay can offer increased sensitivity because of the
narrowed range (-10 ug/L) in which most of the patient samples are found.

Conferences

CanAg Diagnostics AB will be attending the following major conferences this year.

AACC 2003 in Philadelphia, USA, July 20-24, 2003, Stand no: 2429.
ISOBM 2003, Edinburgh, Scotland, August 30-September 4, 2003.

Medica in Dusseldorf, Germany, November 19-22 2003,

Distributor news

Adding to the global network.

CanAg Diagnostics has gained a new distributor for its network. The company is based in Italy. Beta Diag-
nostici has been active in Italy since 1990 and concentrates on the in-vitro diagnostics market. Its main head-
quarters are in Messina, northern Italy, with branch offers spread throughout the company. It is an ISO 9002

certified company, which has grown steadily since its foundation.
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The next issue is planned
for publication in autumn
2003. Any reprints or
use of editorial material
should acknowledge the
source. The views expres-
sed by the authors in this
publication do not neces-
sarily reflects those of

CanAg Diagnostics.




