
Summary. Precancerous epithelial lesions are sites of
uncontrolled cellular proliferation generated by
irreversible genetic alterations. Not all of those lesions
progress to invasive cancer, some may even regress, but
the early detection of abnormal cells can be crucial for
patient survival. Immune surveillance mechanisms are
responsible for the removal of transformed cells and
antibodies play an important role in these immune
processes. In the past, analysis of the immunoglobuline
repertoire has focused mainly on xenoimmunizations or
the investigation of cancer patient immunity. The human
hybridoma technology (Trioma technique) offers the
unique possibility to study the humoral immunity of
healthy people. Using this technique a series of tumor-
binding antibodies could be isolated which all have
several features in common: they are germ-line coded
IgM antibodies, they predominantly bind to
carbohydrates on post-transcriptionally modified
antigens, they induce apoptosis and, most importantly,
they detect not only malignant cells but also precursor
stages. These data demonstrate that the body has a
comprehensive defense system against malignant cells
based on the production of natural antibodies. 
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“Side chains” 

More than 100 years ago, Paul Ehrlich discovered
that animals can be immunized against diphtheria. Based
on this, the German bacteriologist produced high
concentrated antisera which were successfully used to
immunize children against diphtheria. Ehrlich assumed
that molecules in sera of infected animals recognized
and eliminated bacterial particles and in 1897 he
postulates the famous “side-chain-theory” (Ehrlich,
1900a,b). Ehrlich believed that the toxic substances

produced by bacteria gained access to the cell and
thereby caused diseases. He assumed that specialized
cells encountered toxin antigens and bound to them via
receptors on the cell surface. He hypothesized that in
turn, the body would produce scores of "side chains",
distinct molecular structures with specialized receptor
areas, with just the right structure to react with the
specific bacterial toxins. This binding of antigen would
trigger a response and production of side chains 
- antibodies - to be released from the cell to attack the
toxin. He understood that toxin and side chain would fit
together like a "lock and key". A different key would not
fit the same lock and vice versa. These responding side
chains - the antibodies - could counteract the specific
toxins and render the person “immune” (Fig. 1). 

It was Ehrlich who envisioned the creation of
"magic bullets", compounds that would have a specific
attraction to disease-causing microorganisms. These
magic bullets would seek out these organisms and
destroy them, avoiding other organisms and having no
harmful effects on the bodies of patients (Ehrlich, 1909). 

As Ehrlich wrote: If we picture an organism as
infected by a certain species of bacterium, it will be easy
to effect a cure, if substances have been discovered,
which have a specific affinity for these bacteria and act
on these alone, while they possess no affinity for the
normal constituents of the body. Such substances would
then be “magic bullets” (Ehrlich, 1909).

Ehrlich’s “magic bullets” are antibodies. The term
antibodies is a translation of the German “Antikörper”,
first used in 1900 by Karl Landsteiner (Landsteiner,
1901). Substances stimulating the appearance of
antibodies were then designated “antigens”. Long before
antibodies were actually isolated and identified in serum,
Paul Erlich had put forward his hypothesis of the
formation of specific antibodies. And by 1900 the
medical world was aware that the body had a
comprehensive defense system against infection based
on the production of antibodies. However, they did not
know what these antibodies looked like and they knew
little about their molecular interaction with antigens, but
another major step on the road had been made. This was
later analyzed, starting with Lloyd D. Felton and G.H.
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Bailey in 1926. They succeeded in proofing the thesis
that antibodies are proteins by chemical analysis of
antigen-antibody complexes (Felton and Bailey, 1926).
The structure of antibody molecules was elucidated
finally by Rodney R. Porter and Gerald Edelman in the
years 1959-1961. (Porter, 1959; Edelman and Poulik,
1961). Concurrently with the studies on antibodies,
progress had also been made in elucidating the nature of
antigens. At first, immunologists thought that antigens,
like antibodies, could only be proteins. But in 1923
Michael Heidelberger and Oswald T. Avery discovered
that antigens apparently could be either proteins or
carbohydrates (Heidelberger and Avery, 1923). The
studies then focused on the question of how antibodies
interact with antigens. John R. Marrack found the right
explanation of antigen-antibody reactions in 1934.
According to Marracks “lattice theory”, both the antigen
and antibody have more than one binding site, so that
one antibody molecule can connect itself to more than
one antigen molecule and vice versa (Marrack, 1934,
1938).

In parallel, theories on the mode of action of
immune mechanisms were discussed. At first,
microbiologists believed that antibodies could be
generated only against microorganisms. It was again
Paul Ehrlich who predicted that the immune system
repressed the growth of carcinomas, by providing
antibodies against malignant cells (Ehrlich, 1909).
Decades later it was Burnet who defined the
immunosurveillance concept as follows: “It is an
evolutionary necessety that there should be some
mechanisms for eleminating or inactivating such
potentially dangerous mutant cells” (Burnet, 1964, 1970;
Thomas, 1959, 1982). 

Today we know that the antibody response, also
known as the "humoral" arm of the immune system
(development of the ancient Greek system of medicine
which believed in imbalances in the body humors) is a
major force in primary and secondary defense
mechanisms against all kinds of “non-self”, bacteria,
viruses, fungi, modified self and cancer (Janeway, 1989;
Fearon and Locksley, 1996; Medzhitov and Janeway,
1997; Ochsenbein et al., 1999; Boes, 2000; Brändlein et
al., 2003b).

Immune surveillance

In the human body an estimated number of 1016 cell
divisions take place during a lifetime. Even in an
environment which is free of mutagens mutations will
occur spontaneously at an estimated rate of about 10-6
mutations per gene per cell division. Thus, during a
lifetime every single gene is likely to have undergone
mutations at about 1010 separate occasions in any
individual being. 

Although a single gene mutation is not enough to
convert a healthy cell into a cancer cell and many lines
of evidence indicate that as a rule the genesis of cancer
requires several independent rare accidents to occur
together in a cell, the problem with cancer seems not to
be why it occurs, but why it occurs not more frequently. 

If a very effective recognition and removal system
did not exist, detecting aberrant cells at a very early
stage, every organism would be overgrown by
transformed cells shortly.

To be able to let manifest tumors be an exception,
nature has cretaed an effective immune surveillance
program consisting of an inherited, immediate response
and a secondary immunity covering memory.

Inherited or innate immunity is an ancient
evolutionary part of the host defense mechanisms. The
molecular modules found in plants and animals are the
same, meaning that innate immunity was there before
the split into these two kingdoms. Innate immunity was
conserved in all animals throughout evolution
(Marchalonis et al., 2002; Nurnberger et al., 2004). 

In invertebrates immunity is restricted to the innate
system, vertebrates are equipped in addition with an
adaptive, trainable immune system, which is a relative
newcomer to the evolutionary landscape. Because the
mechanism of generating receptors in the adaptive
immune system involves great variability and
rearrangement of receptor gene segments, the adaptive
immune system can provide specific recognition of
foreign antigens and immunological memory of
infections. 

The innate immunity consists of natural killer (NK)
cells, dendritic and mast cells, macrophages and natural
IgM antibody producing B cells (Bohn, 1999;
MacPherson et al., 1999; Boes, 2000; Ochsenbein and
Zinkernagel, 2000; Martin and Kearney, 2001; Parkin
and Cohen, 2001; Dunn et al., 2002; Moretta et al.,
2002; Zitvogel, 2002). 

The innate immune system relies on a vast array of
non-clonally expressed pattern recognition receptors for
the detection of pathogens, a recently discovered family
of pattern recognition receptors which show homology
with the Drosophila Toll protein and the human
interleukin-1 receptor family (Medzhitov and Janeway,
1997).

These Toll-like receptors (TLRs) don’t recognize
specific single structures, but specific patterns which are
conservative and expressed independently of mutational
events (Janeway, 1989). They predominantly bind
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Fig. 1. llustration of the side chain theory (according to Paul Ehrlich,
1898).



conserved molecular structures shared by groups of
pathogens, termed pathogen-associated molecular
patterns, like carbohydrates, instead of specific peptides
(Medzhitov and Janeway, 2000; Janeway and
Medzhitov, 2002).

This recognition system guarantees that the immune
response need not follow all mutational changes, but can
focus on the detection of structures which are most
likely involved in primary cell stability and cell
preservation mechanisms.

In general the innate response is invariable and
works by using a transmitted germ-line coded pool of
specific receptors (Janeway et al., 1989; Medzhitov,
2001). However, a certain acquired genetic variability of
the innate immunoglobulin receptors is achieved by
combinatorial association of germ-line immunoglobulin
genes. Further deletions, additions and mistakes in
recombination events guarantee a genetic and receptor
variability which is sufficient to cover a broad spectrum
of antigens on pathogenic organisms and gives a
sufficient protection without additional mutational
adaptation (Schatz et al., 1992; Lewis, 1994;
Constantinescu and Schlissel, 1997; Gellert, 1997;
Papavasiliou et al., 1997; Cedar and Bergman, 1999;
Rothenberg, 2000). 
The “early birds”

In humans about 30% of the circulating antibodies
are pentameric IgM molecules. For a long time the
physiological role of the armada of IgM antibodies was
not clear. Several hypotheses were formed to explain the
existence of this big pool of not or only slightly mutated
low affine, cross-reacting and pentameric molecules. A
high percentage are natural IgM antibodies, which are
produced by CD5+ B-cells (B1-cells) and which belong
to the innate immunity (Casali and Notkins, 1989;
Vollmers et al, 1989, Bohn, 1999; Boes 2000; Brändlein
et al., 2003b). These B1-cells represent a unique set of
lymphocytes which differ phylogenetically,
phenotypically and functionally from the conventional
B2-lymphocytes. Natural IgM antibodies have been
shown to be involved in early recognition of external
invaders like bacteria and viruses (Janeway, 1989; Ben-
Aissa-Fennira et al., 1998; Boes et al., 1998; Ochsenbein
et al., 1999; Ulvestad et al., 2001), but these natural IgM
antibodies also seem to be involved in recognition and
elimination of precancerous and cancerous lesions
(Vollmers et al., 1995; Hensel et al., 1999a; Hensel et al.,
2001a,b; Brändlein et al., 2002, 2003a,b; Vollmers and
Brändlein, 2002; Brändlein and Vollmers, 2004). 

However, the best proof of inherited immune
mechanisms and natural IgM antibodies being involved
in tumor-defense mechanisms is their existence in
healthy people. Several approaches have been used to
investigate the antibody repertoire of healthy
individuals, e.g. the phage-display technique, the
SEREX method and the Trioma-technology.

The phage display technique, using single chain

antibody libraries can be screened with purified antigens,
cellular extracts or whole cells followed by genetic
engeneering processes to generate complete antibodies
in suitable expression systems (Griffith and Duncan,
1998). However, as yet all attempts to identify tumor-
specific antibodies have failed. These disappointing
results don’t implicate that a genetic information of
tumor-specific antibodies is not present in the library.
The negative results are due to the screening system,
because only single-chains with a relatively high affinity
are selected and these might not be the antibodies
involved in tumor-immunity.

The SEREX method gives an overview of the
immunoglobulin repertoire of individuals, but it has
several disadvantages too. First, the product is not an
antibody, but only a specific antigen which might be
used for vaccination. Second, only high affinity
maturated IgGs are used in the detection system and
third, the antigen phage display libraries used only
present proteins without carbohydrates. Most of the
structures identified with this method are oncofetal or
melanoma associated molecules (Preuss et al., 2002). 

It has been shown however, that the major changes
on malignant cells, the actual differences to the normal
counterparts, are post-transcriptional modifications of
carbohydrate patterns (Lloyd and Old, 1989; Egea et al.,
1993; Hanisch et al., 1996; Turner, 1992, Hensel et al.,
1999a, 2001a, Brändlein et al., 2003b). And, even more
important, the antibodies detecting these modicifations
are low-affine IgM antibodies, products of the innate
immunity (Vollmers et al., 1989; Brändlein et al.,
2003b). Therefore the identification of tumor-specific
antibodies or tumor-relevant structures with the phage-
display or SEREX method is unlikely. 

The most suitable method to investigate the immune
repertoire is the Trioma-technology (Faller et al., 1990;
Vollmers et al., 1989; Brändlein et al., 2003b). By
immortalization of human lymphocytes and selection of
specific initial screening methods it is not only possible
to isolate tumor-specific antibodies (Fig. 2), but also to
identify the related targets (Hensel et al., 1999a, 2001a).
This method has been used successfully to analyse the
immune repertoire of cancer patients and healthy people
and to generate human monoclonal antibodies for
targeted therapy (Vollmers et al., 1998; Brändlein et al.,
2003b).
The command

Innate immunity uses an inherited set of receptors
expressed on NK cells, γδ-T-cells and CD5+ B-cells
which cover a broad spectrum of different antigens
(Schatz et al., 1992; Lewis, 1994; Constantinescu and
Schlissel, 1997; Gellert, 1997; Papavasiliou et al., 1997;
Cedar and Bergman, 1999; Rothenberg, 2000). This
repertoire is genetically limited and none, or only few
mutations expand this set. Human immunoglobulins are
determined by a set of genes, a complete heavy chain
consisting of V-D-J-H and a light chain with V-J-H
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Fig. 2. Immunohistochemical staining of antibodies isolated from healthy individuals on tumor tissues. Paraffin sections were stained with hematoxylin-
eosin, isotype matched control antibody as a negative control and several NORM antibodies isolated from healthy donors. A. Adenocarcinoma of the
pancreas. B. Adenocarcinoma of the stomach. C. Adenocarcinoma of the colon. D. Squamous cell carcinoma of the esophagus. E. Adenocarcinoma of
the ovary. Bars: 100 µm.



sequences. The specificity of each antibody is
determined by the CDR region in the variable chain.
Typical features of antibodies isolated from cancer
patients and involved in innate immune mechanisms are
that they are germ-line coded, with only few or no
mutations in the coding regions, and that they are coded
by specific germ-line families and are equipped mainly
with lambda chains, in contrast to the majority of
circulating antibodies (Brändlein et al., 2003b). Over
80% of these monoclonal antibodies were expressed by
VH genes of the VH3 gene family. Within this familiy
especially the germ-line genes DP47 and DP49 were
over-represented. Representing more than 70% of all
sequenced VH genes, the expression of these germ-line
genes was found to be significantly higher than
described earlier (Brezinschek et al., 1995). This
preferential utilization of the VH3 gene family by tumor-
specific antibodies is close to what is known about the
specific immune reaction against pathogens. In the
humoral defence mechanisms against bacteria and
viruses some genes are also found to be involved more
frequently than would be expected by random selection
(Silverman and Lucas, 1991; Adderson et al., 1991,
Huang et al., 1992).

Genetic restriction is not unique to heavy chain
genes, it is also found within VL genes. The degree of
identity of the VL regions of these monoclonal
antibodies to their most homologous VL germ-line genes
ranges between 97.2 and 100% which is similar to the
identity of the VH genes to the homologous germ-line
genes. More than 90% of the monoclonal antibodies
isolated from cancer patients utilized γ-light chain genes
(Hensel et al., 1999b; Brändlein et al., 2003b). These
results are significantly different from those of the usage
of γ-light chains in the unstimulated B cell repertoire,
where only 40% of the light chains belong to the γ-
isotype.

The sequence analysis of tumor-specific antibodies
isolated from healthy donors showed that these
antibodies are also members of the family of naturally
occurring, non-affinity maturated antibodies. Over 80%
of the tumor specific antibodies were expressed by genes
of the VH3 gene family and nearly all utilized light
chains belonging to the γ-isotype (Brändlein et al.,
2003b).

These results, the high homology of the VH- and
VL-regions to the germ-line genes and the low R/S ratio,
which is an indicator for affinity maturation of
antibodies, indicate that the antibodies isolated either
from cancer patients or from healthy individuals are not
affinity-maturated by somatic mutation due to antigen
contact. 
The identification

A crucial question is how cells of the immune
surveillance network distinguish transformed tumor cells
from normal cells. To avoid self-damage, the immune
receptors involved in innate and adapted immunity
should be specific for non-self, “while they possess no

affinity for the normal constituents of the body”, as Paul
Ehrlich stated hundred years ago. 

There is now some evidence that first line immunity
against tumors shares similarities with the events that
underlie activation of innate immune responses to
microbial pathogens (Janeway, 1989). The PRR’s
(pattern recognition receptors) or Toll-like receptors
(TLR’s) involved in pathogen recognition,
predominantly bind molecular structures, which are not
only shared by large groups of pathogens, but which are
also relatively conservatively expressed, e.g. like
carbohydrates (Medzhitov and Janeway, 2000; Janeway
and Medzhitov, 2002). This ingenious mode of
recognition “saves” genes for receptors and limits the
number of mutational escapees.

Most TLR ligands identified so far are conserved
microbial products which signal the presence of an
infection, but evidence for the existence of some
endogenous ligands which might signal other dangerous
conditions, like malignancies, has also been obtained
(Beg, 2002). 

In malignant processes very often specific abnormal
glycolipids and glycoproteins are synthesized by
transformed epithelial cells and expressed on the cell
surface (Egea, 1993; Karsten et al., 1998). These
carbohydrate modifications can act as ligands for innate
immune receptors and, interestingly, several tumor-
specific human monoclonal IgM antibodies, which were
isolated from cancer patients, recognize post-
transcriptionally modified antigens (Brändlein et al.,
2003a). The epitopes are tumor-specific N-linked
carbohydrate structures on “normal” cell surface
molecules, like DAF/CD55 or CFR-1 (Hensel et al.,
1999a, 2001a; Brändlein et al., 2003b).

Being “early birds” natural IgM antibodies should be
able to detect malignant cells, when they are “fresh”.
The monoclonal IgM antibody PAM-1 was isolated from
a patient with a stomach carcinoma by using the human
hybridoma technology. PAM-1 binds to a new variant of
the post-transcriptionally modified receptor CFR-1 and
induces apoptosis (Hensel et al., 2001a; Brändlein et al.,
2003a). The receptor is overexpressed on most epithelial
cancers of every type and origin, but not on healthy
tissue. CFR-1/PAM-1 is also present on a huge variety of
precursor lesions including Helicobacter pylori-induced
gastritis, intestinal metaplasia and dysplasia of the
stomach, ulcerative colitis-related dysplasia and
adenomas of the colon, Barrett metaplasia and dysplasia
of the esophagus, squamous cell metaplasia, dysplasia of
the lung and cervical intraepithelial neoplasia, prostate
intraepithelial neoplasia and breast cancer precursors
(Fig. 3) (Brändlein et al., 2003a). For other tumor-
reacting IgM antibodies which were isolated from
healthy subjects a similar reactivity on precancerous
lesions was demonstrated (Fig. 4).
The elimination

Nature has created an ingenious system consisting of
specific receptors and ligands and a cellular recycling
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Fig. 3.Immunohistochemical staining of antibodies isolated from cancer patients on precancerous lesions. Paraffin sections were stained with
hematoxylin-eosin, isotype matched control antibody as a negative control and antibody PAM-1 which was isolated from a pateint with stomach
carcinoma: A, lobular carcinoma in situ (LCIS); B, ductal carcinoma in situ (DCIS); C, prostate adenocarcinoma and prostate intraepithelial neoplasia
(PIN); D, benign prostate hyperplasia and PIN. Bars: 100 µm.
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Fig. 4. Immunohistochemical staining of antibodies isolated from healthy individuals on precancerous lesions. Paraffin sections were stained with
hematoxylin-eosin, isotype matched control antibody as a negative control and several NORM antibodies isolated from healthy donors: A, lobular
carcinoma in situ (LCIS); B, ductal carcinoma in situ (DCIS); C and D, prostate intraepithelial neoplasia (PIN). Bars: 100 µm.



934
Natural IgM antibodies and malignancy

Fig. 5. Electron microscopy of antibody induced tumor cell apoptosis. A. Scanning electron microscopy of antibody induced apoptosis. Stomach
carcinoma cell line 23132/87 was incubated with a natural IgM antibody isolated from a stomach cancer patient at a concentration of 10 µg/ml for 24 h.
As a control, cells were treated with unrelated human control IgM. Samples were proceeded for scanning electron microscopy and analysed by ZEISS
DSM 962. On the shrunken tumour cells, packages of membrane vesicles, apoptotic bodies, are clustered and stress fibers are visible. Bars:  50 µm. B.
Transmission electron microscopy of antibody induced apoptosis. Stomach carcinoma cell line 23132/87 was incubated with a natural IgM antibody
isolated from a stomach cancer patient at a concentration of 10 µg/ml or unrelated human control IgM. Samples were proceeded for transmission
electron microscopy and analyzed by ZEISS 902. Bars: 50 µm.



method, apoptosis, which not only guarantees an
individual recognition but also a clean removal of
unwanted particles without causing inflammatory
processes. Antibodies, especially those natural IgMs
belonging to immune surveillance mechanisms, play a
crucial role in clearing all kinds of unwanted cells and
particles. To prevent a “dirty” elimination the favourite
mechanism of removal is induction of apoptosis. Natural
IgM antibodies are able to induce tumor-specific
apoptosis in a death domain independent way by binding
to specific cell surface receptors and inducing cellular
stress (Brändlein and Vollmers, 2004). This is done by
crosslinking of modified anti-complement receptors,
blocking of growth-factor receptors or by increasing the
intracellular level of neutral lipids (Vollmers et al., 1989;
Hensel et al., 1999a, 2001b; Brändlein et al., 2004; Pohle
et al., 2004). Apparently nature has developed a huge
repertoire of defense mechanisms to eliminate unwanted
cells by IgM antibodies and different apoptotic
mechanisms (Fig. 5). 

This inherited early recognition and removal system
guarantees a permanent and rapid control. Therefore
manifest tumors and infections are the exception and
most malignant cells and invaders are removed at an
early stage. In cases of manifest tumors malignant cells
somehow manage to sneak through the innate immune
recognition. This may be due to a lack in the PRR
repertoire on innate cells for the corresponding antigen
or, if the receptor is present, other escape mechanisms
used by the tumor cells. Each tumor originates from a
single transformed cell with a specific phenotype, but
during tumor progression additional changes occur, so
that the tumor cell population will be a heterogeneous
mixture of different subclones with different properties.
This heterogeneous and complex formation of tumor
cells is able to develop several tumor escape
mechanisms like immunoselection, antigenic
modulation, enhancement, production of blocking
factors and immunosupression to name but a few (Dunn
et al., 2002; Gabrilovich and Pisarev 2003; Garcia-Lora
et al., 2003; Dunn et al., 2004).
Epilogue

In 1898 Paul Ehrlich postulated a model of the
defense against invasive particles and transformed cells,
the “side chain theory” (Ehrlich, 1900a,b). The essential
features of this theory were that the cells of the immune
system possess the genetic capability to react with all
known antigens and that each cell bears surface
receptors with surface “side chains”. In combination
with an antigen the side chains would be cast off into the
circulation and new receptors would replace them.
Today we know that these “side chains“ or “cast off”
receptors represent antibody molecules. This was the
first time a genetic inheritance of antibodies was
postulated for immuno-responsiveness and immune
surveillance, but unfortunately it took a whole ten
decades before we started to understand the meaning and

importance of innate immunity and its molecules. 
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