
Summary. During its lifetime each multi-cellular
organism is permanently exposed to infectious agents
and transformed cells. Without an early recognition and
a rapid elimination system, there would be no
development and no life. The innate or natural immunity,
seems to be more important for the detection of
“foreign” cells and particles than has been thought. Even
if not every transformed cell has the ability and potency
for malignant behaviour, the important question is not,
why malignant cells arise, but instead, why malignancy
occurs so infrequently. We have shown in a recent paper,
by using the human hybridoma technology, that tumour
immunity is not induced by malignant cells, but instead
the result of innate immunity and that natural IgM
antibodies play an important role in immunosurveillance
mechanisms against transformed cells in humans
(Brändlein et al., 2003b). In this review typical features
of natural IgM antibodies are discussed and tumour-
specific reactivities and different apoptotic functions on
epithelial cancer cells are illustrated.
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The armament

About one decade ago nearly all scientific efforts to
study cancer immunity in humans had been given up and
only a few groups continued to investigate the humoral
immune response of cancer patients (Vollmers et al.,
1989; Koda et al., 1990; Pfaff et al., 1990; Glassy, 1993;
Vollmers et al., 1994; Koda, et al., 1998; Hensel et al.,
1999). Therefore, for quite some time, the mechanisms
of tumour defence and the role of natural IgM antibodies
remained speculative (Fearon and Locksley, 1996; Boes
et al., 1998; Ochsenbein, 1999 Casali and Notkins, 1989;

Vollmers et al, 1989, Bohn, 1999; Boes, 2000). By now
sufficient evidence has been collected to show that
innate immunity and natural IgM not only have a very
important part in the primary recognition and
elimination of infectious particles (Janeway, 1989;
Medzhitov, 2001), removal of neoantigens and
intracellular components, but also in immunsurveillance
mechanisms against malignant cells (Vollmers and
Brändlein 2002, Brändlein et al., 2003b).

The discrimination between self and non-self by the
natural IgM antibodies requires specific features. The
germ-line coded IgM molecules, which are produced by
CD5+ lymphocytes (Casali and Notkins, 1989; Vollmers
et al, 1989, Bohn, 1999; Boes, 2000; Brändlein et al.,
2003b) are in general of pentameric structure and this
structure seems to be important for their functional
activity (Hensel et al., 1999). They are not maturated and
therefore of low affinity, which is crucial for their
specific mode of recognition. They do not bind to
distinct protein sequences, but recognize specific pattern
of conservative molecules (Janeway 1989). These
molecules can be repetetive structures, polysaccharide
molecules on bacteria or carbohydrate residues on
tumour-specific cell surface receptors, which are post-
transcriptionally modified (Hensel et al., 1999; Hensel et
al., 2001b, Brändlein et al., 2003a). By making use of
this recognition system the immune response need not
follow all mutational changes, but can focus on the
detection of structures, which are expressed relatively
independent from mutational events. 

The IgM receptors must distinguish immediately
between self and non-self as there is no time for
maturation, education and training (Greenberg and
Grinstein, 2000; Mekori and Metcalfe, 2000; Moretta et
al., 2002). The innate response therefore uses a
transmitted invariable germ-line coded pool of specific
receptors, which belong to distinct protein-families
(Janeway, 1989; Medzhitov, 2001). The acquired genetic
variability of the innate immunoglobulin receptors is
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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
offers an adequate 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 first watch 

Malignant transformation is a continuous “chronic”
process and molecules of the innate immunity are
permanently busy with the recognition and elimination
of transformed cells in the body. A manifest cancer is an
exceptional event, most likely the result of tumour-
escape mechanisms from immunosurveillance. Most of
the altered cells are removed at an early stage.
Therefore, tumour-specific natural IgM antibodies
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Fig. 1. Immunohistochemical staining of several antibodies isolated from cancer patients on different carcinomas. Tumour tissue sections were stained
with H&E, positive control (anti-cytokeratin 5/6 for squamous cell carcinoma of esophagus and lung, anti-cytokeratin 8 for invasive lobular
adenocarcinoma of the breast and gastric adenocarcinoma; anti-cytokeratin 7 for adenocarcinoma of the pancreas), unrelated human IgM antibody as
a negative control and the different IgM antibodies: A, antibody PAM-1 on invasive lobular carcinoma of the breast; B, antibody LM-1 on esophageal
squamous cell carcinoma; C, antibody PAM-1 on lung squamous cell carcinoma; D, antibody PM-1 on adenocarcinoma of the pancreas; E, antibody
SC-1 on gastric adenocarcinoma. Bars: 100 µm.



should be present not only in cancer patients but also in
healthy people. To investigate this theory, thousands of
human monoclonal antibodies were isolated by using the
human hybridoma technology, from cancer patients as
well as from healthy donors. About 18,000 monoclonal
antibodies were screened for tumour-specific reactivity
to select only the ones, which are exclusively bound to
tumour cells. Interestingly, all the tumour-specific
human monoclonal antibodies, isolated from cancer
patients and from healthy donors, were of the IgM
isotype. No tumour-specific IgGs or IgAs and no
affinity-maturated tumour-specific antibodies were
isolated. The reaction patterns of the human monoclonal
antibodies were investigated in detail by
immunohistochemistry on a broad panel of cryo- and
paraffin-embedded primary carcinomas and normal
tissues to confirm the specific reactivity with malignant
cells (Vollmers et al., 1997, Hensel et al., 2001a;
Brändlein et al., 2002, 2003a,b, 2004). 

Figures 1 and 2 show some examples of tumour-
specific staining patterns of several IgM antibodies
isolated from tumour patients (Fig. 1) and healthy
donors (Fig. 2). All tested antibodies showed a specific
intensive and homogeneous staining of tumour cells,
whereas the surrounding tissue was not stained. No
differences concerning the specificity were observable

between antibodies isolated from tumour patients and
antibodies isolated from healthy persons. To verify
tumour-specificity the antibodies were also tested on
normal tissues by immunohistochemistry. As shown in
figure 3, none of the IgM antibodies exhibited any
binding activity on normal tissues, thus demonstrating a
binding specificity for molecules exclusively expressed
on malignant cells. 

The tested IgM antibodies showed a heterogeneous
reactivity pattern with the tested tumour tissues. Some of
the antibodies reacted with almost all of the carcinomas
tested, whereas the reactivity of some other antibodies
was restricted to specific carcinoma types (Brändlein et
al., 2003b). Other antibodies in addition reacted with
different pre-cancerous epithelial lesions. The receptor
of the human monoclonal antibody PAM-1, for example,
is also present on precursor lesions like H. 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 and
dysplasia of the lung and cervical intraepithelial
neoplasia I-III (Hensel et al., 2001a; Brändlein et al.,
2003a), as illustrated in Figure 4. Taken together, the
reactivity of the natural IgM antibodies isolated from
cancer patients as well as from healthy donors is
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Fig. 2. Immunohistochemical staining of several antibodies isolated from healthy donors on different carcinomas. Tumour tissue sections were stained
with H&E, positive control (anti-cytokeratin 8 for gastric and lung adenocarcinoma; AE1/AE3 for adenocarcinoma of the colon), unrelated human IgM
antibody as a negative control and the different IgM antibodies: A, antibody NORM-2 on gastric adenocarcinoma; B, antibody NORM-2 on
adenocarcinoma of the lung; C, antibody NORM-1 on adenocarcinoma of the colon. Bars: A, B, 100 µm; C, 75 µm.



restricted specifically to pre-cancerous and cancerous
tissue.

Another impressing finding has been enlightened by
detailed immunohistochemical analysis. After
comparison of the reactivity patterns of human
monoclonal IgM antibodies on tumour cells with their
mutation rate, there is a striking reciprocal correlation

observable between the number of mutations and the
number of positively stained tumour tissues. Germ-line
coded antibodies with no mutations always react with a
broad spectrum of different tumour types, whereas the
spectrum of reactivity decreases with mutational events.
Antibody PAM-1 (100% homology to germ-line gene)
for example bound to nearly all tumours tested, whereas
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Fig. 3. Immunohistochemical staining of
several antibodies isolated from tumour
patients and healthy donors on different
normal tissues. Normal tissue sections were
stained with H&E, unrelated human IgM
antibody as a negative control and the IgM
antibodies. A-D: Immunohistochemical
staining of several antibodies isolated from
tumour patients. A, antibody LM-1 on normal
lung; B, antibody PM-1 on normal breast; C,
antibody PAM-1on normal uterus; D,
antibody PAM-1 on normal gastric tissue. E
and F: Immunohistochemical staining of
several antibodies isolated from healthy
donors. E, antibody NORM-2 on normal
colon tissue, F, antibody NORM-1 on normal
esophagus. Bars: 200 µm



antibody SC-1 (97% homology to germ-line gene) binds
to stomach cancer cells only (Brändlein et al., 2003b).
This indicates that few mutational events might
determine the reactivity pattern of the IgM antibodies.
Manifest tumours remain an exception during lifetime.
Obviously natural immunity has the ability to produce
enough different, specific antibodies in every person to
recognize the broad spectrum of malignant transformed
cells arising every day due to spontaneously occurring
and induced mutational events.
The termination

Malignancy is not only a permanent but also a
spontaneous process. In order to prevent that an
organism is overgrown by transformed cells, nature had
to develop not only an effective recognition system, but
also a very effective elimination mechanism. Natural
IgM antibodies are the first watch in immunity, and it is
necessary that they not only circulate in blood and
lymphatic fluids, but can also reach each part of the
body. Therefore, the dogma: “pentameric IgM antibodies
do not cross the endothelial barrier, because they are too
big and inflexible”, can no longer be maintained,
because transformation can take place anywhere and is
not restricted to fluids or cells connected. 

A typical feature of the natural IgM antibodies is the

ability to induce apoptosis in malignant cells (Vollmers
et al., 1989, 1995; Ollert et al., 1996; David et al., 1999;
Hensel et al., 1999a, 2001b; Brändlein et al., 2002,
2003b,         2004). They use apoptosis to eliminate
transformed cells and not complement, because
apoptosis is the fastest and cleanest way to remove
unwanted cells. This specific form of cell killing and
“molecular recycling” was created by nature, not only to
remove cells during differentiation processes and
development (Sanders and Wride, 1995; Lin and Zakeri,
2000), but also to guarantee that malignant cells are
removed without any delay and damage by
inflammatory processes. 

One of this apoptosis inducing natural IgM
antibodies is the human monoclonal antibody SC-1,
which binds to a specific modified isoform of DAF-B
(decay acceleration factor), exclusively expressed on the
membrane of stomach carcinoma cells (Vollmers et al.,
1989; Hensel et al., 1999a, 2001b). The antibody SC-1
induces apoptosis of stomach cancer cells both in vitro
(Vollmers et al., 1995, 1997 a,b, 1998a,b; Hensel et al.,
1999a, 2001b; Hermann et al., 2001) and in
experimental in vivo systems (Vollmers et al., 1989,
1995, 1997) by cross-linking a tumour-specific version
of the DAF receptor (Fig. 4A). Used in clinical studies,
SC-1 induces regression and apoptosis of primary
stomach cancers without any toxic cross-reactivity with
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Fig. 4. Immunohistochemical staining of antibody PAM-1 on different pre-cancerous epithelial lesions. Sections of normal tissue, pre-cancerous tissues
and tumour tissues of the cervix and the lung were stained with H&E and antibody PAM-1. A, normal cervical epithelium; B, cervical intraepithelial
neoplasia II (CIN II); C, cervical intraepithelial neoplasia III (CIN III); D, normal lung epithelium; E, squamous cell dysplasia of the lung; F, squamous cell
carcinoma of the lung. Bars: A-E, 200 µm; F, G, 100 µm.



normal tissue (Vollmers et al., 1998b). In this study,
patients diagnosed with primary stomach cancer
received a single dose of SC-1 antibody intravenously.
Two days after the injection the apoptotic effect of the
antibody was visible in primary tumours and metastases
(Vollmers et al., 1998a,b). Figure 4B shows SC-1
antibody induced apoptosis of stomach cancer cells in a
lymph node metastasis (Fig. 4B).

Another example is the human germ-line coded
monoclonal IgM antibody PAM-1 (Vollmers et al.,
1994). PAM-1 binds to a membrane receptor, which was
found to be a 130 kDa integral membrane glycoprotein
(Hensel et al., 2001a), homologous to CFR-1 (cysteine-
rich fibroblast growth factor receptor) (Burrus et al.,
1992). This post-transcriptionally modified CFR-
1/PAM-1 receptor is expressed on almost all epithelial
cancers of every type and origin and at precursor stages,

but not on healthy tissue (Hensel et al., 2001a; Brändlein
et al., 2003a). Fig. 6A,B show that the antibody PAM-1
induces apoptosis in vitro and in vivo by binding to the
CFR-1/PAM-1 receptor, most likely by blocking the
receptor (Hensel et al., 2001a; Brändlein et al., 2004).
Both, the unique tumour-specific expression of the CFR-
1/PAM-1 receptor and the growth-inhibitory effect of the
PAM-1 antibody makes this combination an optimal
diagnostic and therapeutic tool for all kinds of epithelial
cancers and precursor lesions.

A completely different and so far unknown way of
antibody-mediated induction of tumour cell apoptosis is
shown in Fig. 7A. Here, a tumour-specific IgM antibody
induces accumulation of neutral lipids in tumour cells
(Pohle et al., 2004). This accumulation of lipids is
responsible for the tumour cell apoptosis, which is
shown by the formation of apoptotic bodies via a
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Fig. 5. SC-1 induced apoptosis. A: Cleavage of cytokeratin 18 in SC-1-induced apoptosis. Immunohistochemical staining of cytospins (gastric cancer
cell line 23132/87) with M30 CytoDeath antibody (Roche Biochemicals, Mannheim, Germany) reveals that about 24 hours after induction of apoptosis,
cleavage of cytokeratin 18 starts and after about 48 hours apoptotic bodies are released from the cells. The first picture shows a non-apoptotic cell.
Bars indicate 10µm B: Apoptotic stomach carcinoma cells in a lymph node metastasis of a patient after treatment with the antibody SC-1. The patient
received a single dose of antibody SC-1 and the tumour specimen was investigated for SC-1 induced apoptosis using the Klenow FragEL DNA
fragmentation Kit (Oncogene, Boston, USA). In the positive control all cell nuclei are stained. In the second picture only the nuclei of apoptotic cells are
stained and normal non-malignant cells are not affected. Bars: 100 µm.



scanning electron microscopy analysis (Fig. 7B). 
These three examples of tumour-specific, apoptosis-

inducing natural IgM antibodies indicate that nature uses
different mechanisms for inducing apoptosis of tumour
cells, depending on the IgM antibody and the type of
receptor. In future it would be interesting to investigate,
whether the same antibody uses different apoptotic ways
to kill different tumour cells and whether different
antibodies use different mechanisms to kill the same 
cell.
The message 

Immunosurveillance mechanisms guarantee that an
organism is not overgrown by malignant cells. To
elucidate immune mechanisms, i.e. involved molecules,

like antibodies and receptors, one should study them
where they take place. Xenoimmunisations will always
lead to an immune response against the major
components on cells, like differentiation antigens, and
not to minor changes, e.g. modified carbohydrates,
which are most likely the real tumour-specific epitopes.
Only syngeneic immunisations in mice (Vollmers and
Birchmeier, 1983; Vollmers et al., 1985) or the
investigation of immunity directly in humans on cellular
or humoral level will give the answers we need to
understand tumour-immunity. We directly analysed the
immunity of cancer patients and of healthy people and
found that the innate immunity is responsible for
recognition and elimination of transformed cells. And
natural IgM antibodies are natures best weapons to fight
cancer. 
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Fig. 6. PAM-1 induced apoptosis A. PAM-1 induced apoptosis in vitro: Pancreas carcinoma cell line BXPC-3 was incubated with antibody PAM-1 and
isotype control for 48 h. PAM-1 antibody induced changes of tumour cell morphology are visible after 48h. The cells treated with PAM-1 are more
spindle-shaped and flat, more polarized with more pronounced cytoplasmic elongations. Furthermore a loss of cell-cell contacts and adhesion was
observed. In contrast, untreated tumour cells grow in homogenous mono-layers. B. PAM-1 induced apoptosis in vivo: 2x106 stomach carcinoma cells
(23132/87) were injected i.p. into 8 week old NMRI nu/nu mice (Harlan Winkelmann GmbH, Borchen, Germany) followed by injections of fragmented
PAM-1 antibody (200 µg) at day 4 post carcinoma cell injection. After 23 days mice were sacrificed and the tumours were embedded in paraffin.
Tumour sections of PAM-1 treated mice were stained immunohistochemically with Klenow FragEL DNA fragmentation Kit for apoptosis. The first picture
shows Immunoperoxidase staining with apoptosis positive control, all cell nuclei are stained. The second picture shows Immunoperoxidase staining
with DNA fragmentation Kit, only the nuclei of apoptotic cells are stained. Bars: A, 20 µm; B, 100 µm.
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