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This is the gap and this Meeting was about filling it.
In fact, dominant tolerance, the “danger” theory and

the Th1/Th2 dichotomy are providing paradigms alter-
native to clonal selection for explaining the choices be-
tween ignorance, tolerance and aggression that the
immune system is constantly doing.

The story started with the increasing description of
natural autoantibodies [1], and later on the physiological
existence of T cells specific for self-epitopes [11]. Later
on, it was surprisingly found that the antigens that
patient’s lymphocytes recognized in tumors were more
often normal self-proteins than mutated proteins [12].

If many self-antigens are normally seen by circu-
lating T and B lymphocytes, and tolerance to these
antigens cannot be explained by clonal deletion, then,
how is tolerance achieved?

Alternative explanations came through
two directions
The first is “dominant tolerance”, an idea that was in-
spired by the observation that lymphopenia (either
congenital or induced) is associated with autoimmune
diseases [13]. During the last ten years, more controlled
experiments were done showing that autoimmunity can
be produced if animals are depleted of an specific sub-
set of CD4- T lymphocytes (CD25+), and that a small
amount of these “regulatory” lymphocytes is enough
to control potentially auto-aggressive T cells [2].

The picture was completed by experiments showing
two features of dominant tolerance: Firstly it behaves
infectiously [14], which means that the contact of regu-
latory T cells with naïve T cells can “teach” tolerance

Summary of the Opening Lecture at the
Meeting: “Immunotherapy for the New Cen-
tury”, Havana, Cuba, November-2000.

It is difficult to summarize the context in which current
immunotherapy research is done, and this is because
there is no “one context” but two: a practical context
and a theoretical context; and they do not overlap each
other too much.

The practical context is mainly given by the prod-
ucts for cancer immunotherapy under clinical trials:
more than 100 products, mainly monoclonal antibod-
ies and cancer vaccines, all surrounded by an atmo-
sphere of enthusiasm. Eight monoclonal antibodies
have already entered the market (three of them for
cancer) and there are more than 20 in advanced clinical
trials. Nobody doubts anymore that monoclonal anti-
bodies will be in our pharmacopoeias. The polemics
is now shifted to whether they will be chimeric, hu-
manized or fully human antibodies, and to whether
they will be manufactured in fermenters, or in
transgenic plants or animals. Scientific literature about
cancer vaccines, which was hard to find just 10 years
ago, is growing exponentially (Figure 1).

But it happens that basic science usually moves
faster than clinical research, and during the long time
while monoclonal antibodies and vaccines were going
through Phase I-II-III clinical trials and regulatory
compliance, the picture of Fundamental Immunology
was changing and moving in a different direction.

What essentially happened in immunological think-
ing in the last decade of the 20th century is that it
started to move away from the clonal selection theory
and from the idea of deletional tolerance.

Here is a summary of what the 90’s decade left
behind:
1. The critics to clonal selection theory
2. Dominant tolerance
• the evidences of physiological recognition [1]
• the phenomenology of “dominant tolerance” and

the initial characterization of regulatory T cells [2]
• the experiments about “linked suppression” [3]
3. The essential role of antigen presentation
• the molecular basis of dominance/cripticity and de-

terminant spreading [4]
• the physiology of the antigen presenting cells

(APC) (dendritic cells) [5]
• context-dependent immunity and the “danger”

theory [6]
• the links between innate immunity and adaptive im-

munity (a reinterpretation of the second signal) [7]
• glycolipid presentation to T lymphocytes [8]
4. The Th1/Th2 (Th3?) choices: a repertoire of effec-

tor responses [9]
5. The measurements of lymphocyte population dy-

namics [10]
6. IL-12 to IL-18

This picture is different from the theoretical back-
ground on which the antibodies and the vaccines that
are being tested today were based.
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Figure 1. Scientific literature published about cancer vaccines, 1980–1998.
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to the naïve cells and make them become in turn regu-
latory themselves; and secondly it exhibits “linked sup-
pression” [3], which means that if a new antigen is
presented in the same antigen-presenting cell together
(linked) with a previously tolerated antigen, the new
antigen will be tolerated.

As we will see below, these findings have a tremen-
dous importance for the design of cancer vaccination
procedures.

The second alternative explanation of tolerance was
nurtured by the accumulation of knowledge about
antigen presentation and the physiology of dendritic
cells. It was found that, before becoming fully compe-
tent to activate T lymphocytes, dendritic cells need
to undergo a process of maturation in which they
increase the expression of major histocompatibility
complex (MHC) and co-stimulatory molecules. It was
also found that this maturation was induced by bacte-
rial products, lipopolysaccharides, glycans, manans,
bacterial DNA, TNF, IL-1; i.e., the molecules of the
innate immune system [5].

These findings identified a link between innate im-
munity and adaptive immunity, giving the first a kind
of “instructive role” [6] to indicate to the rest of the
system whether to react or not.

Additional support to this idea came from the finding
that coupling of a complement molecule (C3d) to antigen
dramatically reduces the amount of antigen required for a
response [15], and from the identification in human cells
of a molecule analogue to the Drosophila toll protein,
which mediates anti-infectious defense in the fly and
potentiates T-lymphocyte response in human cells [16].

These results were interpreted in terms of the so called
“danger theory” which states that the immune system
does not differentiate between what is self or nonself,
but between what is dangerous or innocuous [6].

This theory has provoked a lot of polemic, but what-
ever theoretical construction is done what seems now
evident is the decisive importance of the “context” in
which an antigen is first seen by the immune system.

The antigen presentation field has been further com-
plicated by the identification of different sub-sets of
dendritic cells and different functional properties, prob-
ably associated with the capacity of directing T-helper
response either towards Th1 or Th2 phenotypes [17],
by the discovery of the effects of T lymphocytes on
dendritic cells [18], and by the discovery that non-
peptidic molecules can be presented to T lymphocytes
not restricted by the MHC, but by CD1 molecules [8].

For a more complete description of the new theo-
retical context built during the 90’s decade, we shall
also look at the amount of new data about lympho-
cyte population biology [10] describing the indepen-
dent homeostatic regulation of T and B lymphocytes,
and of resting and memory lymphocytes; identifying
the requirement of T-cell receptor engagement for
naïve T-cell survival (but not for memory T cells);
and discovering the recursive selection of diverse im-
mune repertoires in periphery even in the absence of
foreign antigens. Lymphocyte population biology (un-
like dominant tolerance) still lacks a proposal of a
unifying theory, but it will probably appear soon.

Are these recent achievements in Fundamental Im-
munology making an impact in clinical cancer immuno-
therapy? Obviously not. We should ask ourselves why.

Since the 1996 edition of the present Immunotherapy
Meetings in Havana, we have been discussing that the
classic approach of cancer immunotherapy—looking
for neoantigens, dominant epitopes and unspecific
immunostimulation—was probably an oversimplifica-
tion of reality. It was trying to reproduce—for cancer
treatment—the way the immune system reacts to a
foreign pathogenic microbe.

Cancer immunotherapy in the new century will
probably look more like the induction of a controlled
autoimmune disease: self–antigens, cryptic epitopes,
immunosuppression procedures [19, 20].

Cancer immunologists have a lot to learn
from autoimmunity research:
this is the “mining” concept
“Mining” makes sense when resources are available
and the extraction–processing capacity is the limiting
factor. This is exactly the current situation in cancer
immunology: there are abundant knowledge resources
created by basic immunology and autoimmunity re-
search, which could be exploited if we are able to
extract and process them.

To extract and process knowledge from basic sci-
ence means building links and requires more research.
The identification of pieces of new research that are
required to move basic science to the clinical setting is
not trivial.

A starting list of these “missing links” could be the
following:
1. A systematic description of antigens/epitopes of can-

cer cells recognized by patient’s T/B lymphocytes,
2. An operational definition and a description of the

“dominant self”,
3. A systematic study of immune response kinetics

during immunization with self-antigens,
4. Direct comparisons of immunizations with domi-

nant and “cryptic self” epitopes,
5. More data about the phenotype and population

dynamics for regulatory T cells,
6. A systematic evaluation of the effect of diverse

immunosuppressors on regulatory T cells,
7. A systematic evaluation of diverse protocols combin-

ing vaccination and immunosuppression procedures,
8. To complete the inventory of ligands of innate im-

munity receptors,
9. The identification of structural regularities in the

ligands of innate immune receptors (bio-informatics
approach),

10. A systematic evaluation of innate immunity mol-
ecules in composition the vaccines.

11. A meta-analysis of dendritic cell vaccines,
12. The identification of regulatory idiotopes on T-

cell receptors and antibodies,
13. A re-assessment of tumor escape mechanisms (sec-

ond wave).
Dominant tolerance, innate immunity, the danger

theory, T-helper cell diverse phenotypes, and lym-
phocyte population biology (the cognitive gifts of the
90’s decade) are creating huge possibilities to be ex-
plored in cancer immunotherapy.

Nobody can afford doing all the required research.
The issue is to focus smartly and mine where the
gold is.

Let this meeting help to draw the map.
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Tumor Immunology
and Cancer Vaccines

T-cell Recognition of Glycolipids:
Molecular Requirements
for Immunogenicity
G De Libero,1 L Mori,1 A Sacchi,1

A Donda,1 A Shamshiev,1 HJ Gober,1

O Michielin,2 S Sonnino3

We have identified and characterized human T-cell
clones which recognize self-glycolipids such as GM1
ganglioside, sulfatide and galactosylceramide, in asso-
ciation with CD1 antigen-presenting molecules. These
unusual T cells are more abundant in patients with
Multiple Sclerosis, Guillain-Barré syndrome and with
bacterial infections. This new type of antigen specific-
ity suggests that glycolipids may be new candidate
molecules to activate T cells in modern immunotherapy.
The molecular requirements for CD1 association and
T-cell immunogenicity have been investigated with a
series of glycolipid analogs differing in their lipid or
sugar moieties. These studies have shown that the in-
tact structure of ceramide is important to confer T-cell
immunogenicity. Furthermore, the type of the fatty
acid and the presence of sphingosine tail also influence
T-cell response. The sugar head of glycolipids is re-
sponsible for cognate interaction with the T-cell recep-
tor (TCR), and modification of the type of glycosidic
bonds- as well as of individual monosaccharides pro-
foundly influence T-cell recognition. To investigate more
in detail the CD1 molecular requirements for interac-
tion with the TCR and the different glycolipids, we
have drawn a model according to the crystal co-ordi-
nates of mouse CD1.1 protein. This model has pre-
dicted which amino acids in both α1 and α2 helices
direct their side chains towards the TCR. In addition, it
has also identified four amino acids which point to-
wards the CD1 groove and which may interact with the
bound glycolipid. These amino acids form a sort of
tweezers with the important function of holding the
glycolipid ligand in the appropriate position. This model
has been tested by generating 26 CD1a transfectants
expressing CD1a molecules modified by site-directed
mutagenesis. Mutagenesis in amino acids residing in
the upper part of both α1 and α2 helices impair, with
different efficiency, the reactivity of a series of CD1a-
restricted T-cell clones. Importantly, all the mutants in
the four amino acids contributing to the tweezers abol-
ish T-cell recognition, thus confirming their important
role in glycolipid antigen-presentation.
1Experimental Immunology, University Hospital, Basel, 2Department of
Biochemistry, University of Lausanne, Switzerland, 3Department of Bio-
chemistry, University of Milan, Italy.

Antiganglioside IgM Autoantibodies,
Ganglioside-mediated
Immunosuppression, and Cancer
Vaccines
MH Ravindranath, D Soh, A Gonzales,
DL Morton, A Bilchik
Carcinomas of the colon and pancreas selectively
overexpress a variety of gangliosides. Elevated serum

ganglioside levels in patients with colon or pancreatic
cancer suggest that growing tumor cells release their
surface gangliosides into the circulation. To examine
this possibility, we measured serum ganglioside levels
in patients undergoing cryosurgical ablation (CSA) of
liver metastases from colon carcinoma. CSA is a surgi-
cal procedure in which a tumor is frozen and thawed in
situ. Post-CSA serum ganglioside levels were higher
than pre-CSA levels and remained elevated for more
than three weeks. To verify antibody-mediated
downregulation of serum gangliosides, we measured
serum antiganglioside IgM levels before and after CSA.
Patients undergoing CSA had elevated levels of spe-
cific antibodies to colon carcinoma-associated ganglio-
sides GM2, GD1b and GT1b but not to normal
tissue-associated gangliosides such as GM3 or GM1.
This finding suggests that CSA-induced tumor necro-
sis, without any exogenous adjuvant, induces antigan-
glioside IgM to downregulate serum gangliosides.
Antiganglioside IgMs are natural autoantibodies found
in healthy individuals. When we tested the feasibility of
augmenting these autoantibodies by vaccinating patients
with exogenous membrane-bound gangliosides admixed
with an adjuvant, we found that serum ganglioside lev-
els postvaccination were inversely correlated with se-
rum antibody titers. One of the tumor-associated
gangliosides stoichiometrically bound to a CTL-stimu-
latory cytokine, indicating the immunomodulatory role
of the ganglioside. Our observations suggest that anti-
gen-targeted immunotherapies should attempt to restore
immunocompetence by augmenting the levels of anti-
ganglioside antibodies.
Laboratory of GlycoImmunotherapy, John Wayne Cancer Institute,
2200 Santa Monica Blvd. Santa Monica, CA 90404, USA.

Immune Dysfunction in Chronic
Disease: Molecular Basis
and Implications for Immunotherapy
AC Ochoa
Chronic diseases including cancer, autoimmune diseases
and chronic infectious diseases such as leprosy and
tuberculosis, are in part characterized by a dysfunc-
tional immune response, which not only is not effec-
tive in controlling the progression of the disease, but
also becomes part of the pathological process that leads
to tissue damage. The changes in immune function have
been repeatedly observed, but the basis for these
changes has been poorly understood. Several mecha-
nisms have been postulated to explain this diminished
immune response. These include a lack of adequate
antigen presentation and expression of co-stimulatory
molecules, a preferential response of Th2 cytokines
and the presence of alterations in the process of T-cell
signal transduction. Our laboratory has focused its ef-
forts on understanding the molecular basis leading to
changes in the expression of T-cell signal transduction
molecules, its possible clinical relevance and the means
to prevent or reverse these changes. We will discuss
possible mechanisms that lead to the down-regulation
of the expression in T-cell signal transduction molecules
with a resulting T-cell dysfunction and the preferential
production of Th2 cytokines. In addition we will dis-
cuss possible means to measure these changes in pa-
tients and ways to prevent and/or reverse these signal
transduction alterations. The data in this field suggests
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that the changes in monocytes/macrophages populations
and T cells are part of a continuous process, which ulti-
mately leads to a dysfunctional immune response.
Stanley S. Scott Cancer Center and Department of Pediatrics, Louisiana State
University Health Science Center, 2020 Gravier Street, New Orleans, USA.

Very Small Size Proteoliposomes:
Engaging Tumor Antigens
with Innate Immunity
LE Fernández,1 C Mesa,1 Z Mazorra,1

A Carr,1 O Valiente,1 K Rigley2

Most tumor associated (TA) molecules are weakly im-
munogenic. Since 1993 we have been trying to improve
weakly immunogenic TA targets through its associa-
tion with strong innate immunity ligands. As a model
we chose GM3 ganglioside associated to the outer mem-
brane protein complex of Neisseria meningitidis to form
very small size proteoliposomes (VSSP). On the other
hand, murine B16 melanoma expresses GM3 and then
constitutes an appropriate model for the development
of GM3-related immunotherapeutic ideas. Previous im-
munization with GM3/VSSP vaccine increased the over-
all survival of mice challenged with B16 melanoma cells,
whereas GM3/VLDL immunogen was ineffective. The
antitumor effect of vaccination was observed not only
by the enhancement of the host’s capacity to reject the
tumor but also by a reduction of B16 melanoma growth
in tumor-positive animals. Two intriguing properties
of the VSSP vaccine ability to induce protection were:
i) a dependence on the ganglioside structure (NGcGM3
ganglioside is absent from B16 melanoma so its corre-
sponding VSSP vaccine was unable to protect mice,
even though this ganglioside is conformationally iden-
tical to GM3) and ii) their non-transient character mea-
sured in the experiments.

Immunization experiments in Balb/c and Balb/Xid
mice suggested that B1 cells may regulate GM3/VSSP-
induced specific IgG antibodies. Other group of experi-
ments showed that VSSP and lipopolysacharides (LPS)
induce similar dendritic cell (DC) maturation and stimu-
late the production of similar patterns of cytokines
and, more strikingly, that the adjuvanticity of VSSP
cannot be explained by the LPS component alone since
VSSP induces IL12p40, IL1b, MIF and IL6 in C3H/
HeJ mice which are hyporesponsive to LPS. Further-
more, DC matured by VSSP induced CD4+ T-cell acti-
vation and INFg production in a transgenic OVA model.

These findings suggest that vaccination with weak an-
tigens (GM3)/VSSP can induce a specific and long-lasting
antitumor protection, most likely due to the exceptional
capacity of this vehicle to mobilize innate immunity.
1Center of Molecular Immunology, Havana, Cuba. 2Edward Jenner
Institute for Vaccine Research, Compton, UK.

Tumor Growth Inhibition
and Cell Cycle Effects of Antisense
Oligodeoxynucleotides Targeted
Against Thymidylate Synthase
RW Berg, M Werner, PJ Ferguson,
C Postenka, M Vincent, E Behrend,
J Koropatnick
Tomudex and 5-fluorouracil are chemotherapeutic
agents that target thymidylate synthase and are effec-

tive against a variety of tumors. Resistance to these
drugs is often mediated by thymidylate synthase over-
expression. We previously reported (Ferguson et al.,
Br J Pharmacol 1999;127:1777-86) that an antisense
oligodeoxynucleotide targeting thymidylate synthase
mRNA sensitized HeLa cells to Tomudex and 5-
fluorodeoxyuridine in vitro. The aims of this study
were to test the efficacy of antisense thymidylate
synthase oligodeoxynucleotides against human colon
cancer in nude mice, and to examine the mechanism of
inhibition of cell proliferation. Growth of human HT29
colon tumors in nude mice treated with oligodeoxy-
nucleotides was monitored, and levels of thymidylate
synthase protein in the tumors determined. Distribu-
tion of radiolabeled oligodeoxynucleotides was ascer-
tained in tumor and normal tissue sections. Apoptosis
was measured in HeLa cells treated with oligodeoxy-
nucleotides, and flow cytometry was used to examine
cell cycle parameters. Statistical analyses were two-
sided t tests. Thymidylate synthase antisense oligode-
oxynucleotide localized to tumors, inhibited tumor
growth when administered immediately after tumor
implantation, and reduced thymidylate synthase lev-
els in tumors. Antisense oligodeoxynucleotide did not
affect levels of apoptosis in HeLa cells in vitro. How-
ever, accumulation of cells in G2/M was observed 24
to 48 hours after treatment. A G2/M cell cycle block
induced by antisense thymidylate synthase oligode-
oxynucleotide likely mediates reduced tumor growth
in vivo, especially in microscopic tumors. Antisense
thymidylate synthase oligodeoxynucleotide may be
an effective in vivo therapy for colon carcinoma, and
may provide a means to circumvent drug resistance.
London Regional Cancer Centre, 790 Commissioners Road East, Lon-
don, Ontario, Canada.

A Practical Approach
to the Development of Vaccines
for Clinical Use
AG Dalgleish, J Eton, J John, L Lowe,
M Turner, H Pandha
The claimed improved survival in Stage IV disease of
patients with melanoma who received three alloge-
neic cell lines together with BCG as pioneered by
Morton and colleagues, led us to examine the practi-
cality of this approach and its efficacy. Experiments
in both murine and rat melanoma and prostate mod-
els clearly show that contrary to expectations, allo-
geneic cells improve the chance of survival of animals
challenged with live tumor. We next investigated the
role of gene transfer and a wide variety of adjuvants.
Although a number of cytokines transfected into au-
tologous cells increased the immune protection to
tumor challenge, this does not appear to be the case
in allogeneic cells which have their own adjuvanticity.
Moreover, other non-specific adjuvants such as BCG
and oil/water emulsion preparations can confer the
same degree of adjuvanicity as gene transfected cells.

We are currently evaluating methods of enhancing
the activity seen to date and methods include the use
of the HSVtk suicide gene technology to enhance im-
mune responses, tumor antigen presenting cell hybri-
domas, and the use of DNA vaccines together with
dendritic cell preparations.
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In addition to the above approaches, we are target-
ing the tumors defence mechanisms against an effec-
tive immune response and are developing an
anti-idiotype strategy aimed at CD55 the DAF mol-
ecule, as the best correlate of protection with cell based
vaccines appears to be complement dependant cyto-
toxicity. We now have a number of randomised and
non-randomised adjuvant and therapeutic vaccine tri-
als in melanoma, prostate, colorectal cancer, as well as
pilot studies in renal, pancreas and CNS.
St. George‘s Hospital Medical School, Cranmer, Terrace, London, UK.

Intratumoral Recombinant GM-CSF
Encoding Vaccinia Virus as Gene
Therapy in Patients with Melanoma
MJ Mastrangelo, HC Maguire, P McCue,
EC Lattime
Seven immunocompetent, revaccinated patients with
stage IV melanoma underwent intratumoral (IT) treat-
ment of dermal/SC metastases with injection (twice
per week x 6 weeks induction) of escalating doses
(104 - 2 x 107 PFU/lesion, 104 - 8 x 107 /session) of a
Vaccinia/GM-CSF recombinant (RV). Patients 3 and
5 were maintained on treatment for 12 and 6 months
respectively. Systemic toxicity was dose-related and
limited to mild flu-like symptoms. Inflammation was
seen with > 107 PFU RV. Chronically treated lesions
showed a dense infiltration with CD4+ and CD8+
lymphocytes, histiocytes and eosinophils. In all 5
patients who received the highest doses of RV, treated
lesions regressed. Three (3, 5, 7) had regression of all
injected lesions and untreated regional dermal/SC me-
tastases. All 7 Patients manifested serum antibody
responses to vaccinia and to beta-galactosidase sec-
ondary to lac-Z expression in the RV. Using RT-PCR
and primers specific for the vaccinia thymidine kinase
gene, virally encoded mRNA was seen beginning at
6 hrs and continuing to, at least, three days following
treatment (both early and late in the treatment course).
Using primers specific for Vaccinia passenger gene
encoded GM-CSF, mRNA was found at 18 and 48
hrs after injection in both acute and chronically treated
lesions. These studies demonstrate that: (1) recombi-
nant Vaccinia viruses are an effective vector for in
situ gene transfer, (2) developing immunity to Vac-
cinia proteins does not block effective tumor infec-
tion/transfection and (3) treated and untreated regional
dermal/SC metastases regress.
Thomas Jefferson University of Philadelphia, USA.

Friedenreich antigen (TF) and MUC1), polysialic acid
and a protein antigen (KSA) on a variety of cancers as
suitable targets for antibody attack. The optimal vac-
cine formulation involves chemical conjugation of the
antigen, the antigen lactone (L) or an antigen cluster (c)
to a carrier molecule (keyhole limpet hemocyanin (KLH)
has proven optimal) and the use of a potent immuno-
logical adjuvant. The saponin immunological adjuvants
(QS-21 and GPI-0100) obtained from the bark of a South
American tree (Quillaja saponaria) have been the most
potent adjuvants both for antibody induction against
these antigens and for induction of interferon gamma
against KLH. To date, antibodies have been induced in
the majority of patients vaccinated with single antigen
conjugate vaccines against each of these antigens, except
for polysialic acid and KSA, and against tumor cells
expressing these antigens. IgM and IgG antibodies ca-
pable of reacting with these antigens on tumor cells
(FACS) and activating complement (IA) were induced in
most patients, as summarized below. Complement me-
diated cytotoxicity (CDC) was detected with antibodies
against glycolipid but not against mucin antigens.

Pilot trials using polyvalent KLH-conjugate vac-
cines against GM2, Globo H, LeY, sTn, TF and MUC1
for patients with breast or ovarian cancer, the same 6
antigens plus Tn for prostate cancer patients, and
GM2, GD2 and GD3 for patients with melanoma or
sarcoma are being initiated to ensure safety and im-
munogenicity. Phase III double blind randomized tri-
als in the adjuvant setting comparing specific
immunization with the polyvalent KLH conjugate
vaccines to nonspecific immunization with KLH and
QS21 alone are planned for 2001 (Table).
Memorial Sloan-Kettering Cancer Center, New York, NY, 10021, USA.

  Table. Summary of serological results in vaccinated patients.
Median ELISA

Pre/post
Median FACS

Pre/postVaccine
antigen

No.
of patients

IgM* IgG

IgG
subclass

IgM IgG

Median
IA post

Median
CDC

Pre/post

Fucosyl GM1 10 0/320 0/640 IgG1 11/84 10/33 10/71
GM2 100 0/640 0/320 IgG1+3 11/65 10/41 ++ 2/44
GD2 30 0/40 0/160
GD3L 12 0/40   0/160 9/10 10/29 + 3/14
Globo H 30 0/640 0/40 IgG1+3 10/25 10/13 ++ 4/36
Lewis Y 18 0/80 0 7/23 + 3/26
Tn(c) 15 0/2560 0/1280 −
STn(c) 27 0/1280 0/160 IgG3 6/30 10/8 + −
TF(c) 15 0/320 0/10 11/23 10/25 + −
MUC1 45 0/1280 0/5120 IgG1+3 11/51 11/25 + −
Polysialic acid 5 0/0 0/0
KSA 15 0/40 0/160 10/12 11/13 − −

  0 = titer less than 1/10

Epidermal Growth Factor-based
Vaccine: Results of Clinical Trials
in Patients with Epidermoid
Origen Tumors
G González, T Crombet, F Torres,
B García, A Mulet, R Pérez, A Lage,
M Catalá, L Alfonso, M Osorio,
E Neninger
Epidermal Growth Factor (EGF) promotes cellular pro-
liferation on binding to its membrane receptor (EGF-R).
Anti-EGF antibodies raised by active immunization

Treatment of Cancer in the Adjuvant
Setting with a Polyvalent,
Antibody-inducing Vaccine
P Livingston
Studies in experimental animals demonstrate that pas-
sively administered or vaccine induced antibodies can
eliminate circulating tumor cells and micrometastasis,
an extent of tumor similar to that seen clinically in the
adjuvant setting. We have identified a series of cell sur-
face glycolipid antigens [(GM2, GD2, GD3, Fucosyl
GM1, globo H and Lewis Y (LeY)], glycoprotein (mu-
cin) antigens (Tn, sialyl Tn (sTn), Thomsen-
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with EGF should “block” this binding, inhibiting the
resulting proliferation mechanisms. In pre-clinical stud-
ies, we demonstrated that immunization with EGF, in
mice and monkeys, provokes an anti-EGF antibody
(Ab) response and that immune sera block the bind-
ing of EGF to its receptor in an in vitro  assay. EGF-
immunized mice showed a significant increase in
survival when transplanted with EGF-R-expressing
tumors, as compared with non-immunized tumor-trans-
planted controls. In a first small pilot clinical trial, we
demonstrated the immunogenicity and lack of toxicity
of a vaccination with human EGF (2 doses) in 10 pa-
tients with advanced epidermoid carcinomas. Data
pooled from two Phase I randomized trials of EGF
vaccination in 40 non-small cell lung cancer (NSCLC)
patients with advanced disease, considered ineligible
for other standard anti-cancer treatment, are now
available. A 5 dose protocol was used and patients to
be included were randomized to 4 treatment arms: with
or without a low dose of cyclophosphamide (CPM)
before vaccination, and with alum or Montanide ISA
51 as adjuvants. The 40 vaccinated patients, 36 showed
seroconversion (at least a doubling of pre-vaccination
EGF antibody levels). According to the anti-EGF an-
tibody response, patients were classified as good an-
tibody responders [GAR, those reaching Ab titers of
at least 1:4000 (serum dilution) and at least 8 times
the pre-vaccination titer] and poor antibody respond-
ers (PAR). Pre-treatment with CPM provoked an in-
crease in Ab titer levels but not an increase in the
percentage of GAR. The use of Montanide as adju-
vant significantly increased antibody responses and
the percentage of GAR. There were no significant
differences in survival times (SV) between random-
ized groups. In all patients treated, GAR showed a
significant increase in survival (n = 19, median SV 9.1
months) as compared with either PAR (n = 21, me-
dian SV 4.5 months) or with a historical control group
(n = 29, median SV 5.6 months) (p = 0.02). All treated
patients (GAR+PAR) showed a tendency to increase
in survival (n = 40, median SV 8.17 months) as com-
pared with historical controls. Vaccination was safe;
no evidence of severe clinical toxicity was observed.
Center of Molecular Immunology, Havana, Cuba.

high affinity, inhibiting tyrosine kinase activation.
Immunoscintigraphy in 148 patients with this 99-m
technetium labeled MAb, showed an overall sensitiv-
ity and specificity of 84.1% and 100 %, for in vivo
detection of epithelial tumors. The antibody was hu-
manized (h-R3), exhibiting similar capacity to inhibit
EGF binding to EGF-R. In a previous trial, the low
toxicity and immunogenicity of h-R3 was demon-
strated. To evaluate the efficacy and safety of h-R3
at multiple doses, in combination with radiotherapy in
advanced SCCHN patients, a phase Ib/IIa trial was
conducted. Twelve patients with advanced loco-re-
gional SCCHN who were suitable candidates for radi-
cal radiation therapy were included in the trial. Patients
received six weekly intravenous doses of h-R3 at 4-
dose levels in combination with radiotherapy. Single
MAb doses ranged from 50 to 400 mg. Before and
after treatment, a small biopsy of primary tumors was
taken to evaluate EGF-R expression, proliferative in-
dex and blood vessel staining by immunohistochemis-
try. EGF-R over expression was considered an
inclusion criterion.

After MAb treatment, main adverse events consisted
in fever, hypotension, somnolence, tremors, and disori-
entation. Irradiation toxicity was not exacerbated by
the addition of h-R3. Seven out of 12 patients showed
an objective response (6 complete and 1 partial remis-
sion). Complete responses were achieved at the 4-dose
levels: 50 and 100 mg (1 patient for each dose), 200
and 400 mg (2 patients). In histological studies, tumor
sections before treatment showed high vessel density,
while treated tumors were characterized by a remark-
able reduction of vascularity. EGF-R expression and
proliferative index significantly decreased after treat-
ment completion in responding patients.
1Center of Molecular Immunology. 2National Institute of Oncology,
Havana, Cuba.

Antibody-based Therapy

Use of the Humanized Anti-EGF-R
Monoclonal Antibody h-R3 and
Radiotherapy in the Treatment
of Advanced Head and Neck Cancer
Patients
T Crombet,1 M Osorio,2 T Cruz,2

E Renginfo,1 JR Díaz,2 R Del Castillo,2

O Torres,1 R Pérez,1 A Lage1

Squamous cell carcinomas of the head and neck
(SCCHN) are characterized by over-expression of epi-
dermal growth factor receptor (EGF-R). Ior egf/r3, a
neutralizing murine monoclonal antibody (MAb)
against EGF-R was generated at the Cuban Institute
of Oncology. The antibody recognizes EGF-R with

Three-step Radioimmunotherapy
with 90Y-biotin: Dosimetry
in Cancer Patients
M Cremonesi, M Ferrari, M Bartolomei,
M Chinol, M Fiorenza, G Tosi, G Paganelli
This report presents the results of pharmacokinetic
and dosimetric studies obtained in 24 cancer patients
treated by a three-step avidin-biotin approach as
pretargeting system in radioimmunotherapy (RIT).
Special consideration was given to the dose delivered
to the red marrow and to the haematological toxicity.
The protocol consisted in the injection of biotinylated
MAbs (first step) followed one day later by the com-
bined administration of avidin and streptavidin (sec-
ond step). After 24 h, biotin radiolabeled by the DOTA
chelating agent with 2-6 GBq of 90Y was injected (third
step). 111In-biotin was used as a tracer of 90Y to fol-
low the biodistribution during therapy. Serial blood
samples and complete urine collection were obtained
over 3 days. Whole body and SPECT images taken at
1, 16, 24, 40 h after injection were used to extrapolate
90Y-biotin time-activity curves. A compartmental
model was used to calculate the residence time val-
ues (t) for critical organs and tumor; the absorbed
doses were estimated using MIRDOSE3.1 software.
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The mean t value in blood was 2.0 ± 1.1 h; the mean
urinary excretion in the first 24 h was 82.5 ± 10.8 %.
Kidneys, liver, bladder and red marrow mean absorbed
doses were: 1.62 ± 1.14; 0.27 ± 0.23; 3.61 ± 0.70;
0.11 ± 0.05 mGy/MBq respectively; the dose to the
tumor ranged from 0.62 to 15.05 mGy/MBq.
Pretargeted 3-step RIT allows the administration of
high 90Y activities capable of delivering a high dose to
the tumor and sparing normal organs and red marrow.
Although 90Y-biotin rapidly clears from circulation,
accurate quality controls of the radiocompound are
recommended, as small fractions of free 90Y originat-
ing from a non-complete radiolabeling can significantly
contribute to red marrow dose (3.26 mGy per MBq of
free 90Y) and may explain some high levels observed
for haematological toxicity.
European Institute of Oncology, Milan, Italy.

Antibodies, Antigen Mimicry
and Active Specific Immunotherapy
of Melanoma
S Ferrone, X Wang, W Luo
Like many tumor associated antigens identified in hu-
man malignant cells, the human high molecular
weight-melanoma associated antigen (HMW-MAA)
is a self-antigen. To overcome unresponsiveness to
HMW-MAA, we have been testing the strategy to
utilize mimics of HMW-MAA as immunogens. In pre-
vious studies we have shown that the mouse anti-
idiotypic (anti-id) MAb MK2-23 which mimics the
determinant recognized by mouse anti-HMW-MAA
MAb 763.74 can induce humoral anti-HMW-MAA
immunity in about 60% of patients with melanoma.
The reactivity of anti-anti-id antibodies with mela-
noma cells is low, although that with the immunizing
anti-id MAb is high. This finding is likely to reflect
the lower association constant of the anti-anti-id an-
tibodies for the HMW-MAA than for the immuniz-
ing anti-id MAb. The association between the
anti-anti-id response and an improved clinical course
in patients with melanoma has prompted us to con-
tinue these studies. To overcome some of the limita-
tions of the use of mouse anti-id MAb as immunogens,
i.e. inability to induce HLA class I antigen restricted,
HMW-MAA specific CTL, induction of anti-mouse
Ig antibodies, we are testing peptide mimics of
HMW-MAA as immunogens. Peptide mimics have
been isolated by panning two phage display peptide
libraries with mouse anti-HMW-MAA MAb and with
human anti-HMW-MAA scFv fragments. Most of
the isolated peptides inhibit the binding of the corre-
sponding antibody to the HMW-MAA in a dose de-
pendent fashion, but do not share sequence homology
with that of the HMW-MAA. Peptide mimics have
been found to elicit anti-HMW-MAA antibodies and
DTH to HMW-MAA bearing melanoma cells. The
level of anti-HMW-MAA antibodies elicited by mim-
ics of HMW-MAA is low, but can be markedly en-
hanced by boosting the host with the original antigen.
These findings suggest that sequential immunization
with a mimic of the antigen and with the original an-
tigen may be an effective strategy to elicit a strong
immune response to a self-tumor associated antigen.
Department of Immunology, Roswell Park Cancer Institute Elm &
Carlton Streets. Buffalo, New York 14263, USA.

Anti-idiotype Vaccine Therapy
of Colorectal Cancer Targeting
the Carcinoembryonic Antigen
M Bhattacharya-Chatterjee,
SK Chatterjee, KE Foon
Our goal is to use CEA as a target for immunotherapy
in CEA-positive cancer patients who are all immune
tolerant to the native antigen. We isolated and charac-
terized an anti-idiotype (Id) monoclonal antibody 3H1
designated CeaVac, which mimics a distinct and spe-
cific epitope of the Mr 180,000 CEA and can be used
as a surrogate for CEA. Active immunization of dif-
ferent species of animals such as mice, rabbits and
monkeys with 3H1 results in a polyclonal anti-CEA
response as well as T-cell proliferative responses
against CEA. Preclinical studies demonstrating the
ability of 3H1 to stimulate tumor-specific protective
immunity in a murine model using CEA-transfected
MC38cea tumor cells confirmed the potential role of
3H1 in anti-Id therapy. Our initial clinical trials of
3H1 adsorbed to aluminum hydroxide (alum) have
shown that 3H1 can break immunetolerance to CEA,
and patients with advanced metastatic disease who
generate an active specific immunity to CEA may have
a survival benefit. In this phase Ib trial, hyperimmune
sera from 17 of 23 patients demonstrated an anti-anti-
idiotypic Ab3 response, and 13 of these responses
were demonstrated to be true anti-CEA responses
(Ab1’). The antibody response was polyclonal, and
11 mediated antibody-dependent cellular cytotoxic-
ity. Ten patients had idiotypic T-cell responses, and
five had specific T-cell responses to CEA. Toxicity
was limited to local swelling and minimal pain. Next,
we treated 32 patients with surgically resected colon
cancer with CeaVac (3H1). We also compared the im-
mune responses between patients treated with fluo-
rouracil (5-FU) chemotherapy regimens plus vaccine
versus vaccine alone. All patients entered onto this
trial generated high-titer IgG antibody and T-cell pro-
liferative immune responses against CEA and the pep-
tides LCD-2 and CEA-B derived from 3H1/CEA
sequence homology. The 5-FU regimens did not have
a qualitative or quantitative effect on the immune re-
sponse. A number of very high-risk patients continue
on study. These data warrant a phase III trial for pa-
tients with resected colon cancer.
University of Cincinnati, The Department of Medicine and The Barrett
Cancer Center, Cincinnati, OH 45267-0509, USA.

Immune Responses in Melanoma
Patients Immunized with an
Anti-idiotype Antibody Mimicking
N-glycolyl Containing Gangliosides
M Alfonso, E Rodriguez, A Díaz, A Rojas,
AM Hernandez, RJ Bitton, R Perez,
AM Vazquez
We have generated an anti-idiotype monoclonal antibody
(1E10) specific to an Ab1 monoclonal antibody able to
specifically react with N-Glycolyl-containing gangliosides
and with antigens expressed on melanoma and breast
cancer. A pilot clinical trial for twenty patients with ad-
vanced malignant melanoma have been carried out. Pa-
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tients received six doses of 2 mg of aluminum hydrox-
ide-precipitated 1E10 monoclonal antibody, injected in-
tradermally into multiple sites at two week intervals. All
patients had stage IV malignant melanoma, the median
age was 57 years (range 29-76 years), and the
male:female ratio was 7:12. Fourteen patients completed
the entire vaccination schedule, five patients were re-
moved from the study because of disease progression
and one patient was lost to follow-up. No evidence of
serious or unexpected adverse effects have been ob-
served in this clinical trial. Main cases of toxicity included
erythema and induration at the injection site, sometimes
associated with mild pain and low grade fever (WHO
grades I, II). All cases of toxicity resolved spontane-
ously, lasting from 3 to 7 days. Chills and mild cephalea
occurred in few patients. The median survival was 42
weeks with 5 patients surviving for more than one year.
Serum was obtained at baseline and before each immu-
nization. The presence of human anti-mouse antibodies
(HAMA), specific anti-1E10 and anti-NeuGcGM3 anti-
bodies was evaluated before treatment, fourteen days
after each immunization. Hyperimmune sera from six-
teen of the seventeen patients who received at least four
doses of the vaccine revealed an anti-anti-idiotype (Ab3)
response as demonstrated by the inhibition of Ab2 (1E10
Monoclonal antibody) binding to Ab1 (P3 Monoclonal
antibody). Specific antibody responses were observed
both against the 1E10 antibody and the NeuGcGM3 gan-
glioside. The specificity of the immune response was
confirmed by high performance thin layer chromatogra-
phy-immunostaining using a panel of standard ganglio-
sides. The antibody response against monoclonal antibody
1E10 was predominantly of the IgG isotype, with anti-
body titers ranging from 1:10,000 to 1:100,000, and the
anti-ganglioside response was of IgG and IgM isotypes
showing titers up to 1:3200 (IgG) and 1:12800 (IgM).
The results of this clinical trial have demonstrated that
this 1E10 anti-idiotype vaccine was safe, well tolerated
and immunologically effective, with most patients being
able to generate a specific immune response against 1E10
and NeuGcGM3 ganglioside.
Center of Molecular Immunology and National Institute of Oncology
and Radiobiology, Havana, Cuba. Laboratorios Elea, Buenos Aires,
Argentina.

IgG and IgM antibodies reacting with both GD3 and
R4 peptide, as shown by ELISA and immunostaining
on PVDF membranes. However, the IgG subtypes
were quite different with respect to the antigen tested.
Mice immunized with R4 had high titers of specific
IgG3 when tested on GD3, whereas the titers of IgG3
bound to R4 were weak. Mice immunized with GD3
had high titers of IgG2a and IgG1 specific for both
GD3 and R4. Thus, peptide R4 induced IgG3 anti-
bodies with a greater affinity for GD3 than for the
peptide itself. A study by flow cytometry on murine
melanoma cells expressing GD3 showed that, although
the binding of immune sera was stronger for mice im-
munized with GD3, the sera of mice immunized with
R4 also reacted with these cells. These results suggest
that glyco-replica peptides mimicking gangliosides may
be useful to trigger an immune response against tumor
cells such as human malignant melanocytes express-
ing those gangliosides. A study is in progress to deter-
mine which amino acids of the peptides are critical for
mimicking GD3.
1Laboratory of Glycobiology, INSERM U.346, Faculty of Medicine Lyon-
Sud, 69921 Oullins, France; 2Cellular Technology Institute, Otsuka
Pharmaceutical Company, Tokushima 771-01, Japan.

Phage Display for the Isolation
of Therapeutic Antibodies: Applications
and Improvements
S Dübel
Nine years after the invention of the antibody phage
display method, the first human antibodies isolated
from libraries have already entered the clinics. How-
ever, there is still potential to increase the perfor-
mance of the selection technology. We have constructed
a novel Helperphage (“Hyperphage®”), which allows
an effective packaging of phagemids, yielding close to
100% of phage which carry antibody fragments, com-
pared to less than 1% achieved with M13KO7 or
other common helperphage. The antibody phage made
with Hyperphage showed a stronger binding to their
antigen, and a 400 fold increase in the number of func-
tional phage. This allows to package large libraries
much more efficiently, by avoiding that the majority
of packaged phages cannot contribute to the panning
enrichment since they do not present an antibody on
their surface. Further, Hyperphage packaging dramati-
cally increased the probability to get binders in the
first panning step, by shifting the ratio between the
few specific antibody phage and the antigen towards
binding. This effect has been demonstrated by pan-
ning a universal human antibody library with tetanus
toxin. After just two rounds of panning, more than
50% of the eluted clones bound strongly to the anti-
gen. Conventional M13KO7 helperphage packaging
of the same library did result in 3% positive clones
which included no strong binder. Antibodies with thera-
peutic potential can be isolated from immunized do-
nors. We used this approach to isolate antibody
fragments binding to the surface of intact Hantavirus
particles. Hantavirus is the causative agent of Hemor-
rhagic Fever with Renal Syndrome (HFRS), a life
threatening disease with a worldwide distribution.
Most cases are reported from China. We used blood

Compared Immunogenicity in mice
of GD3 Ganglioside Purified from
Human Malignant Melanoma Versus
Glyco-replica Peptides Mimicking GD3
I Popa,1 D Ishikawa,2 K Ogino,2 T Taki,2

J Portoukalian1

Glyco-replica peptides mimicking GD3, that is the
major ganglioside of human malignant melanoma, were
isolated from a phage-displayed peptide library with
a mouse monoclonal IgG3 antibody (MAb) specific
for GD3 ganglioside. Sequencing of the peptides
showed that they were made of 15 to 20 amino acids.
The immunogenicity of peptide R4, the most reactive
peptide to MAb antiGD3, was studied following im-
munization of mice with the peptide R4 coupled to
keyhole limpet hemocyanin (KLH), and the immune
response was compared to that obtained with pure
ganglioside GD3. All immune sera displayed specific
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samples from patients which had survived the infection
and constructed antibody display libraries. A panel of
different antibodies to the two surface glycoproteins
was obtained. For the expression of therapeutically
active complete IgG molecules, we constructed a cas-
sette Baculovirus vector system which allows the di-
rect insertion of the antigen binding regions obtained by
phage display. Yields up to 18 mg/L allow convenient
production of material sufficient for animal tests.
Universität Heidelberg, Molekulare Genetik, Im Neuenheimer Feld
230 69120, Heidelberg, Germany.

Molecular Farming of Clinically
Relevant Human Recombinant
Antibody Fragments
R Finnern
Antibodies are the paradigm for the construction of high
affinity, protein-based binding reagents. They offer the
opportunity to design highly potent molecules for the
rapid diagnosis and therapy of many severe diseases.
Clinical applications of antibody fragments cover the
full range of diagnostic in vitro immunoassays through
to therapeutic in vivo tumor imaging and targeting re-
agents. The enormous potential of human antibodies
for improving human health will create a need for the
production of inexpensive, safe, highly potent, novel
recombinant human antibodies for e.g. tumor imaging
and targeting. The strength of our approach is that we
intend to combine the power of developing and optimiz-
ing human antibodies through phage display, with the
almost unlimited production potential of using plants as
bioreactors for producing 2nd and 3rd generation hu-
man antibodies. Plants produce functional, safe recom-
binant antibodies on a large scale at low cost. The
absence of pathogenic vector or oncogenic sequences
in the plant expression system is a tremendous advan-
tage, which will have a major impact on the develop-
ment of improved, efficacious and safe diagnostics,
therapeutics and vaccines.
RWTH-Aachen, Department of Botany and Molecular Genetics, Ger-
many

Autoimmunity and Regulation
of the Immune System

DNA Immunization for Autoimmune
Disease
IU Ruiz,1 PJ Ruiz,2 V Paragas,1 C Taylor,2

H Garren,2 L Steinman,2 CG Fathman1

DNA vaccination is an effective means of protecting
experimental animals against infectious pathogens and
cancer, and has more recently been used to prevent
autoimmune disease. The mechanism involved in the
immune response to microbial DNA are not clear but
several experiments point to a paradox in which anti-
gen in the DNA form can down regulate autoimmune
damage but boost the attack to foreign pathogens. We
are presenting our recent experiment in murine mod-
els of autoimmune disease in order to discuss the ap-
plication to human disease. We will address the results
of DNA immunization with insulin DNA in the NOD
mouse as well as the use of myelin antigen for the pre-

vention and treatment of experimental autoimmune en-
cephalomyelitis.
1Division of Immunology and Rheumatology, and 2Department of
Neurology, Stanford University School of Medicine, Stanford, CA
94305, USA.

Therapeutic Application of Mutant
Forms of Bacterial Superantigens
WH Boehncke
Bacterial superantigens are characterized by their abil-
ity to interact with and activate T cells that share
defined T-cell receptor Vβ segments. There is increas-
ing evidence that superantigens are involved in the
pathogenesis of several autoimmune diseases such as
psoriasis. This pathogenic mechanism has been ex-
perimentally reproduced in a SCID-hu xenogeneic
transplantation model. We analyzed the effects of dif-
ferent bacterial superantigens on the induction of pso-
riasis in this model. Staphylococcal enterotoxin B and
exfoliative toxin triggered the onset of psoriasis when
administered repetitively i.e. over a period of two
weeks, whereas staphylococcal enterotoxin A (SEA)
representing a distinct subfamily of staphylococcal
enterotoxins only mimicked certain aspects of psoria-
sis. The biological effects of SEA were more pro-
nounced when a mutated form, SEAH187A, of this
superantigen with reduced affinity to MHC class II
was co-injected. Another mutated variant, SEAF47A/
D227A, exhibiting no measurable MHC class II affin-
ity blocked the effects triggered by wild-type SEA
when injected in a 10-fold higher dose. Inhibition was
specific since induction of psoriasiform epidermal
changes by SEB could not be blocked. Since, in con-
trast to the other superantigens tested, SEA is ca-
pable of inducing epidermal thickening but not the
typical appearance of psoriasis we conclude that bac-
terial superantigens may differ with regard to their
effects on human non-lesional psoriatic skin. SEA-
mediated effects were blocked by a genetically engi-
neered superantigen highlighting the potential
therapeutic use of mutated superantigens. In the field
of oncology, SEA application for therapeutic purposes
has already been undertaken in the form of fusion
proteins composed of tumor-reactive monoclonal an-
tibodies and the superantigen.
Dept. of Dermatology, Frankfurt University School of Medicine, Ger-
many.

Bacteriophages as Anti-bacterial
Agents and Immunomodulators
A Gorski, B Weber-Dabrowska, M Mulczyk
Immunocompromised patients are prone to life-threat-
ening infections; therefore, their appropriate treatment
is of utmost importance. Bacteriophages (BP) are vi-
ruses that infect bacteria, multiply within them and
lyse them. At our Institute, we have treated with BP
approx. 1500 patients with antibiotic-resistant bacte-
rial infections with a success rate exceeding 90%.

Recent emergence of bacteria resistant to all avail-
able antibiotics poses a major danger to human health
and threatens to return us to a pre-antibiotic era. In
this sense, our findings with BP as anti-bacterial
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agents are becoming of increasing interest. Interest-
ingly, our in vitro  and in vivo data indicate that BP
can modulate the immune response and upregulate
immunity in immunocompromised individuals.
Institute of Immunology and Experimental Therapy, Polish Academy
of Sciences, 53114 Wroclaw, Poland; The Transplantation Institute,
The Medical University of Warsaw, 02006 Warsaw, Poland.

The Complement Attenuating Effect
of Intravenously Applied Human IgG
is Primarily due to Naturally Occurring
Anti-C3 Antibodies
HU Lutz, P Stammler, V Bianchi,
M Schlumberger, A Luginbohl, PJ Spoth,
R Troeb, E Jelezarova
High dose, pooled, human IgG has beneficial ef-
fects, when intravenously applied to patients (1-2
g per kg body weight) with inflammatory, comple-
ment-mediated diseases. IgG attenuates complement
activation in vitro, because it stimulates factor I-
dependent inactivation of those C3b-containing
complexes that best amplify complement deposi-
tion (C3b2-IgG complexes) (Lutz et al. Blood 88
[1996] 184). C3bn-containing complexes could also
be verified in rapidly denatured plasma of patients
with dermatomyositis. Infusion of high dose IgG
lowered the steady state concentration of these com-
plexes significantly to a level of 50% by day 14. As
judged from in vitro experiments, the complement-
attenuating principle was retained by F(ab’)2 frag-
ments, implying the involvement of certain naturally
occurring antibodies (NAb). Thus, we purified anti-
C3 NAb by affinity chromatography of pooled
human IgG on immobilized C3. F(ab’)2 fragments
of these NAb were up to 1000 times more effective
than those from whole human IgG, in stimulating
inactivation of C3b2-IgG complexes which were
generated in 20% serum in which classical pathway
complement activation was induced. They stimu-
lated inactivation of C3b2-IgG complexes at 1-20
µg/mL in a dose-dependent way, while F(ab’)2 of
whole IgG had no effect at corresponding concen-
trations. Anti-C3 NAbs were effective, when
supplemented alone or together with 0-5 mg/mL of
exogenous IgG depleted for anti-C3 NAbs. Since
anti-C3 NAbs reduced the effective concentration
of native C3b2-IgG complexes and the total amount
of these complexes generated over an incubation
period, they reduced the total extent of C3 activa-
tion by 25 ± 5% at 5 µg/mL with no further reduc-
tion at higher concentrations. The effect of anti-C3
NAbs was not abrogated by a pretreatment with
diisopropyl-fluorophosphate. Their attenuating po-
tential could also be verified on an artificially gen-
erated alternative C3 convertase. Anti-C3 NAbs,
but not IgG depleted of anti-C3 NAbs, lowered the
number of active C3 convertases, when added dur-
ing C3 convertase assembly on C3b2-IgG complexes.
Hence, anti-C3 NAbs appear to regulate the ampli-
fication loop by stimulating inactivation of C3b2-
IgG complexes which represent its major activators
(Jelezarova and Lutz, Mol Immunol 1999;36:837).
In an ongoing project with J.A. Schifferli and PJ
Spoth we investigate whether these NAbs even coun-

teract autoaggressive antibodies that stabilize C3 con-
vertases, as in membranoglomerulonephritis.
Institute for Biochemistry, Swiss Federal Institute of Technology, ETH-
Zentrum, Zurich, Switzerland.

How Preexisting, Germline-derived
Antibodies and Complement May Help
Induce a Primary Immune Response
to Non-self
HU Lutz, A Luginbuhl, E Jelezarova
Preexisting, germline-encoded antibodies (naturally oc-
curring antibodies, NAb) bind to conserved epitopes
on invading non self-antigens and form immune com-
plexes that initiate complement deposition (Thornton
et al. Clin Exp Immunol 1996;104:531). Nascent C3b
may preferentially bind to NAb rather than to antigen
of the immune complex, since IgG has an affinity for
C3 which can be higher for some NAbs (Lutz et al. J
Biol Chem 1993;268:17418). C3bs are ester bonded
to each other and to the NAb in these complexes.
They remain associated with the non-self antigen (C3b-
C3b-NAb....non self-antigen). Once C3b-C3b-Ig com-
plexes are inactivated to C3d or C3dg, they retain
dimeric C3 fragments, as we have verified on artifi-
cially generated complexes. Thus, (C3dg-C3dg-
NAb....non self-antigen) complexes may bind
bivalently to B cells via complement receptor 2 (CR2).
In some cases CR2-bound (C3dg-C3dg-NAb...non
self-antigen) complexes may further be recognized by
Ig determinants on B cells, whereby an immune re-
sponse is elicited. Since conserved epitopes on the
non-self-antigen are already occupied by NAbs, only
B cells specific for non self-epitopes would be stimu-
lated by complex-induced coaggregation of such an Ig
determinant with CR2. This can explain directed af-
finity maturation towards non self and protection from
an autoaggressive immune response to conserved
epitopes. As NAbs exist at low concentrations, high
dose free antigen will compete with the described com-
plexes for Ig determinants on B cells, whereby unre-
sponsiveness is induced. This may explain why
antibody-production is bell-shaped, when plotted
against antigen concentration. Down regulation of B
cells may then be initiated by CR2-bound complexes
which have lost the weakly associated non self-anti-
gen and present C3dg-C3dg-NAb to Ig determinants.
These complexes may trigger B cells specific for Ig,
whereby an anti-Ig production is elicited (anti-hinge
region: Terness et al. J Immunol 1995;154:6446) which
follows any immunization and stops B-cell prolifera-
tion by cross-linking FcR to antigen-carrying Ig deter-
minant (Diegel et al. J Biol Chem 1994;269:11409).
Institute for Biochemistry, Swiss Federal Institute of Technology, ETH-
Zentrum, Zurich, Switzerland.

Natural Human Antibody
and Intravenous Immunoglobulin
Regulation of Activated Cells
DA Chow, R Kraut, X Wang
Evidence from several in vivo and in vitro syngeneic
murine tumor models of natural resistance supports
the idea of polyclonal natural antibody (NAb) sur-
veillance of developing tumors, preneoplastic and
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PKC-activated cells. T lymphomas treated with the
tumor promoter 12-O-tetradecanoyl-phorbol-13-ac-
etate (TPA) to generate variants and repeatedly se-
lected for high serum NAb IgG- plus IgM-binding,
exhibited a reduced SC tumorigenicity of threshold
tumor inocula. The selected cells bound monoclonal
antibodies against activation-associated cell surface
molecules including CD25 the IL2-R” chain and asialo
forms of CD45RA a transient marker of T-cell activa-
tion. Thus, NAb may also regulate T-cell activation.
These observations raised the possibility that direct
down-regulation of T-cell activation may contribute
to the beneficial effects of intravenous immunoglobu-
lin (IVIG) against inflammatory and autoimmune dis-
eases in humans. In order to identify the T-cell surface
targets of IVIG, we have produced model human T
cells through TPA treatment of Jurkat T-leukemia cells
with repeated selection for high serum IgG- plus IgM-
binding which mimics the conditions for IVIG action
in patients. Cells produced from the 3rd and 4th se-
quential selections exhibited stable increases in serum
IgG- plus IgM-binding of 28% for J3.1 and 45% for
J4.1. The J4.1 bound at least 45% more IVIG than the
parental cells consistent with their increased binding
of pooled human IgG plus IgM. The J4.1 exhibited a
120% increase in expression of CD45RA. These data
provide the first evidence that human serum natural
IgG plus IgM antibodies and IVIG react with a
CD45RA epitope. The conserved nature of many
NAb and the contribution of endogenous NAb and
passively administered IVIG to the control of im-
mune activation, raise the possibility that the epitope
on CD45RA may be a highly conserved homologous
epitope or homotope of the immune system involved
in health and disease. Supported by the Manitoba Medi-
cal Services Foundation and The Bayer, Canadian
Blood Services, Héma Québec Partnership Fund.
Department of Immunology, University of Manitoba, Winnipeg, MB,
Canada

Ectopic Germinal Centres
in Autoimmune Disease: A Key
to Unlock the Autoimmune Response?
I Stott
Clusters of B and T cells, often with the histological
appearance of germinal centres, are commonly found
within the target tissues of autoimmune diseases such
as synovial membranes in the joints of patients with
rheumatoid arthritis or reactive arthritis, the thyroid
in Hashimoto’s thyroiditis, the salivary glands in
Sjögren’s syndrome and the thymus in myasthenia
gravis patients. Follicular dendritic cells are intimately
associated with these clusters of B and T cells. Many
of the thymic germinal centres of myasthenia gravis
patients stain with acetyl choline receptor showing
that they are a source of autoantibody-producing B
cells. We have analyzed the B-cell response in these
structures in patients with Sjögren’s syndrome and
myasthenia gravis by microdissection, Ig V-gene clon-
ing and sequence analysis. In each case, we have dem-
onstrated that a germinal centre-type response is taking
place, with antigen-driven, clonal B-cell proliferation,
somatic hypermutation and affinity selection. We have
reconstructed the antigen receptors of these germinal

centre-like B cells and will use them to investigate the
effects of somatic mutations on specificity and affinity
for self-antigen, and to test the antigen mimicry hy-
pothesis.
Dept. of Immunology & Bacteriology, University of Glasgow G11 6NT,
Scotland, U.K.

Immunogenetics of Pediatric
Autoimmune Hepatitis
L Fainboim
Type 1 Pediatric Autoimmune hepatitis (PAH) is a pro-
gressive liver disease characterized by the presence of
circulating antinuclear (ANA) and/or anti-smooth muscle
(SMA) autoantibodies, hypergammaglobulinemia and re-
sponse to immunosuppressive treatment. We have re-
cently demonstrated that PAH and adult autoimmune
hepatitis (AAH) have different genetic susceptibility and
clinical characteristics. Within AAH patients, studies in
North America, and England demonstrated that AAH is
associated with HLA-DR3 or HLA-DR4, meanwhile in
Mexico, Japan and Argentina susceptibility to AAH is
associated with HLA-DR4 alleles. In contrast, PAH pa-
tients in Argentina and Brazil are strongly associated with
HLA-DRB1*1301. It was also found that DRB1* allele
1302, which only differ from DRB1* 1301 at position 86
of the DRβ chain confers protection for PAH. Follow-
ing the hypothesis that Hepatitis A virus (HAV) infec-
tion may be a putative trigger for the autoimmune hepatitis,
we investigated wether HLA may also influence the
outcome of an HAV infection. We HLA-typed 67 chil-
dren with self-limiting and 39 with protracted form
(PF) of HAV infection. The uncomplicated forms show
no significant increase of any HLA class I or II alleles.
In contrast, DRB1*1301 was present in 46,1% of the
children with PF (Vs 9.8% in healthy controls; RR:7.6,
X2 33.3, p = 2x10-9). Uncomplicated hepatitis also de-
veloped anti-SMA/actin antibodies in 45% of the in-
fected children, but only one child had detectable
antibodies three months after the infection onset. In
contrast, 69% of the patients with protracted forms
still had anti-SMA/actin antibodies (titres ranged be-
tween 1:40-1:160) one year after the disease onset.
Although 2 patients developed a Hashimoto’s thyroidi-
tis, none of them developed autoimmune hepatitis dur-
ing a 5-years follow-up. These findings indicated that
DRB1*1301 confers a higher susceptibility for pro-
longed forms of HAV infection with a sustained release
of liver self-antigens. However, as they did not devel-
oped PAH we concluded that other still unknown sus-
ceptibility genes are required for the full development
of the pediatric autoimmune hepatitis. We next investi-
gated the cytokines involved in this disease. CD4+ T
cells activated by HLA class II antigens can differenti-
ate into a functional subset termed T helper 1 (TH1)-
type and T helper 2 (TH2)-type cells, identified by
interferon (IFN)-γ and interleukin (IL)-4, respectively.
Similar cytokine profiles have also been described among
CD8+ cells, named as type-1 cytotoxic and type-2
cytotoxic cells. IL-12, which is produced by antigen-
presenting cells such macrophages or dendritic cells
has emerged as a central cytokine in determining the
outcome of the effector TH response. It was demon-
strated that CD4+ T cells require IL-12 not only for
differentiation into functional TH1 cells but also to sus-
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tain memory/effector TH1 cells sufficient to mediate a
biological outcome. Commitment to the Th1 lineage is in
turn enhanced by IFN-γ, which maintain the high ex-
pression of IL-12R while inhibiting the growth of Th2
cells . IL-12 was also shown to play a pivotal role in the
TH1-dependent mouse liver injury. Although normal hu-
man hepatic activated lymphocytes are able to produce
IFN-γ, TNF-α, and/or IL-4, it can be assumed that a
sustained presence of IL-12 should be present to induce
a long lasting biological effect. We demonstrated that
children with autoimmune hepatitis up regulated IL-12,
IL-12R, IL-18, and IFN-γ mRNAs. Particularly inter-
esting was the up regulation of the IL-12 β2 chain. This
chain is not detected in normal liver, but in contrast to the
IL-12α, that is constitutively expressed, the IL-12R β
subunit became expressed after the activation of T cells.
Both IL-2 and IL-12 are required for the induction of
Th1 differentiation. The expression of IL-12 is known to
inhibit the differentiation of activated naïve T cells to-
wards a Th2 phenotype. It is also known that IL-18 acts
synergistically with IL-12 in inducing IFN-γ from T cells
undergoing differentiation to Th1 cells. Our study dem-
onstrated that IL-12 and IL-18, was up-regulated both
at the mRNA and at the protein level. Several findings
suggest that DCs are likely to have a role in the patho-
genesis of autoimmunity. Immature myeloid DC like the
ones resident in the liver are deficient in cell surface
costimulatory molecules, and can exhibit tolerogenic
properties. It would be expected that development of
liver autoimmunity will require the maturation of (DCp)
precursors into a mature DCs able to prime Th1 cells
via the release of IL-12 by DCs. This maturation oc-
curs in response to inflammatory signals evoked by the
interaction of pathogens with the innate immune sys-
tem. We speculate, that the lost of liver tolerance and
development of autoimmune hepatitis could be associ-
ated with an induced maturation of DCp, resulting in
the up regulation of IL-12, IL-12R and IL-18, which in
turn induced the sustained production of IFN-γ associ-
ated with the liver damage.
División Inmunogenética, Hospital de Clinicas, Universidad de Buenos
Aires, Argentina.

Mathematical Modelling and In Vitro
Proliferation Assays Provide Insights
on the Mechanism of Linked
Suppression
J Carneiro
Evidence for T-cell–mediated suppression has been
derived from adoptive transfer experiments where the
tolerant state of an animal is transferred to a naïve
recipient by a particular subset of regulatory CD25+
Th cells. These regulatory Th cells also suppress the
proliferative response of naïve CD25- Th cells in
vitro. Recent evidence suggests that the suppression
requires linked recognition of antigen and simultaneous
conjugation of both regulatory and naïve T cells with
a single antigen-presenting cell (APC). Despite this
strong requirement, it is not yet clear what is the na-
ture of the signals exchanged between regulatory and
naïve cells in multi-cellular conjugates, and what are
the consequences of these interactions for dynamics
of the two cell populations. In this work we investi-
gate this issue by a mixed modelling and experimen-

tal approach. We propose a general mathematical for-
malism describing the formation of multi-cellular con-
jugates, from where we derive particular models
representing alternative mechanisms of T-cell–medi-
ated suppression. We significantly reduced the num-
ber of plausible mechanisms by: 1) Performing phase
plane and bifurcation analysis of the generic proper-
ties of these models and relating these properties to
the results of adoptive transfers; 2) Fitting the models
to the results of in vitro  immunosuppression assays,
based on inhibition of thymidine-incorporation. How-
ever, because several parameters are unconstrained,
the candidate solutions are still very degenerate. In
order to further narrow down the hypothesis, we opti-
mized a proliferation assay in which the number of
cycling cells as well as the number of rounds of divi-
sion are quantified, by the decrease in fluorescent
intensity of CFSE-stained cells measured by FACS.
We developed algorithms for analysis of the histo-
grams of CFSE-stained cells that allowed us to esti-
mate the number of naïve and regulatory cells
conjugated with APCs, as well as the maximal and
effective proliferation rates of the populations of these
cells. Using this new approach we were able to fur-
ther discriminate between competing models for
linked suppression. We conclude that linked suppres-
sion is based on a mechanism in which regulatory
cells prevent the proliferation of naïve cells and the
proliferation of regulatory cells is dependent on naïve
cells. The molecular basis for such mechanisms is
discussed.
Instituto Gulbenkian de Ciência, Oeiras, Portugal.

Control of T-cell Expansion
by Regulatory CD4+CD25+ Cells
J Demengeot
Inflammatory Bowel Disease can be induced in lym-
phocyte deficient animals by adoptive transfer of naïve
CD4 cells isolated from a normal animal. Emergence
of the disease has been associated with colonization
of the intestine by Helicobacter. In such a system, co-
transfer of CD4+CD25+ cells prevents the deleteri-
ous inflammation.

In order to further characterize the function of regu-
latory CD4+CD25+ cells we investigated their com-
petence in controlling other CD4-mediated acute
inflammations. We followed lymphocyte deficient ani-
mals (Rag-/-) infected to various degree with
Pneumocystis carinii (PC) that presented a typical
state of chronic inflammation in the lung tissues.
Analyses of those mice after adoptive transfer of CD4
subpopulations in what concern, health status, sur-
vival, tissue damage and cellularity will be presented.

Taken together our results support the idea that
CD4+CD25+ regulatory cells control deleterious
lymphoproliferation and inflammation. In addition,
they indicate that ongoing inflammation is targeting
deregulated CD4 cells expansion. Moreover, we show
that co-localization and co-expansion of naïve and regu-
latory cells follow rules established by local environ-
ment. This study provide new insights on the mechanism
that leads to tissue specific breakdown of tolerance,
which will be discussed.
Instituto Gulbenkian de Ciencia, Oeiras, Portugal.
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T-cell Regulation During
the Induction Phase
of the Immunoresponse Against
Self-antigens
E Montero,1,2 G Nussbaum,2 J Kaye,2

R Perez,1 A Lage,1 IR Cohen2

Non-deletional mechanisms contribute to maintain-
ing peripheral self-tolerance. This model of domi-
nant tolerance builds upon the persistence of
immunocompetent autoreactive cells in healthy in-
dividuals, controlled by regulatory cells. It has been
shown that transient depletion of T cells with differ-
ent phenotypes promotes the outbreak of several
organ-specific autoimmune diseases, targeted to par-
ticular tissues depending on the genetic background.
However, factors defining the specificity of this au-
toimmune attack remain unknown.

It is well established that antigenic manipulations
that enhance the immunogenicity of self-antigens lead
to the development of experimental autoimmune dis-
eases. Animals spontaneously recover and become
specifically resistant to new episodes of the same
disease. Some experimental evidence supports a role
for T cells in resistance to a second induction of the
disease. However, despite persistent efforts, it has
not been possible to demonstrate in vivo the involve-
ment of peripheral regulation in the induction phase
of antigen specific immunoresponses.

Using different animal models we have addressed
two aspects of this problem. First, the contribution
of distinct T-cell subpopulations to the regulation of
the induction phase of the immunoresponse against
specific self-antigens. Second, to evaluate whether pe-
ripheral expansion of lymphocytes after a transient
immunosuppression is driven by antigen and whether it

is possible to replenish the “lymphoid space” skewed
towards selected specificities.

For this purpose, we studied the effect of transient
depletion of CD4+, CD8+ and CD25+ T cells in the
induction phase of the immunoresponse against epi-
dermal growth factor (EGF) and myelin oligodendro-
cyte glycoprotein (MOG)35-55 peptide in BALB/c
and C57BL/6J mice, respectively.

We found that during the induction phase of the
immunoresponse:
• T-cell depletion enhances in a dose-dependent man-

ner the immunoresponse against the immunized self-
antigen and may strengthen the specific autoimmune
disease development.

• Antigen presentation also contributes to this ef-
fect.

• Induced autoimmune responses against some anti-
gens may modulate in parallel the response against
other self-antigens, in a non-random fashion.

• This effect is associated with a modulation of the
regenerated repertoire against the immunized anti-
gen.

• The regulation may involve different T-cell sub-
populations with variable levels of contribution of
CD4+, CD8+ and CD25+ T cells, depending on
the self-antigen.
These studies fit into the model of dominant toler-

ance and provide evidence for the effective manipula-
tion of natural autoreactivity to enhance specific immune
responses against selected self-antigens. Autoimmu-
nity is emerging as a paradigm for tumor immunity;
however, overcoming the state of immune tolerance or
ignorance of tumor antigens remains a major obstacle.
We are currently evaluating the implications of our find-
ings for cancer therapy.
1Center of Molecular Immunology, Havana, Cuba2Weizmann Institute
of Science, Rehovot, Israels.


