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The concept that vaccination might protect against autoimmune diseases not
demonstrably caused by exogenous pathogens is startling. However, not only
does it have a sound rationale based on the Jerne network theory of idiotype-
anti-idiotype interactions, but it has been proved experimentally with vaccination
against autoimmune encephalomyelitis and adjuvant arthritis.

The perpetrators of autoimmune diseases are
clones of autoimmune lymphocytes. Although
this statement seems self-evident, it conveys a
practical message: Arrest the virulent autoim-
mune lymphocytes and the disease is aborted. My
colleagues and I have learned how to achieve this
goal in experimental animals, using a procedure
termed T-cell vaccination. My object in this article
is to review our results and discuss their poten-
tial application to the bedside.

The idea that motivated our initial experiments
was worked out a century ago by Louis Pasteur,
Robert Koch, and their colleagues as they set out
to disentangle the complexities of infectious
disease, using a reductionist strategy: Isolate the
etiologic agent in pure culture in vitro, and study
its function in vivo. Obviously, an etiologic agent
of autoimmune disease is not an invading mi-
crobe but a native citizen of the body—indeed, a
member of the body’s elite security force. Never-
theless, the idea seemed worth the effort: to grow
in pure culture, as lines and clones, the autoim-
mune T cells responsible for causing a specific
autoimmune disease. Perhaps the cultured auto-
immune lymphocytes could function in vivo.

We, as did others, seized on the discovery that
T-cell growth factors (for the most part interleu-
kin-2) could be used to grow T cells in vitro indef-
initely. Instead of raising T cells with immuno-
response specificity for egg albumin, keyhole-lim-
pet hemocyanin, or other antigens traditionally
used by immunologists, however, we chose to
raise T cells specific for the basic protein (BP) of
central nervous system myelin.

BP was of interest because immunization of

genetically susceptible animals to BP induces
experimental autoimmune encephalomyelitis
(EAE), a disease characterized by mononuclear
cell infiltration of the white matter and paralysis
(Figure 1). It seemed likely that T cells were the
perpetrators of EAE, because the disease could be
transferred to immunologically naive rats by
populations of T cells obtained from rats that
were actively immunized to BP. Our objective was
to isolate clones of anti-BP T cells in pure cul-
ture from such populations of lymphocytes. We
would then investigate whether and how the
clones might cause disease.

Avraham Ben-Nun, then a graduate student in
my laboratory, worked out a method for selecting
clones of T cells specifically reactive to myelin BP.
Its success derived from the fact that T cells may
be induced to proliferate at a high rate by contact
with their specific antigen, presented by suitable
antigen-presenting cells. When the lymph node
cells of BP-immunized rats were cultured with
BP, the T cells with antigen receptors that
recognized BP proliferated at the expense of the
other cells. In a process akin to survival of the
fittest, the anti-BP clones flourished in the con-
fines of the culture dish while all the other cells
languished and disappeared.

All the anti-BP cell clones obtained in this way
bore the CD4 (T4) surface marker of helper/de-
layed-type hypersensitivity T cells and lacked the
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Figure 1. Perivascular infiltrate of mononuclear cells is
seen in brain tissue of a Lewis rat with experimental auto-
immune encephalomyelitis (EAE). A blood vessel runs

CD8 (T8) surface marker of
cytotoxic/suppressor T cells.
These cultured clones of anti-
BP T cells were indeed the etio-
logic agents of EAE: On intra-
venous inoculation, some of the
cells penetrated the blood-brain
barrier, accumulated in the
central nervous system, and
produced EAE within five days.

The disease produced by the
CD4 anti-BP clones could not
be attributed to classic cytoly-
sis, which is associated with
CD8 T cells. The EAE also could
not have been caused by anti-
bodies resulting from a T-B
interaction; no anti-BP anti-
bodies were detected. It seemed
likely that the CD4 T cells me-
diated disease by triggering a
delayed-type hypersensitivity re-
action in the central nervous
system through the activation
of macrophages and other in-
flammatory cells. Supporting
this hypothesis was the fact
that the anti-BP T cells pro-
duced delayed-type hypersensi-
tivity reactions when we inject-
ed BP into the skin. The anti-BP
T cells produced inflammation

58  Hospital Practice February 15, 1989

wherever BP was present.

In addition to antigen-di-
rected inflammation, we dis-
covered that our CD4 anti-BP T
cells could affect nerve conduc-
tion directly. In collaboration
with Yoseph Yarom of the
Hebrew University in Jerusalem,
we incubated various T cells
with rat optic nerves in vitro
and recorded the influence of
the T cells on the conduction of
electrically stimulated action
potentials.

The anti-BP T cells, but not T
cells recognizing other antigens,
were found to reversibly inhibit
nerve conduction. Thus, CD4 T
cells are capable of influencing
myelin function, independently
of their ability to trigger a local
delayed-type hypersensitivity re-
action. How they do this is not
clear, but the phenomenon il-
lustrates the utility of pure cul-
tures of autoimmune T cells as
probes of pathophysiology.

In addition to EAE, we have
raised clones of CD4 T cells ca-
pable of causing other specific
diseases: autoimmune thyroidi-
tis in mice (a model of Hashi-

vertically through the image; the vessel, and the surround-
ing infiltrate, are cut tangentially. Mononuclear inflamma-
tory cells are also scattered throughout the white matter.

moto’s disease) and adjuvant
arthritis in rats (possibly a mod-
el of rheumatoid arthritis).
Other laboratories have devel-
oped T cells that are functional
in EAE in mice, in experimen-
tal autoimmune neuritis, in col-
lagen II arthritis, and in exper-
imental autoimmune uveitis. Ef-
forts to isolate specific T-cell
clones are being made in auto-
immune diabetes and autoim-
mune hepatitis.

On the basis of our experi-
ments, we felt justified in ask-
ing: Could the pathogen be
turned into the preventer? We
had observed that EAE pro-
duced by the anti-BP T cells
was acute, and the rats either
died of paralysis or recovered
completely. The recovery from
EAE was no less interesting
than the disease, because the
survivors were found to have
acquired resistance against
further attempts to induce EAE.
Neither active immunization to
BP nor inoculation with viru-
lent anti-BP T cells produced
EAE in the rats that had recov-
ered from the initial illness.



What was the mechanism of
acquired resistance? Were the
rats purged of T cells that were
capable of reacting to BP?
Clearly not.

From the thymuses of the
EAE-resistant rats we succeed-
ed in isolating the progeny of
the initially administered anti-
BP T cells (confirmed by a sex
chromosome marker in exper-
iments in which male T cells
were inoculated into female re-
cipients). Inoculation of a puri-
fied culture of the T-cell isolate
produced EAE in a second
group of rats. Thus, we demon-
strated serial transfer of EAE
by a pure culture of T cells,
thereby satisfying Koch’s pos-
tulates for incrimination of the
anti-BP T cells as etiologic
agents of disease (Figure 2).

This exercise, beyond its aca-
demic appeal, demonstrated
something of practical impor-
tance: After recovery from EAE,
rats may continue to harbor
potentially virulent T cells and
yet remain healthy and resis-
tant to further disease. Note
here another analogy between
infectious disease and autoim-
mune disease: the asymptomat-

Figure 2. Serial transfer of EAE es-
tablishes that the disease is mediated
by autoimmune T lymphocytes. Male
Lewis rats were injected with myelin
basic protein (BP), which produced
EAE; the animals that recovered were
EAE-immune to further injections.
Lymph node cells from the recovered
animals were cuitured with BP and
interleukin-2, causing anti-BP T cells
to proliferate preferentially. The anti-
BP cells were exclusively CD4 (help-
er) lymphocytes. Injected into naive
(unimmunized) female rats, they
transferred EAE. The females that
recovered persisted in carrying anti-
BP T cells in their lymphoid organs.
These T cells were found to bear the
Y chromosome, thereby proving their
origin from the original inoculum of
male anti-BP T cells. A purified cul-
ture of such cells was capable of
transferring EAE to naive rats.
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ic carrier state. Clearly, then,
the individual is capable of
controlling pathogenic autoim-
mune T cells so that they cause
no harm. Indeed, confined to a
proper place and state of inac-
tivation, autoimmune lympho-
cytes may be as harmless as
normal flora. Achievement of
such control over a patient’s
virulent autoimmune T cells
could constitute adequate ther-
apy of autoimmune disease.

If resistance to EAE could be
induced by contact with viru-
lent anti-BP T cells, might re-
sistance to EAE also be induced
by contact with avirulent T
cells? The success of attenuated
microbial vaccines was our
precedent. Would vaccination
with attenuated anti-BP T cells
activate mechanisms capable of
confining virulent anti-BP T
cells?

The first vaccinations against
EAE were done with anti-BP T
lymphocytes that had been
rendered avirulent by exposure
to irradiation in vitro. Rats re-
ceiving a single inoculation of
about 107 anti-BP T-cell clones
acquired resistance to EAE
without paying the price of first
contracting the disease.

Later, Evelyne Beraud, a visi-
tor from the Faculty of Medi-
cine of the University of Mar-
seille, France, and Ofer Lider,
then a graduate student, found
that vaccination could be
achieved by inoculating ani-
mals with unirradiated clones
of virulent T cells, using doses
of T cells below the threshold
number required to produce
EAE (10* or fewer cells). The
rats responded to subenceph-
alitogenic numbers of anti-BP
T cells and acquired marked
resistance to later administra-
tion of an otherwise lethal dose
of the same anti-BP T cells.
Resistance was evident about a
week after vaccination and
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lasted without waning for as
long as we tested it.

What is the mechanism of
resistance induced by T-cell
vaccination? How does the
body actually subdue a patho-
genic dose of autoimmune T
cells? Experimental evidence
suggests that the immune sys-
tem itself inhibits the auto-
immune clones by recognizing
the anti-BP antigen receptors
as if they were themselves anti-
gens (idiotypes).

Nils Jerne has argued that
the number of different antigen
receptors in the immune system
is so great (on the order of
millions) that the receptors
themselves must belong to the
world of antigens recognizable
by the totality of receptors. That
the antigen receptors of B lym-
phocytes (antibodies) could be
recognized by other B lympho-
cytes was experimentally de-
monstrable. Going a step be-
yond the findings, Jerne pro-
posed that the immune system
is regulated physiologically by
mutual recognition among lym-
phocytes. The exogenous anti-
gen sets off an immune re-
sponse by intercalating itself
within a network of interacting
lymphocytes. The dynamics of
the response, immunologic mem-
ory, and other system complexi-
ties are generated by this anti-
idiotypic network.

Whether or not the Jernean
network actually works as pro-
posed, three lines of evidence
are compatible with the idea
that resistance to autoimmu-
nity induced by T-cell vaccina-
tion involves anti-idiotypic im-
munity. First, vaccination was
found to induce highly specific
suppression of disease. For
example, rats vaccinated with
anti-BP T cells gained strong
protection against EAE but not
against autoimmune arthritis;
conversely, T cells related to ar-

thritis antigens protected rats
against arthritis but not against
EAE. T cells that recognized dif-
ferent peptides on the BP mole-
cule preferentially protected rats
against EAE that had been
produced by immunization to
the particular portion of BP
they recognized. The specificity
of the T-cell receptor of the vac-
cine to a large degree dictated
the specificity of resistance in-
duced by vaccination.

Second, vaccinated rats de-
veloped T cells that proliferated
when incubated with the auto-
immune T cells used for vacci-
nation. The responding T cells
could distinguish between au-
toimmune T-cell clones causing
EAE or arthritis. This response
indicated that vaccinated rats
possessed anti-idiotypic T cells.

Third, resistance to a particu-
lar autoimmune disease could
be transferred from vaccinated
rats to immunologically naive
rats by injection of the anti-
idiotypic population of T cells.
The experiment involved the
following steps: Vaccination
with anti-BP T cells in the
hindfoot pads generated anti-
idiotypic T cells that were tran-
siently confined to the regional
popliteal lymph nodes. Several
days later, the anti-idiotypic T
cells spread to other lymphoid
organs. By surgically removing
the popliteal lymph nodes at an
early stage, we could remove
the cell population containing
the anti-idiotypic T cells and
transfer the cells from one rat
to another (Figure 3). Both the
donor rats and the recipient
rats were then challenged with
a lethal dose of anti-BP T cells.
The donor rats were found to
have lost their resistance to
EAE, while the recipients of the
anti-idiotypic lymph node cells
gained resistance.

In no instance have we suc-



ceeded in demonstrating anti-
idiotypic antibodies in vacci-
nated rats or mice. The resis-
tance has to be accounted for
by T cells.

What kinds of anti-idiotypic
T cells are generated by T-cell
vaccination, and how might
anti-idiotypic T cells mediate
resistance to disease? By clon-

ing the lymph node cells of vac-
cinated rats, Lider was able to
isolate both CD4 clones and
CDS8 clones of anti-idiotypic T
cells. In vitro, the CD4 clones
stimulated anti-BP T cells, even
in the absence of the BP anti-
gen. In contrast, the CD8 clones
were observed to suppress the
proliferative response of the

anti-BP T cells to BP. As yet we
do not know whether the stim-
ulatory clones function in the
animal to enhance the disease
or to inhibit it.

Hartmut Wekerle and his col-
leagues at the Max Planck Mul-
tiple Sclerosis Unit in Wiirzburg
isolated from post-EAE rats a
clone of CD8 T cells that specif-
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Figure 3. Role of anti-idiotypic T cells in protection
against EAE is supported by an experiment in which such
cells transferred immunity. Rats were vaccinated in the
hindfoot pad; then their popliteal lymph nodes were
removed at a time when T cells specific for the antigen
receptor on anti-BP T cells had appeared in those nodes

but not elsewhere. The lymphocyte population of the
excised nodes conferred immunity on the recipient ani-
mals. In contrast, the animals whose anti-idiotypic lympho-
cytes had been removed showed no immunity despite
prior vaccination. Leaving the lymph nodes in place in
vaccinated animals led to lasting resistance to EAE.
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Figure 4. Preparation of a T-cell vaccine begins with isolation of autoimmune
CD4 lymphocytes. Presentation of the specific self-antigen activates the lym-
phocytes; the actual events, not yet understood, are schematized by T-cell
expression of an “activation molecule.” A cross-linker, such as formaldehyde,
then aggregates the cell membrane components. The activated, cross-linked
cells serve as the vaccine. In the recipient animal, the cells apparently induce
proliferation of anti-idiotypic T cells: CD4 (helper) and CD8 (cytolytic/suppres-
sor) lymphocytes directed against the donor lymphocytes’ antigen receptor.
The CDB8 cells keep autoimmune T cells in check by nonlethal means and per-
haps also lytically. Actions of the anti-idiotypic CD4 cells are unclear.

62  Hospital Practice February 15, 1989

ically recognized anti-BP T cells.
These anti-idiotypic CD8 T cells
lysed the anti-BP T cells in vitro
and protected rats from EAE in
vivo. Thus, some anti-idiotypic
T cells might bolster resistance
to autoimmune disease by ac-
tually killing the autoimmune
clones. This is unlikely to be
the whole story, however. As I
noted above, potentially virulent
anti-BP T cells were able to
persist in resistant rats. Per-
haps the immune system de-
ploys mechanisms for holding
T cells in check without killing
them (suppressor cytokines?).

How do anti-idiotypic T cells
become immunized to the T-
cell vaccine’s receptor? We do
not know the definitive answer
to that question, but it seems
that several factors are involved.
The T-cell receptor may be the
target of resistance, but it is
itself not a compelling vaccine;
the T cells must be in a state
of activation to elicit an anti-
receptor response. At present, a
state of activation can be de-
fined only operationally: Activa-
tion means that the vaccinat-
ing T cells had to have been ex-
posed to their specific antigen
or to a T-cell mitogen growth
factor within three days of their
use as vaccine (Figure 4).

Our ignorance about activa-
tion notwithstanding, its effect
is impressive. Ten thousand ac-
tivated anti-BP T cells vaccinate
with dramatically greater effec-
tiveness than 50 million unac-
tivated anti-BP T cells of the
same clone. Thus, the signal for
vaccination not only is the
antigen receptor but also must
include an element induced by
activation of the T cells. It
makes sense physiologically for
the immune system to be re-
ceptive to activated T cells; a T
cell with a receptor for self-
antigen will cause little harm
unless the T cell is activated.



Hence, homeostasis demands
that the immune system should
be designed to recognize wheth-
er a potential autoimmune T
cell is activated or not.

In collaboration with Meir
Shinitzky of the Department of
Membrane Research in the
Weizmann Institute, we have
also discovered that the capac-
ity of activated T cells to vac-
cinate is markedly enhanced
when components of the cell
membrane are aggregated. Ag-
gregation is readily brought
about by treating the T cells
with hydrostatic pressure or
chemical cross-linkers such as
formaldehyde or glutaraldehyde.
In many cases, in fact, auto-
immune T cells will not induce
resistance to their disease un-
less the cells have been both
activated and treated with a
suitable cross-linker. Once the
cells have been so treated, even
their isolated membranes can
vaccinate effectively. Thus, the
signals required for induction
of protective, anti-idiotypic im-
munity appear to be composed
of the antigen receptor, factors
related to the state of activation
of the T cells, and aggregation of
these cell membrane molecules.

The potential of T-cell vacci-
nation for clinical use depends
on a variety of factors—among
them the ease of constructing
the vaccine and the capacity of
vaccination to modify the pa-
tient’s already established dis-
ease. Fortunately, vaccination
can be done with crude popula-
tions of lymphocytes obtained
directly from immunized or sick
animals. It is sufficient that the
population of lymphocytes con-
tain the relevant autoimmune
cells, even in relatively low con-
centrations. The autoimmune
T cells are selectively activated
on culture with the specific
self-antigen. Therefore, when
the lymphocyte population is

Figure 5. Adjuvant arthritis, a protracted experimental autoimmune disorder,
offers opportunities to administer T-cell vaccine to animals with established
disease. Here the hindpaws of a healthy Lewis rat (left) are contrasted with
those of a Lewis rat in which adjuvant arthritis was induced by inoculation with
kilied organisms of Mycobacterium tuberculosis (right). The antigen provoking
the autoimmune reaction in adjuvant arthritis appears to be a bacterial heat-
shock protein immunologically cross-reactive with a joint self-antigen.

then treated with cross-linking
agents such as formaldehyde or
glutaraldehyde, only the acti-
vated autoimmune T lympho-
cytes within the cell population
induce anti-idiotypic resistance.

For clinicians, the promising
aspect of T-cell vaccination is
that—experimentally, at least—
it can induce lasting remission
of established autoimmune dis-
ease. Hence, somewhat para-
doxically, T-cell vaccination can
be therapeutic rather than pro-
phylactic. This was seen in
studies of adjuvant arthritis in
rats (Figure 5), an autoimmune
disease triggered by immuno-
logic cross-reactivity between a
microbial heat-shock protein
and a self-antigen present in
the joints.

Unlike EAE, adjuvant arthri-
tis is a protracted disease and
offers an opportunity to admin-
ister T-cell vaccines as treat-
ment after the arthritis has
been established. Initial exper-
iments in rats showed that a
clone of arthritogenic T cells,
suitably activated and exposed

to a chemical cross-linking
agent, could induce rapid and
continuing remission of exist-
ing arthritis.

Subsequent experiments were
done with lymph node cells ob-
tained from arthritic rats rather
than with selected, purified T
clones. Here, too, activation of
the cells and cross-linking of
their membranes endowed
them with the capacity to in-
duce remission of established
arthritis in other, genetically
identical rats (Figure 6). Suc-
cessful treatment of the arthri-
tis was accompanied by en-
hanced T-cell reactivity against
arthritogenic T clones and de-
pression of T-cell responses to
the arthritogenic antigen,
which is suggestive of an anti-
idiotypic response.

In view of its effectiveness in
animal models, how can T-cell
vaccination be put to use? Un-
fortunately, the answers to
many important questions will
become apparent only through
clinical experience. Which T
cells can or should be taken for
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Figure 6. Remission of adjuvant arthritis after T-cell
vaccination was documented by electron microscopy of
the talotibial joint in vaccinated animals. A group of Lewis
rats were rendered arthritic by injection of killed Myco-
bacterium tuberculosis. Lymph node cells from some of
the group were activated and exposed to a cross-linking
agent in vitro; the resulting vaccine was injected into other

animals of the group, which went into lasting remission.
Their cartilage, examined at six months, is essentially
healthy (left). The unvaccinated rats developed chronic
arthritis. In them, the articular surface is grossly disorga-
nized (right), with penetration of cationized ferritin (dark
spots) into the cartilage. The tissue was examined by Ritta
Stanescu of the Hopital des Enfants-Malades, Paris.

preparation of the vaccine: in-
tralesional cells, regional lymph
node cells, or peripheral blood
cells? How best can the T cells
be stimulated and expanded: by
specific antigen or by nonspecif-
ic mitogens? What can be done

to selectively activate the auto-
immune T cells when the spe-
cific self-antigen is unknown,
as is the case in many autoim-
mune diseases? Should human
T cells be cross-linked, and with
what reagents? What dose of
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cells should be administered?
Is boosting required? How best
can T-cell vaccines be stored?
How can one monitor whether
the vaccination has taken?

A most important unknown
is the hazard. No untoward re-
actions have been observed in
many hundreds of animals
treated with T-cell vaccination,
but human beings might differ
in their response to vaccination.
Could T-cell vaccination inad-
vertently induce suppression
not only of the autoimmune T
cells but also of T cells needed
to resist foreign microbes or
tumor cells?

At present, autoimmune dis-
eases are incurable, and many
are life threatening or cruelly
painful and disabling. It would
seem, therefore, that we are
obliged to confront these ques-
tions while proceeding cautious-
ly. Indeed, a number of centers
have undertaken protocols for
phase I trials in several auto-
immune diseases, including
multiple sclerosis and rheuma-
toid arthritis. 0O



