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THIS CHAPTER is a sequel to “Autoimmunity and Suppressor T
Lymphocytes,” a review that appeared in Advances in Internal
Medicine 2 years ago.' The authors of that earlier review cata-
logued nonspecific suppressor cell functions in a number of au-
toimmune diseases but concluded that this approach

resembles that of a man who searches for his lost key beneath a lamp post
because ‘that’s where the light is.” We believe that satisfactory explanations
of the origin of autoimmune diseases will not develop from the studies of
nonspecific phenomena that presently dominate the field. Our review thus
tends towards pessimism, but there is an optimistic note. New developments,
such as hybridoma technology and the ability to maintain cloned lympho-
cytes in tissue culture, have already had a powerful impact on basic immu-
nology. They are just now finding applications to studies of autoimmune dis-
orders. . . . ,

The present chapter summarizes recent investigations em-
ploying hybridoma antibodies, long-term cell cultures, and
other techniques for isolating and studying specific immuno-
logic effectors. These methodologies, combined with a deeper
appreciation of the organization of the immune system, have
made it possible to investigate the autoantibodies and auto-
reactive T lymphocytes that are the specific agents of autoim-
mune disorders. Isolation of the pathogenic agents of disease is
a significant step toward their specific control.

Physiologic Autoimmunity

Autoimmunity in its most general sense refers to the recog-
nition by antigen receptors of the immune system of normal
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components of the individual. It was once taught that recogni-
tion of self was inadmissible, as it would surely threaten the
body with self-destruction by autoimmune disease.2 However,
it is now quite certain that far from being forbidden, recogni-
tion of self is essential to the normal physiology of the immune
system.? Physiologic autoimmunity is evident in two aspects of
immune behavior: recognition of self antigens of the major his-
tocompatibility complex (MHC), and recognition of antigen-
binding receptors in network regulation of the immune re-
sponse by anti-idiotypic immunity.

Receptor-bearing T lymphocytes normally respond to their
specific foreign target antigens in association with products of
self MHC genes.* For example, cytotoxic T lymphocytes respon-
sive to viral antigens will kill virus-infected target cells only
when the target cells also present self MHC antigens.’ Recog-
nition of self MHC antigens has been documented in the re-
sponses to a wide varie%)igof antigens and seems to be a general
rule for T lymphocytes.”® Even target self antigens in autoim-
mune disease are recognized in specific association with MHC
allelic products. Autoimmunity to thyroglobulin can be easily
induced in most strains of mice. However, whether a target
thyroid gland is susceptible or resistant to autoimmune attack
was found to be determined by the nature of the self MHC.°

Another requirement for recognition of self MHC antigens
can be observed in interactions between antigen-presenting
macrophages and T lymphocytes'® or between helper T lympho-
cytes and the B lymphocytes whose antibody production they
regulate.’ Different loci in the MHC appear to specialize in
regulating particular types of cell interactions. Self class I
genes (HLA-A, B, or C in humans; H-2K or D in mice) are rec-
ognized by cytotoxic T lymphocytes as they attack their target
cells, while self class IT genes (HLA-DR or H-2I) are recognized
by T lymphocytes of the helper and delayed hypersensitivity
types.* 12

How the molecular products of MHC genes work is not clear,
but the logic of the phenomenon can be understood if one con-
siders the critical role of self-recognition in any organized so-
ciety, be it of lymphocytes, insects, or humans. Transfer of in-
formation between individuals requires that each recognize its
fellows and their places in the hierarchy of the society. An
army of people or ants cannot carry out orders and fight effec-
tively against the enemy unless each soldier is able to recog-
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nize the uniform and rank of his superior and inferior associ-
ates, as well as the colors of the enemy. Self-recognition is a
prerequisite for organized transfer of information between the
individual components of any system. In a general sense, we
may say that the products of MHC genes function as physio-
logic signals that help organize the transfer of information be-
tween cells in the immune system.

One may ask, therefore, why call recognition of self MHC
autoimmunity? Isn’t recognition of self MHC conceptually sim-
ilar to other, clearly not autoimmune forms of signal transfer
between cells, such as those governing the endocrine system,
differentiation of stem cells, etc.? The answer is that the pro-
cess of recognition of self MHC structures, although in the ser-
vice of cell cooperation bears the hallmarks of true adaptive
immunity. The receptors that recognize self MHC seem to be
clonally distributed among classes of lymphocytes. Heterozy-
gotes at the MHC, that is, most outbred individuals, have al-
ternate subpopulations of T lymphocytes that recognize the
universe of antigens; each subpopulation sees the antigenic
universe exclusively in association with one or another MHC
allelic product as a self signal for cell cooperation.® In theory,
the T lymphocyte receptor repertoire for target antigens is re-
dundant for each self MHC gene allele (Fig 1). In practice, par-
ticular target antigens may be recognized more readily in as-
sociation with one of the individual’'s MHC allelic products
than with the other.'* If this turns out to be a general rule, it
would explain the advantage in being a heterozygote at the
MHC; if one MHC allelic product doesn’t “associate” well with
an invading antigen, the other might. A homozygote with the
same MHC gene on both chromosomes lacks this insurance.
For everyone to be an MHC heterozygote requires a very large
degree1 2of MHC polymorphism in the species, and this is the
case.”

Another singular characteristic of the MHC is that its func-
tion as a signal for cell cooperation is plastic and influenced by
the environment in which the lymphocytes have differen-
tiated.” !5 16 Lymphocytes can “learn” to relate to particular
MHC products as legitimate interaction signals. Under certain
circumstances foreign MHC antigens, usually the most irresist-
ible targets of immune attack,'? can be observed to function as
self MHC signals for cell cooperation.'” This adaptive flexibility
and clonal diversity of recognition distinguishes self MHC
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products from other physiologic recognition systems and de-
fines the MHC as a subject of immunologic recognition. Thus,
recognition of self MHC is true autoimmunity, even though it
may produce healthy cell cooperation rather than disease. Why
this is so is a mystery.

The anti-idiotypic network is a second example of physiologic
autoimmunity. It appears that lymphocytes can recognize the
antigen receptors or antibodies (idiotypes) produced by other
lymphocytes.'® The resulting response to specific idiotypes may
be expressed as anti-idiotypic antibodies or T lymphocytes (Fig
2). The essence of the network idea is that anti-idiotypes regu-
late the expression of idiotypes.'® The network notion of regu-
lation has yet to be verified in all its details, but it is certain
that idiotypes can function as self antigens and that anti-idi-
otypes are a form of autoimmunity that can influence the na-
ture of immune responses to antigens.?% 2!

Anti-idiotypes can be seen as a necessary result of the astro-
nomical number of diverse antigen receptors generated by the
mutation and recombination in lymphocytes of the relatively
small number of primary genes carried in the germ cells.?? It
is estimated that hundreds of millions of different receptors

Fig 1.—Separate subpopulations of T lymphocytes are restricted to recognizing an-
tigens in association with specific MHC allelic gene products.
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Fig 2.— Anti-idiotypic antibodies interact with the variable regions of idiotypic an-

tibodies. Anti-idiotype “a” is complementary to the antigen-binding site of the idiotype
and so mimics the structure of the antigen. Anti-idiotype “b” interacts with the vari-
able region of the idiotype outside the binding site for antigen and does not mimic the
structure of the antigen.

and antibodies can be produced by these processes. The power
and uniqueness of the immune system are founded on the vir-
tually unlimited number of structures that can be potentially
recognized, that is, bound, by such a vast repertoire of recep-
tors. Antigens are defined operationally by their binding to im-
munologic receptors. There are so many different receptors for
antigens that any biologic structure should be able to be rec-
ognized as an antigen by one or more complementary receptor
combining sites. By the same logic, antigen receptors them-
selves should be recognizable as antigens (idiotypes) by com-
bining sites of one or more other, anti-idiotypic receptors. Dif-
ferent parts of the variable region of a receptor may be
recognized as idiotypic, including the binding site for antigen.??
An anti-idiotype that is complementary to the idiotype of the



152 LR. COHEN

binding site for antigens could mimic the structure of the an-
tigen (see Fig 2) and enhance® or suppress® the idiotypic re-
sponse to that antigen.

Network autoimmunity differs from MHC autoimmunity in
that the idiotype is the target antigen, while MHC gene prod-
ucts are cellular interaction signals seen in association with
some other target antigen. Both of these autoimmune processes
are physiologic and tend to promote health.

Pernicious Autoimmunity

When recognition of target self antigens produces disease we
may define the autoimmune reaction as pernicious rather than
physiologic. Disease usually results from damage caused by in-
flammation, edema, phagocytosis, cytotoxicity, fibrosis, calcifi-
cation, and other processes that are triggered in the wake of
immunologic recognition. In some situations disease can follow
the binding of autoantibodies to very sensitive structures such
as hormone receptors (see below), but most forms of autoim-
mune disorders are inflammatory. The molecular connection
between immunologic recognition and inflammation is beyond
the scope of this discussion.

MOLECULAR MIMICRY AND PERNICIOUS AUTOIMMUNITY

Some evidence suggests that certain foreign antigens may
trigger an autoimmune disorder because they look like, or
mimic the structure of self antigens. This might be the case for
DNA antibodies in systemic lupus erythematosus (SLE).
Shoenfeld and his colleagues isolated monoclonal hybridoma
DNA antibodies from SLE patients by fusing peripheral blood
or splenic lymphocytes with a suitable human lymphoblastoid
line.?® Of 30 monoclonal antibodies selected for their binding to
denatured DNA, 18 also reacted with other polynucleotides and
10 bound both nucleic acid antigens and the phospholipid car-
diolipin. DNA and cardiolipin both have a sugar-phosphate
backbone, and it is likely that the shared antigenic determi-
nant is made of appropriately spaced phosphodiester phsophate
groups.”” This cross reactivity could explain the biologically
false positive test for syphilis, due to cardiolizgin antibodies,
that occurs frequently in patients with SLE.” More impor-
tantly for our discussion, the immunologic cross reactivity be-
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tween DNA and cardiolipin implies that production of antibod-
ies that recognize DNA does not require immunization with
DNA itself. This conclusion is supported by the finding that
mice immunized with cardiolipin groduced antibodies that
bound DNA as well as cardiolipin.?’ Hence, it is conceivable
that the DNA antibodies in the blood of some SLE patients
may have arisen in response to cardiolipin or some related an-
tigens introduced by microbial infection.?® In any case, mono-
clonal techniques provide a powerful tool to analyze the fine
specificities of individual autoantibodies.®®

Adjuvant arthritis is an autoimmune disease of rats that is
strikingly similar in ?athology and clinical course to human
rheumatoid arthritis.?!- 32 In this case the autoimmune arthri-
tis is triggered by immunizing MHC genetically susceptible
rats®® with a mixture of Mycobacteria tuberculosis bacteria
emulsified in oil, known as complete Freund’s adjuvant.

Adjuvant arthritis is an autoimmune process because the dis-
ease can be transferred to normal reci?ient rats by lymphocytes
in the absence of bacterial antigens.®* An important question
is the origin of the autoimmunization: do mycobacteria have
antigens that cross-react with self-antigens of rat joints, or does
the inflammation caused by the mycobacterial adjuvant expose
the rats to their own self antigens? To answer this question it
was necessary to isolate the lymphocytes producing adjuvant
arthritis and to study their capacity for recognition. From rats
immunized with complete Freund’s adjuvant, Holoshitz and his
colleagues in my laboratory isolated T lymphocytes that re-
sponded to mycobacterial antigens and grew the lymphocytes
as antigen-specific cell lines.*® We found that such antibacte-
rial T lymphocytes produced arthritis on intravenous inocula-
tion into normal recipient rats. Single clones of T lymphocytes
responding to specific mycobacterial antigens were also capable
of producing severe and prolonged arthritis,®® proving that the
same T lymphocyte can be bacterially immune and perni-
ciously autoimmune at one and the same time. The target an-
tigenic determinant has not yet been identified but it is pre-
sumably a molecule whose structure is shared in part by M.
tuberculosis and a substance in the joints of rats. Hence, adju-
vant arthritis might be explained by molecular mimicry be-
tween the host and a bacterial parasite. Lines of T lymphocytes
selected for their reactivity to tuberculin did not produce ar-
thritis, suggesting that the putative cross-reactive antigen is
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not tuberculin.’® Trentham and co-workers have suggested that
the autoantigen in adjuvant arthritis is collagen type II. This
conclusion was based on the observation that rats with adju-
vant arthritis demonstrate immunity to collagen type II*’ and
that direct immunization to collagen type II itself can induce
autoimmune arthritis.?® Patients with rheumatoid arthritis
also show immunity to collagen type I1.3° However, lizuka and
Chang concluded that adjuvant arthritis and collagen type II
arthritis were distinct entities, because rats can be rendered
resistant to adjuvant arthritis while remaining susceptible to
collagen type II arthritis.*

Why only rats of some MHC genotypes respond to M. tuber-
culosis inoculation by arthritogenic autoimmunity is unknown
but may be related to the nature of antigenic determinants se-
lected to be the targets of the immune response. The process of
selection of antigenic determinants appears to be regulated in
some way by MHC gene products.*’ The association of some
types of arthritis in humans with the HLA-B27 and with mi-
crobial infection*? is worthy of note.

The HLA-B27 allele occurs in 6%—8% of the human popula-
tion of European origin, but it is present in 95% of individuals
suffering from ankylosing spondylitis and in a high frequency
of patients with Reiter’s syndrome.*3~*5 Infection with enteric
bacteria, such as Shigella® or Yersinia,*” or with Chlamydia®®
has been associated with development of Reiter’s syndrome.
Ankylosing spondylitis has a peculiar association with Klebsi-
ella. Not only is arthritis related to infection, but certain iso-
lates of Klebsiella seem to share antigenic specificity with an-
tigens on the lymphocytes of ankylosing spondylitis or Reiter’s
syndrome patients bearing the HLAB27 allele.*® Antisera to
these Klebsiella organisms were found to be cytotoxic for the
lymphocytes of B27-positive patients. The reason for this is not
clear, and it appears that B27 lymphocytes might actually be-
come modified by contact with bacterial antigens.’® In any case,
there is strong circumstantial evidence implicating infection in
the onset of some forms of arthritis, probably autoimmune, in
individuals of certain genotypes. Thyroid disease of autoim-
mune nature also has been associated with antibodies to
Yersinia® and with immunization to streptococcal antigens.5?
Rheumatic fever is another disease of possible autoimmune
etiology that is triggered by bacterial infection® and might in-
volve an immunologic relationship between cardiac muscle and
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the group A streptococcus.’® One way to explain these phenom-
ena is based on the likely supposition that many bacteria, vi-
ruses, and other foreign substances in the environment bear
foreign antigenic determinants together with antigenic deter-
minants that mimic the structure of a self antigen of the host.
Most individuals respond to the foreign antigenic determinants
and not to the self cross-reactive determinants; but some, by
chance or by possession of an unfortunate constellation of MHC
or other genes, mount a strong response against the self-mim-
icking determinants and so acquire an autoimmune disorder.
According to this argument, adjuvant arthritis and ankylosing
spondylitis are archetypical autoimmune disorders. The fact
that most individuals ignore self antigens even when presented
on foreign invaders might explain why many well-adapted par-
asites disguise themselves with a coat of antigens that mimic
those of their hosts.®®

Structural mimicry can give rise to pernicious autoimmunity
in yet other ways. As discussed above, an anti-idiotypic anti-
body can mimic the structure of the antigenic determinant rec-
ognized by the idiotype (see Fig 1). This fundamental principle
of the idiotype—anti-idiotype network was found to be respon-
sible for auteimmunity to a hormone receptor. It was observed
that mice immunized to pork or beef insulins developed auto-
antibodies to their own insulin receptors, as well as antibodies
to the immunizing insulin.?®

It was obvious why the mice made insulin antibodies, as in-
sulin was the immunogen. The autoantibodies that they made
to the insulin hormone receptor turned out to be anti-idioty;)es
directed to specific idiotypes among the insulin antibodies.?" 58
These idiotypic antibodies apparently were complementary to
the conformation of that part of the insulin molecule that fit
into the insulin hormone receptor. Hence, the anti-idiotypic an-
tibodies that were complementary to these idiotypes mimicked
the conformation of insulin itself and so could bind to the in-
sulin receptor, as it were, by accident (Fig 3). The anti-idi-
otypes suppressed production of the idiotypic insulin antibodies
and, from this point of view, were a classic example of positive
physiologic autoimmunity generated by the network. However,
these same anti-idiotypes induced diabetes in the mice by bind-
ing to insulin receptors and disrupting their normal function.
From this point of view, the anti-idiotypic antibodies were per-
petrators of pernicious receptor autoimmunity; note, in the ab-
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Fig 3.—An anti-idiotypic antibody to an idiotypic insulin antibody can act as anti-
receptor antibody to the insulin receptor. The anti-idiotypic antibody mimics the struc-
ture of insulin and so can bind to insulin receptors. Such an anti-idiotype is physiologic
when it regulates expression of the idiotype and pernicious when it causes diabetes by
interacting with the insulin receptor.

sence of inflammation. In short, physiologic autoimmunity and
pernicious autoimmunity were operationally defined by their
contrasting effects, although these effects could have been me-
diated by a single molecular species. Network generation of
pernicious autoimmunity has not yet been discovered in human
disease, but the mouse study would suggest that an individual
with Graves’ disease,” for example, may have produced TSH
receptor antibodies as anti-idiotypes to TSH autoantibodies or
to other antibodies made in response to an antigenic determi-
nant that mimics the conformation of TSH.

COVERT AUTOIMMUNITY

Recent experiments indicate that potential agents of perni-
cious autoimmunity can exist in a quiescent state in well indi-
viduals. By using labeled self antigen it has been possible to
demonstrate that healthy humans and animals of various spe-
cies are populated with lymphocytes that bind self antigens.%
Moreover, it has been shown that treatment of populations of
normal lymphocytes with nonspecific, polyclonal activators can
induce the secretion of autoantibodies to a variety of self anti-



AUTOIMMUNITY: PHYSIOLOGIC AND PERNICIOUS 157

gens.®! Gleichmann and his associates have been able to induce
a number of autoimmune diseases in mice in whom they caused
chronic graft-versus-host reactions.®? These findings imply that
autoreactive lymphocytes are ubiquitous and can be turned on
by nonspecific signals.

What is the natural hisotory of autoreactive lymphocytes?
How are they held in a state of subclinical quiescence? Does
turning them on always lead to disease? Information providing
partial answers to these questions is beginning to accumulate.
My associates and I have adapted relatively new cell culture
techniques to grow autoimmune T lymphocytes as cell lines.
The development of a T lymphocyte line requires that the lym-
phocytes have a history of having been activated by immuni-
zation to the specific antigen. Therefore, isolation of a T lym-
phocyte line in vitro is itself evidence that the original
progenitor cells of the line had been in a state of immune dif-
ferentiation.

Much of our work has centered on a disease called experi-
mental autoimmune encephalomyelitis (EAE) in rats. This dis-
ease, characterized by mononuclear cell infiltration of the CNS
and paralysis, can be induced by immunizing genetically sus-
ceptible animals to the basic protein (BP) antigen of myelin.®®
EAE is usually clinically acute, and affected rats either die or
spontaneously recover from paralysis. Rats that have recovered
from EAE acquire specific resistance to subsequent attempts to
induce the disease by repeated immunization to BP, We found
that potential EAE effector T lymphocytes could be rescued in
vitro as cell lines from the lymphoid organs of rats that had
recovered from EAE and that were resistant.®* Thus, recovery
and resistance took place in the face of persisting autoreactive
T lymphocytes. That these recovered anti-BP T lymphocytes
could be pernicious was proved by the fact that they caused
EAE on intravenous inoculation into normal recipient rats.
Suppression of the resident anti-BP effector T lymphocytes and
acquired resistance to EAE were attributable to the presence
of other lymphocytes that recognized specifically the anti-BP T
lymphocytes, suggesting that suppression of EAE might result
from a process of anti-receptor or anti-idiotypic immunity to
lymphocytes with receptors for self-BP. Thus, physiologic net-
work autoimmunity appeared capable of suppressing cellular
agents of pernicious autoimmunity.

We also succeeded in isolating covert anti-BP effector T lym-
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phocytes from well rats that were genetically resistant to ac-
tive EAE® and from rats that had been immunized to BP in an
innocuous form.** Hence, potential producers of EAE could be
seen to develop covertly and remain silent in healthy rats.

To trace the migrations and organs of residence of EAE effec-
tor T lymphocytes, we tagged anti-BP line cells with a radio-
active label and injected them into recipient rats.®® The rats
came down with EAE and spontaneously recovered. As ex-
pected, onset of disease was accompanied by the accumulation
of line cells in the brain and spinal cord, as well as in the liver
and spleen. Line cells reactive to other antigens were never
found in the CNS. Unexpectedly, some of the line cells mi-
grated to the thymus and persisted there for months after the
rats had recovered from EAE. The line cells were rescued and
found to cause disease in new recipient rats.

These experiments made possible by T lymphocyte line meth-
odology indicate that autoreactive lymphocytes may cause
transient autoimmune disease and persist despite clinical re-
mission, that development of potential autoimmune effector T
lymphocytes does not necessarily lead to clinical disease, and
that subclinical autoimmunity occurs in a variety of circum-
stances.

PHYSIOLOGIC AUTOIMMUNITY AGAINST
PERNICIOUS AUTOIMMUNITY

More evidence is needed to ascertain whether spontaneous
anti-idiotypic immunity is a natural barrier to pernicious au-
toimmunity. In any case, it is worthwhile investigating
whether anti-idiotypic autoimmunity can be used as a medical
procedure to modify or suppress autoimmune diseases. One
strategy would be to isolate pernicious autoantibodies or auto-
reactive lymphocytes and exploit them as immunogens to in-
duce suppression of endogenous idiotypes. Binz and Wigzell
used anti-idiotypic immunity to receptors for MHC antigens to
produce partial tolerance in rats to specific allogeneic grafts.?!
Until now this approach has been used in experimental models
of autoimmune disease in two variations: passive administra-
tion of preformed anti-idiotypic antibodies, and active immu-
nization of the experimental subject to the idiotypes.

Autoimmune tubulointerstitial nephritis is produced in
guinea Pigs by immunizing them with tubular basement mem-
brane.®” The disease is characterized by mononuclear cell infil-
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tration in the renal cortex, which seems to be mediated by
autoantibodies to the tubular basement membrane. Brown and
co-workers succeeded in inhibiting the development of disease
by passive transfer of anti-idiotypic antibodies administered at
the time of immunization to basement membrane.”

Zanetti and Bigazzi alleviated the spontaneous autoimmune
thyroiditis of Buffalo strain rats by administering to suble-
thally irradiated rats rabbit anti-idiotypic antibodies directed
against rat thyroglobulin antibodies, the etiologic agents of dis-
ease.’® Although repeated inoculations with anti-idiotypic an-
tibodies were required, the results are encouraging because
they show that ongoing, spontaneous autoimmunity can be par-
tially suppressed by passive administration of anti-idiotypes.

A third autoimmune disease that has been successfully mod-
ified by anti-idiotypic immunity is experimental autoimmune
myasthenia gravis. This model of human myasthenia gravis is
caused by autoantibodies to the acetylcholine receptor. Fuchs
and her colleagues actively raised anti-idiotypes in outbred
rabbits by immunizing them repeatedly with allogeneic or au-
tologous antibodies specific for the acetylcholine receptor.®®
Some of the rabbits became refractory to disease subsequently
induced by immunization to the acetylcholine receptor. This
study shows that effective anti-idiotypic immunity can be in-
duced in the autoimmune subject and need not be transferred
from without.

My laboratory has used lines of autoimmune T lymphocytes
to actively vaccinate rats and mice against experimental au-
toimmune disorders of the CNS, joints, or thyroid. The EAE
and adjuvant arthritis models in rats have been described
above. Experimental autoimmune thyroiditis is induced in
MHC-susceptible mice by immunizing them with mouse thy-
roglobulin.” It is characterized by monenuclear cell infiltration
of the thyroid gland and high titers of thyroglobulin antibodies.
Similar to the encephalomyelitis’ and arthritis models,?® this
form of thyroiditis appears to be produced by autoreactive T
lymphocytes.? From animals actively immunized to the appro-
priate antigens we have succeeded in isolating autoimmune T
lymphocytes and propagating them as long-term cell lines. The
unique feature of the T lymphocyte lines is that each is func-
tional in producing a specific autoimmune disorder. As few as
10*~10° anti-BP line cells induced encephalomyelitis within
several days of intravenous inoculation into syngeneic rats,
some clones of anti-mycobacterial lines produced severe polyar-
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thritis in irradiated rats within 5 days of intravenous inocula-
tion,®® and antithyroglobulin line cells mediated thyroiditis in
mice.”? These functionally active autoimmune lines have been
very helpful in uncovering pathogenic processes underlying or-
gan specific autoimmune disease, but their contribution to this
discussion is their ability to prevent and possibly to treat dis-
ease. A single inoculation of anti-BP line cells attenuated by
inhibition of DNA synthesis induced resistance to EAE in
about two thirds of recipient rats.’ ™ Likewise, a single injec-
tion of irradiated antithyroglobulin line cells inhibited autoim-
mune thyroiditis in all recipient mice.”? Antimycobacterial line
cells inhibited the development of adjuvant arthritis® and,
more importantly, could be used to treat adjuvant arthritis af-
ter it had reached its peak development.®® Thes mechanism of
specific resistance induced by T lymphocyte line cells is being
investigated, and preliminary results suggest that protection
results from anti-receptor autoimmunity.

Prospects for Therapy

Will anti-idiotypic immunity to antibodies or lymphocytes
have any clinical use for autoimmune disease? The answer will
depend on resolution of several issues.

° Treatment of existing autoimmune disease and not
prophylactic vaccination is the major clinical chal-
lenge. The results that have been reported should
encourage the development of more experimental
models suitable for investigation of this question.

* Is it more efficacious to treat with preformed anti-
idiotypic antibodies or to induce active anti-idi-
otypic immunity by immunizing with idiotypes? Ac-
tive immunization with idiotypes would be expected
to be longer lasting and possibly more effective, be-
cause anti-idiotypic T lymphocytes might be gener-
ated in addition to anti-idiotypic antibodies.

* Should the idiotypic immunogens be antibodies or T
lymphocytes? Although it is much easier to prepare
and store antibodies, immunization with T lympho-
cytes seems to offer a powerful means of suppressing
autoimmune diseases. The issue should be studied
using the same disease models for treatment.

° The MHC barrier to cell transfer® suggests that im-
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munization with allogeneic T lymphocytes will not
be feasible. Moreover, it would be very inconvenient
to raise autologous T lymphocyte lines for each and
every patient. An alternative to immunization with
whole cells would be to immunize patients with iso-
lated T lymphocyte receptors of autoantigens, a pro-
cedure that might allow immunization with alloge-
neic receptors. Perhaps a pool of receptors isolated
from many persons would cover the range of idi-
otypes prevalent in the population for the particular
autoantigen. For example it may be necessary to
raise only a few tens of T lymphocyte lines from in-
dividual patents with myasthenia gravis, isolate the
receptors, and pool them so as to obtain a reagent
which hopefully could be used to produce anti-idi-
otypes to the myasthenia gravis idiotypes of most
persons. However, this approach will be feasible
only when techniques are developed for easy isola-
tion of the receptors of T lymphocytes.

Immunology is in & period of technological and conceptual
advance, and I expect that definitive solutions to these issues
will emerge in the near future and may provide the foundation
for network manipulation in clinical medicine. Control of infec-
tious disease was aided considerably by the successes of Pas-
teur, Koch, and others in isolating the pathogenic microbial
agents. Whether or not anti-idiotypic immunity will prove to
be the answer, isolation of the internal agents of autoimmune
disease will certainly generate new approaches to diagnosis
and therapy.
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