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Multiple autoantibody responses associated with systemic
autoimmune diseases like systemic lupus erythematosus
and rheamatold arthritis were once considered to be due
to the nonspecific activation of the Immune system,
possibly by polyclonal B<ell mitogens. But unlike a
mitogen-induced response, autoimmune respoiisé associated
with these diseases was found to be class 11 major
histocompatibility complex (MHC) restricted and T-
helper cell regulated. So it is proposed that rather than
acting alone, the mitogens may be synergistically acting
along with a weak self-antigen to give a specific response.
However, recently a group of antigens have been
identified, which eliminate the requirement of such a
synergistic action. They give antigen-specific and poly-
clonal antibody responses, similar to the autoimmune
response in the above diseases, by employing T-helper
cells and class I MHC. These proteins termed
‘superantigens’ bind to T-helper cells bearing a limited
set of p-chain variants of T-cell receptor. Though
superantigens require class Il MHC molecules for
presentation to T cells, the binding is to the non-
polymorphic region of MHC unlike the conventional
antigens which bind to the polymorphic region. These
antigens explain the initiation of autoimmune response
by the non-specific activation of T-helper cells.

Autoimmune diseases comprise a group of disorders
where there is nothing apparently in common other
than an exaggerated immune response {0 One Or more
of the self-antigens®. Historically autoantibodies were
considered to be something abominable and the theory
ol sequestcred antigens and forbidden clones was
proposed?’. Recent studies however show that auto-
antibodies and autoreactive T cells are normal*~’.
Now the question arises as to what contributes to the
diseases.

Autoimmune diseases are classified Into organ-
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specific and systemic diseases®. In organ-specific
diseases the autoimmune response is directed against
some umgque antigens present on one or more of the
tissues, whereas in Systemic autoimmune diseases [ike
systemic lupus erythematosus (SLE) and rheumatoid
arthritis (RA) the autoimmune response i1s found to be

multiple autoantigens. Since the antibody response in
these diseases is not very highly specific, it was

considered that the immune response is due to the non-
specific activation of the immune system.

Nonspecific immunostimulation

Though antigen-dependent stimulation is the conven-
tion, there exist alternate mechantsms for the activation
of the immune system. Substances which activate T and
B cells in this way are called mitopens®. Many

carbohydrate-binding proteins (lectins} possess the

potency 1o activate T and B cells. B cells can also be
activated by anti-immunoglobulin and B-cell mitogens
(lipopolysaccharides, dextran sulphate, etc). Induction
of antibodies by these compounds is not specific and
results in multiple antibodies including autoanti-
bodies!® 't [t {s speculated that polyclonal B-cell
mitogens (PBMs) may be responsible for systemic
autoimmune diseases'?, Administration of multiple

immunostimulators in mice brings about severe but
fransient autoimmune syndrome
circulating PBMs have been detected in RA and SLE

1314 pFurthermore,

patients*>*®*  But there are many drawbacks in
extending this PBM-induced model to the actual
disease. Autoantibodies induced by potent B-cell
stimulators hke epstein barr virus (EBV) are predomi-
nantly 1gM (ref. 17) whereas, in these diseases the
pathogenic antibodies are of other isotypes. Potent

CURRENT SCIENCE, VOL. 64, NO. 4, 25 FEBRUARY 1993



REVIEW ARTICLES

r— plein,

PBMs bring only transient autoimmunity and the
circulating T-suppressor cells {Ts) can control the effect
of the PBM’%2. MHC class Il association has been
shown in many autoimmune diseases'® ', Finally,
specific lymphocytes have been cloned from SLE which
give helper function for the production of anti-DNA
antibodies®?. So rather than acting independently
mitogens may activate B cells synergistically along with
a weak autoantigen, resulting in the production of
specific antibodies!?.

Specific activation of the Immune system by
antigens

An immunologically primed animal responds to the
subsequent exposure of the same antigen by producing
effector cells to eliminate them?!., B-lymphocytes are
involved in the antibody production. Thymus derived T-
lymphocytes are responsible for the control of immune
response. Functionaily they belong to T-suppressor
(Ts), T-helper (Th) and T-cytotoxic (Tc) cells. Their
functions include (a) controlling the B-cell responses by
Th and Ts cells, and (b) direct killing of the target ceils
by Tc cells.

Immune response will be mounted only if the antigen
is foreign. Three components are involved in giving a
specific response. They are the processed antigenic
fragments, class }1 MHC molecules present on antigen-
presenting cells (APC), and the antigen receptors
present on T cells {TCR) (Figure 1).

Antigen. It 1s processed into small fragments by
proteolytic enzymes and expressed on the surface of the
APC 1n association with class IT MHC. Antibodies will
be produced only to regions (epitopes) of the antigen,
which do not have any resemblance to the self.

Major histocompatibility complex. Class 1II MHC
antigens are membrane-bound glycoproteins present on

T ceit b

TiP

SA

T cell 3

Antigen Antigen
presenting presenting
ceil cet!

Figure 1. Schematic representation of the triunolecular complex
formed of «ff TCR, class 11 MHC and &, convenlional antigen, b,
superattigen (adapted from ref. 33
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the surface of APC, composed of x and § subunits.
These are one of the most polymorphic proteins known
and bind to a variety of peptides®®. The processed
antigenic peptides associate with the MHC and are
recognized by the T cells.

T-cell receptors. These are membrane-bound hetero-
dimeric glycoproteins?*#*, Two kinds of TCRs are
reported —af and y8. «ff TCRs are involved in the
recognition of class II MHC-associated peptides.
Similar to immunoglobubn G (IgG), TCR is also
assembled by somatic recombination of «, § germ line
components from constant (C), variable (V), joining (J)
and diversity (D) regions. «-Chain resembles the hght
chain of IgG in not having a D region and f-chains
resemble the heavy chain. Two other molecules are also
associated with TCR. The CD; complex composed of
three peptides is involved in the signal transduction and
T, molecules (present on Th, Ti) or Ty molecules
(present on Tc, Ts), which are associated with particular
subtypes of T cells.

T cells bearing particular receptors interact with the
antigen associated with the MHC and secrete lympho-
kines which control the antibody production and class
switching. TCRs present on mature cells recognize only
foreign antigens. In this respect, past studies have
shown that while inside the thymus T cells undergo a
positive selection, where from the myriads of immature
T cells, only those TCR-bearing cells will be selected
which associate with self class I MHC?® and a negative
selection where self-reactive TCR-bearing T-cells are
eliminated?®. Though this mechanism is not complete
this eliminates the self-reactivity to a great extent.
Other than this central mechanism, the Ts cells present
in the circulation control the autoreactive antibody
responses.

Autoimmunity could result because of the hyperacti-
vity of Th cells, deficiency of Ts cells or non-responsive-
ness of B cells to the T cell signal. In animal models of
SLE, (MRL/lpr, BxSB, etc) one of the above
mechanisms has been attributed as the cause of
autoantibody production??- 28,

Ts cell deficiency or Th cell hyperactivity alone does
not explain the autoantibody production. Environmental
factors are also implicated and most possible among
them 1s bacterial or viral antigens with structural
resemblance to host (molecular mimicry). Antibodies
produced against these proteins cross-react with sclf-
antigens?®, Recently a group of bacterial antigens have
been identified which have very high antigenic potency
compared to usual bacternial antigens. Conventional
antigens activate 1 in 1000 of the T cells. These
bactertal antipens activate higher number of T eells (1 in
5) like a mitogen. To show their comparatively high
antigeniaity, these antigens are termed as superantigens’

(SAI,HLEI.
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Superantigens

Two types of superantigens have been rcported, the
minor lymphocyte sumulating antigens of mice; and the
antigens wsolated from Staphylococcus, Streptococcus
and Miycoplasma strains®, The significance of self-
supcrantigens {endogenous SA) reported from mice 1s
not hnown.

Three groups of microbial superantigens {exogenous
SA) have been reported. They are the enterotoxins of S.
aureuws (SE). pyrogenic toxins of group A Streptococcus
(SPEF} and the SA from Mjycoplasma arthritides??,
Enterotoxins are basic proteins with molecular weight
rangmng from 20 to 30 Kd. Streptococcal pyrogenic
tonins though identical to each other are different from
styphylococeal tonins. Mycoplasma-denved superantigen
is not well characterized. Superantigens {rom staphylo-
coccus are encoded by phages®*,

Though earlter considered to be indiscriminate
mitogens, recent studies show that SA bring about
antigen spectfic as well as non-specific antibody
responses with the involvement of T cells and APC.

Activation of immune system by superantigens

Superantigens stimulate immune system like any other
antigens by employing TCR and class II MHC. This ts
different from the T-cell mitogen-mediated responses
where TCR or MHC does not play any role. But
superantigen-induced response 1s polyclonal like
mitogen-induced?” response.

Requirement of TCR

Superantigens do not stimulate all T cells, neither do
they have any preference to any functional T-cell
subsets. They activate T cells bearing a sct of f-chain
variants of the TCR irrespective of the x-chain
variants*®. SA binds to the variable region of f-chain of
the TCR (Figure 1) This include antigen specific and
T cells of other specificities. The nature of the binding is
not known. Since all the exogenous superantigens
reported are basic proteins, charge-mediated binding
cannot be ruled out. Though such binding is not
studied i dctatl in the case of TCR, it has been shown
that antibody molecules are capable of heterologous
antigenic cross-reactivity mediated by charge interac-
tion3’:°8,

Requirement of class I MHC

Studies using particular class 11 MHC transfected
mouse fibroplasts have shown that superantigens
though require class I MHC, do not show any
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specificity to particular isotype or allotype®®. Subse-
quently, it was shown®*? that unlike the processed
antigen:ic peptide from conventional antigens which
bind to the highly polymorphic regions of the MHC,
SA binds to the non-polymorphic region of the MHC
outside the antigen-combining site and form ternary
complex with TCR and antigen during the T-cell
recognition (Figure 1&). This recognition results out of
the nonspecific binding (MHC unrestricted) but stiil
result in the proliferation of effector T cells. Further-
more, superantigens do not undergo any processing.

Involvement of superantigens in diseases

In view of the high antigenicity and the mode of action,
superantigens are likely to be the candidate involved in
the process of autoimmunization. Preliminary studies
with SLE and RA implicate superantigens as the
possible environmental factor responsible for auto-
Immunity.

Systemic lupus erythematosus

It 15 one of the most fatal autoimmune diseases
mediated by multiple autoantibody responses*!. Anti-
bodies to dsDNA are unique to SLE. These are
implicated in the glomerulonephritis, which brings
considerable mortality among SLE patients**. Abnorma-
lity in the T-cell functions has been reported in SLE*3,
Among the induced models, graft versus host disease
(GVHD) represents an intriguing model for the cellular
interactions that may give rise to systemic auto-
immunity*?. GVHD results when immune cells from a
healthy individual are transferred to an immunologically
incompetent host. In this model of autoimmunity the T-
helper cells from donors, specific for the recipient class
[T MHC alloantigens leads to polyclonal activation of
the recipient B cell pool, hypergammoglobulinaemia
and lymphoid hyperplasia. In seclected strains of
nonSLE-prone mice this type of an interaction induces
a broad spectrum of autoantibodies and immune-
complex-mediated tissue damage, similar to SLE** %4,
This type of abnormal Th-B cell interaction brings
about systemic autoimmunity. Any B cells regardless of
the specificity or MHC molecule render cognate T cell
help by SA-specific T cells.

Tumang et al.>> showed that Th-celi lines specific for
micoplasma-derived superantigen (MSA) or staphy-
lococcus-derived toxin-1 (SE-I) showed that co-culture
of Th-cells with syngenic B cells bearing the SA results
in the B-cell proliferation and polyclonal IgG and IgM
production. In contrast, antigen-specific (SRBC-specific)
B cells are generated only in the presence of the antigen.
These findings strengthen the GVHD model and the

CURRENT SCIENCE, VOL. 64, NO. 4, 25 FEBRUARY 1993



REVIEW ARTICLES

role of SA in triggering an autoimmune response in
susceptible individuals.

Rheumatoid arthritis

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by long-term inflammation of multiple
joints*”. Mononuclear infiltration of the synovial
membrane eventually leads to the destruction of the
articular cartilage and surrounding structures. Patho-
genesis of RA is not known. Several lines of evidence
suggest that T cells specific for self-antigens may play a
critical role in the initiation of the disease. The linkage
of the disease with DR1 and DR4 of the MHC and the
findings of sometimes oligoclonally activated CD4*, af
T cells in the synovial fluid and tissues of affected joints
suggest the involvement of CD4™ and off TCR-bearing
class 11 MHC-restricted T cells in the discase*®. Partial
elimination of these cells leads to amelioration of the
disease*®.

While studying the aff TCR-mediated response in RA
patients, Palliard et al%° found that the frequency of
VP14 T cells was significantly higher in the synovial
fluid of the affected patients than in the peripheral
blood®?. V f-cells are virtually undetectable in the
peripheral blood of these patients. §-Chain sequences
indicated that one or a few clones dominated the V{4
population in the synovial fluid of individual RA
patients, where oligoclonality was less marked for other
VBs and for V814 in other types of inflammatory
arthritis. These studies implicate V14 cells in the
pathology of RA. RA may involve initial activation of
V14 TCR-beanng T cells by superantigens and
subsequent recruitment of very few activated autoreactive
V 14 T cell class to the joints while majonty of other
V 814 T cells disappear.

Conclusion

The evidences discussed above are preliminary. Super-
antigen mediation may not be the sole cause of systemic
autoimmunity. Genetic predisposition i1s equally im-
portant. However, the mechanism of action of super-
antigens gives insight into the process of nonspecific
stimulation of the immune system and therapeutic
strategy could be devised to treat the patients suffering
from autoimmune discases. For example, in adjuvant-
induced arthritis (AA) cytotoxic T cclls (A2b} which
recognize cartilage proteoglycan bring about the
erosion of the joints similar to RA>'. Lymphocyte
vaccination of normals using hydrostatic-pressure
treated A2b cclls from the above modcl gives protection
against AA. Antidiotypic T cclls are formed which
knock out the A2b celis from the circulation and protect
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the normals from the disease. Similar strategy using
antiidiotypic T cells or antibodies to TCR to eliminate
SA responsive TCR-bearing Th cells could be applied
for the treatment of RA and SLE also.

1. Billings, P. B, Asian Pacific J. Allergy Immunol, 19817, 5, 67-69.

2. Smith, H. R. and Steinberg, A. D., Annu. Rev. Immunol, 1983, 1,
175-210.

3. Talal, N, Roubinmian, J. R,, Shear, H., Hom, J. T., Miyasaka, N,
in Immunol-80 (eds. Fougereau, M., Dasseut, J. and Talal, N)),
Academie Press, London, 1980, pp. 889-905.

4. Grabar, P., Immunol. Today, 1983, 4, 337-340.

5. Cohen, 1. R. and Cooke, A., Immunol. Today, 1986, 7, 363-364.

6. Weksler, M, E., Moody, C, E. and Kozak, R, W., Adv. Immunol,,
1981, 31, 271-312.

1. Zauderer, M., Adv. Immunol, 1989, 45, 417-437.

8. Theofilopoulos, A. N, in Basic and Clinical Immunology {(eds.
Stitis, D. P, Stobo, J. D, Fudenberg, H. H. and Wells, }. V),
Maruzen Asia, Singapore, 1984, pp. 152-186.

9. Coutinho, A., Gronowicz, E, Moller, G. and lemke, H, in
Mitogens in Imnunology (eds. Oppenheim, J. J. and Rosenstreich,
D. L.), Academic Press, New York, 1976, pp. 173-191.

16. Fishback, M., Roubinian, J. R. and Talal, N,, J. Immunocl., 1978,
120, 1856-1861.

11. Hammerstrom, L., Smith, E.,, Pnmi, D. and Moller, G, Nature,
1976, 263, 60-61.

12. Faudi, A. S., J. Allergy Clin. Immunol., 1980, 66, 5-17.

13. Hang, L., Aguado, M. T, Dixon, F. J. and Theofilopoulos, A. N.,
J. Exp. Med., 1985, 161, 423-427.

14. Hang, L., Slack, J. H,, Amundson, C,, Izuy, S., Theolilopoulos,
A. N.and Dixon, F. J., J. Exp. Med,, 1983, 157, §74-883.

15. Teodorescue, M., Immunol. Rev., 1981, 8§, 155-178.

16. Lampe M. A., Patarca, R, lregut, M. and Canter, H, J.
Immunol., 1991, 147, 2902-2906.

17. Chan, M. A, Stein, 1. D, Dosch, H. M. and Sigal, N. H,, J.
Immunol., 1986, 136, 106-112.

18. Charron, D., Adv. Immunol., 1990, 48, 107-159.

19. Nepom, G. T. and Erlich, H., Aanu. Rev. Immunol., 1991, 9, 493
525.

20. Rajagopalan, S., Zordan, T., Tosokos, G. C, and Datta, S. K,
Proc. Natl. Acad. Sci. USA, 1990, 87, 7020-7024.

21, Goodman, J. W. and Sercarz, E. E., Annu. Rev. Immunol,, 1983, 1,
465-498.

22. Rothbard, J. B. and Gefter, M. L., Anm. Rev. fmmunol, 1991, 9,
527-565.

23. Matis, L. A, Annu. Reo. Immunel, 1990, 8, 65-82.

24. Clevers, H., Alarcon, B, Wilemann, T. and Tecrhorst, C., Aanu
Rev. Immunol., 1988, 6, 629-662

25. Benaist, C. and Mathis, D, Cell, 1989, 58, 1027-1033,

26. Kappler, J, Rochm, N. and Marrack, P, Cell, 1987, 49, 273-2380.

27. Theolilopoulos, A. N, Prudhomme, G. J, Fieser, T. M. and
Dixon, F. )., Immunol. Today, 1983, 4, 287 291.

28, Theoflilopoulos, A. N, Prudhemme, G. J, Fieser, T. M. and
Dixon, F. }., Immunol. Today, 1983, 4, 317-319.

29. Oldstone, M. B. A, Cell, 1987, 50, 319 820

30. Johnsom, H. M., Russcl, J. K. and Pontecr, C. H., Sci. Am,, 1992,
266, 42-73.

1. White, ], UHcrman, A, Pullen, A. M., Kuby, R, Kapplag, J. W,
and Muarrack, P, Cell, 1989, 86, 27 5.

32 Herman, A, Kapplar, J. W, Marrack, P and Pullen, A, M, dnne
Rev, Immunol, 1991, 9, 745 772,

33. Marrack, P. and Kappler, J. W, Science, 1990, 248, 705 709,

34, Bedey, M. ). and Mckalanos, 3. ), Suence, 1985, 229, 185 [X7.

35. Tumang, J. R., Cherniack, £ P, (hietl, DA, Russo, C, Crow,
M. K. and Fricdman, 8. M, J. Immuncl, 1991, 147, 432 438

237



REVIEW ARTICLES

-

6 Kapplar, ] W, Kotzin, B, Herron, L., Gelland, E. W, Bigler.
R D. BxvIton, A Carrel. §, Pomvett, D N, Chm, Y. and
Matrack, P. Screnee, 1959, 244, 811 813

37 Fadber, P, Rykhe. G P M., Van de Putte, . B A, Capel, P. 1. A,
and Berden, J. H, J. Chin hmest, 1986, 77, 1824 1829,

38 Subba Rao. P. V. Namboodin, M. S. A. and Nagpal, S, 14th
[nterngnonal Congress of Allergology and Clinical Immunology,

Kyoto, Japan. Abst. No. 271, p 160.
% Mollick. J. A. Cook, R. G. and Rich, R R., Science, 1989, 244,

R17 820
40. Dellabona, P.. Peccoud. J., Kapplar, J, Marrack, P., Benoust, C.

and Mathis. D., Ceil, 1990, 62, 1115-112L
41. Rothfield, N. F.. in Arthriis and Alhed Condittons {(eds. McArty,

D J) Lea and Febiper, Phaladeiphia, 1979, 9th edn, pp. 691-721.
42, Ebling. F. M and Hahn, B. H., Arthrias Rheum, 1980, 23, 392~

403,
43 Sakane. T. Stewnberg, A. D. and Green, [, Proc. Natl. Acad. Sci.

US4, 1978, 75, 3464-34068.
44 Visa, C. S. and Shearer, G. H,, {Immunel. Today, 1988, 9, 207-213.
45 Gleichmann, E.. Van Elven, E. H. and Van der Veen, Y. P, Eur. J.

Immunol, 1982, 12, 152-1517.
46. Van Rappard, Van der Veen, F. M, Rolink, A, G. and

Olerchmann, E., J. Exp. Med, 1982, 185, 1558 1560

47. Carsondick, W. and Goodacre, I, in Introduction to Climcal
Rheumatology (eds, Carsondick, W. and Goodacre, J), ELBS,
Churchill, Livingstone, 1984, 2nd edn, pp 46 83.

48, Stamenkovic, I, Stegagno, M., Wnght, K. A, Krane, S M,
Amenlo, E. P., Colvin, R, B, Duquesnoy. R, ). and Kurnuck, J. T,
Proc, Natl. Acad. Scr. USA, 1988, 85, 1179-1183,

49, Herzog, C. H, Walker, C. H, Pichler, W, Aeschiimann, A,
Wassmer, P, Stockinger, H., Knapp, W., Ricber, P- and Muller,
W., Lancer, 1987, 0, 14611462,

20. Palliard, X., West, S. G, Lafferty, J. A, Clemeuts, J. R., Kappler,
J. W, Marrack, P. and Kotzin, B. L., Science, 1991, 253, 325-329.

51. Lider, O, Kann, N, Shinitsky, M and Cohen, 1. R., Proc. Natl.
Acad. Sci. USA, 1987, 84, 4577-4580.

ACKNOWLEDGEMENTS Financial support from Department of
Biotechnology (DBT), New Delhi is acknowledged. [ am grateful to
Prof. P. V. Subba Rao for his encouragement. 1 also thank my
colleagues Dey, Santi and Ganesh for cntically going through the
manuscript.

Received 16 June 1992; accepted 10 July 1992

RESEARCH ARTICLE

Petrochemistry and tectonic evolution of
Munnar granite, Idukki district, Kerala
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Several post-tectonic granite bodies, ranging in age from
740+ 30 to 512+ 20 Ma, have been reported from the
south-western margin of the South Indian shicld. The
present study of Munnar granite and the associated rocks
has brought out two generations of granite — one, a post-
tectonic undeformed non-foliated granite and the other a
pre-tectonic regionally deformed, well-foliated gneissic
granite. The gneissic granite, showing uniform granite
chemistry and mineralogy, is suggested to have been
formed by progressive deformation of an older granitoid
intrusion. The gneissic granite was earlicr considered as
part of the migmatite country rock. Thus, two granite-
forming events are identified, of which the older granite-
event has not hitherto been recorded in the southwestern
margin of the South Indian shield.

AcCID igneous activity in the Precambrian terrain of
Kerala is indicated by several granite bodies (Figure 1).
All these granites, falling within the time span of

“Far correspandence

218

74030 Ma, and 512120 Ma'~’ point to a Late
Precambrian-Early Palacozoic tectonomagmatic event.
Among these granites, the Munnar granite, occurning in
the high hails of the Western Ghats 1n the eastern part
of Central Kerala (Figure 1), is the subject of the study.

Field relations and petrography

In the study area around Munnar, granite, gneissic
granite, sheared gnetss, migmatite and calc-silicate rock
are the chief rock types, traversed by minor quartz,
pegmatite and aplite veins (Figure 2). The contacts of
rocks are mostly not exposed due to thick vegetation
and soil cover.

The general trend of migmatite and other rock units
is WNW-ESE with dips of 35° to 65° towards north.
Foliation trend shows local variations to WSW-ENE
and occasionally to NNE-SSW. Local reversals of dip
are also noticed (Figure 2). Megascopically, migmatite
1s a2 composite rock with alternating quartzo-feldspathic
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