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ABSTRACT

Antigen presentation is a critical step in the initiation of immune response. Many
types of cells can serve this function but the macrophages are the principal cells. The
antigen-presenting cells (APC) must express Ia antigens and most of them produce
interleukin-1. Macrophages bind, endocytose, catabolize and then express the aniigen
on the surface in the context of Ia and present it to T and B lymphocytes. On the other
hand, B-lymphocytes present the native antigen (without catabolism) in the context of
Ia antigen to helper T cells. The nature of APC, their- functions and factors

modulating them have been discussed.

THE most crucial step in the initiation of the
immune response¢ is the presentation of
antigen 1n proper immunogenic form, in
appropriate dose, to the appropriate cell. The
function of antigen presentation is carried out
by a special class of bone marrow-derived,
mostly of nonlymphoid, cells which probably
belong to the mononuclecar phagocyte series.
The antigen presenting cells (APC), except for
the macrophages (M¢) are usually nonpha-
gocytic and do not have a full complement of
lysosomal enzymes. But they always express
large amounts of Class IT major histocompati-
bility complex (MHC) Ia anugen and function
in MHC-restricted fashion. The APC inciude
M in the peritoneal cavity and tissues, dendri-
tic or interdigitating cells in spleen and lymph
nodes, Langerhans cells in the epidermnis, the
veiled cells 1n the afferent lymph and Peyers
1 atches and the B lymphocytes in spleen and
lymph nodes. Besides these classical APC,
antigen can also be presented by T cells' and
epithelial cells? under certain circumstances.
Some of the features of these cells are summa-
rized ia table 1.

ANTIGEN-PRESENTING CELLS
Origin and dijferentiation of APC:

Monocytes are the precursors of M¢® and it

* For coirespondernce,

appear. that a subset differentiates into the
nonphagocytic dendritic cells. Precursor celis
derived from the central pool in bone marrow,
leaving the blood stream in the papillary layer
of the dermis, enter the epidermis to become
Langerhans cells®. Some of these cells return to
the dermis and enter the afferent lymphatics to
become veiled cells”. Thesg cells enter the
marginal sinus of the lymph node and finally
reach the T-dependent area in paracortex and
zradually change into mature interdigitating
celis.

Macrophages

The most important celis responsible for the
presentation of antigen to 1" and B lympho-
cytes are the macrophages which express Ia
antigens. These cells are fairly large with
varying amounts of cytoplasm and have a
renifform or oval nucleus. Cytoplasmic
organelles for secretory activities are abundant
in more mature form of the tissue M ¢°¢. The
functional properties shared by cells of the
mononuclear phagocyte sysiem are avid pha-
£OCY10sIS, pinocytosis and the ability to adhere
firmly to glass or plastic surface®. Mg are
highly sccretory cells and therefore, can exert a
considerable influcnce on their extracellular
environment’. The secietory tunction is very
important in intracellular handling of microbes
and other foreign material, The major stimulus
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Table 1 Some characteristics of anhgen presentng cells
Receptors Enzymes
Acid
Phago- Ia pbhos-
Cylo- anti- pha- Este-
Cells §i$ gen Fc (3 tase rase ATPase
»
Macrophages + + + + + + +
Dendntic cells - + - — - — +
Langcrhans
ctlls +° + + + + Tt +
Veiled cells - + + + + + +
B-lymphocytes x + + + - — —

*+ weakly aor may be positive.

for secretion is the process of phagocytosis of
particles.

One major function of the M ¢ is the uptake
of antigens, degradation and the presentation
of these meolecules to the lymphocytes in a
form that is immunogenic. M ¢ are the neces-
sary accessory cells for activation of lympho-
cytes in virro. This M ¢ requirement has been
demonstrated for T-lymphocyte activation by
antigens®, mitogens.and allogeneic cells® !,
They are required for antigen-specific activa-
tion of mediator production by T-lymphocytes
because recognition of soluble protein antigen
by the T-lymphocyte 1s actually preceded by an
initial uptake of antigen by the M¢'*. The M ¢
are also required for development of antibody
forming cell (PFC) responses in all immunoglo-
bulin classes to both T-cell dependent and
T-cell independent antigens!>.

Dendritic cells

These are large cells with long processes and
an irregular horseshoe-shaped nucleus with
heavy chromatin accumulation on the nuclear
membrane and one or two nucleoli. The
cytoplasm is fairly electronlucent having some
polynbosomes, many mitochondria and very
little RER. The golgi apparatus is well de-
veloped. There are many small vesicles but
very few of them contain lysosomal granules or
phagolysosomes.

Dendritic cells are temporarily adherent,
highly Ia-positive, nonphagocytic and Fc¢ re-
ceptor negative cells but exhibit a highly
effective antigen presentation function'*'”.
These cells stimulate allogenic and autologous
mixed lymphocyte reaction (MLR), assist in
the generation of cytotoxic T-lymphocytes and
increase the proliferative response of lympho-
cytes by stimulation with mitogen or antigen.
They act mainly on T-lymphocytes, probably
by releasing interleukin-I and also antigenic
fragments complexed with Ia antigen, but may
also have a role in B-cell triggenng.

Langerhans cells

Langerhans cells are found in most
squamous epitheha including the skin, buccal
mucosa, oesophagus and vaginal and rectal
mucosa of mammals. Langerhans cells have
many dendrites, electron dense ¢ytoplasm and
numerous Birbeck granules. They have Fc and
C3 receptors, bear histocompatibility antigen
of the D/DR and I-A and I-E/C regions'®.
Langerhans cells are weakly phagocytic and
contain lysosome-like bodies and acid phos-
phatase. Langerhans or Langerhans-bike cells
are aiso found in the dermis and in lymphoid
organs including thymus, lymph nodes and
spleen and may resemble abnormal mac-
rophage-like cells'’.

Langerhans cells are an important compo-
nent of the immune system and can present
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antigen, control lymphocyte cell traffic, and
may play a role in the intrathymic conditioning
and differentiation of T-lymphocytes. An anti-
gen presented by Langerhans cells induce
contact hypersensitivity, but in the absence of
thcse  cells immunological  tolerance
develﬂpsw. Langerhans cells can replace other
APC such as M¢ in specific activation of
T-lymphocytes. Syngenic Langerhans cells
sensttized with ovalbumin, PPD or TNP can
induce proliferation of lymphocvtes but they
fail to stimulate in allogenic conditions and
lose activity after treatment with anti-ia serum
and complemeni. Human Langerhans cells
have been shown to present PPD' herpes
simplex virus?® and nickel’! antigens.

Veiled cells

These are large cells with veil-like processes
and are found in mesentric and skin lymph.
They express class I and class I MHC antigens
and a small proportion have surface immuno-
globulin?%. Veiled cells do not divide in culture,
do not have Fc-receptors and some of them
have C3 receptors. They are glass nonadherent,
are extremely active, extruding large boat-
shaped veils. In the skin, these cells have many
characteristics of dendritic and Langerhans
cells. Both have Fc and C3 receptors and a large
amount of ATPase in the cell membrane®. But
these properties are lost when the cells enter
the lymph node and acquire the ability to stick
to glass surface. They stimulate and increase
the lymphocyte reaction and responses of
lymphocytes to stimulation by mitogens. They
provide the signal for allograft rcjection.

B-lymphocytes

B cells have the capacity to present antigen
efficiently like macrophages. The antigen 1s
bound to the immunoglobulin present on the
surface of B cells and intcrnahized in a vesicle
containing la molecules. The surface 1m-
munoglobulin is partly degraded in the vesicle
and is not re-expressed in native form®*, but Ia
molecule-antigen complex is re-expresscd on

ey Sl

the surface and presented to macrophages or to
T-helper cells® 2

EXPRESSION OF la ANTIGEN

The MHC class II glycoproteins (Ia antigen)
are found on M¢ and other APC as shown in
table 1. The activation of T helper cells 1s
induced only by antigen presented by an APC
that displays the 1a antigen and not by free
antigen?’. The expression of Ia antigen on M¢
1s transient, is independent of mature T lym-
phocytes or the presence of antigen®®?” and
develops mainly in young M¢. The basal level
of Ia positive M ¢ in an organ is maintained by
continuous differentiation of stem cells to M¢
and conversion of la positive into Ia negative
cells (if it is true). The regulation of expression
of 1a molecules on APC can be a critical step in
the control of immune response. The amount
of 1a molecules on APC can be correlated with
the capacity to present antigen for the develop-
ment of helper T cells (reviewed in 31). The
antigen-presentation can be blocked by pre-
treatment of M¢ with anti-Ia antibodies (re-
viewed in 30). The processes which modulate
Ia expresston may therefore influence the
immune response significantly.

The expression of 1a on M ¢ can be enhanced
by (i) phagocytosis triggering agents which
maintain {a expression and check the change of
Ia positive to Ia negative®® (ii) lymphokines,
(specially gamma interferon), preferentially
induce I3 expression on previously immature
Ia negative macrophages®~2° and (iii) in vivo
injection of live bacteria e.g. Listeria
monocytogenes®® and bacterial lipopolysac-
charide (LPS)*’. On the other hand a number
of inhibitory molecules diminish Ia expression
viz (i) prostaglandin E3*° (ii) a-fetoprotein®
(iii) corticosteroids® and (iv) in vitro inocula-
tion of LPS*. (v) Further, the number of M¢
which expresses Ia antigen is reduced by
irradiation™ and (vi) in lactic dehydrogenase
elevating virus infection®. Thus, Ia expression
is regulated by positive and negative external
stimuli and may ultimately influcnce the anti-
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gen presentation and the consequent immune
response. This could be, wue either to impair-
ment of the expression of Ia niolecules on the
membrane or due to the elimination of Ia
pos:tive cells.

PRODUCTION OF INTERLEUKIN-: (IL-I)
BY APC

Md exert regulatory influence at various
stages in the life of the lymphocytes. A low
molecular weight, antigen-nonspecific peptide
termed as iaterleukin-1 (IL-1) produced by
most M¢ appears to act as a maturational
signal or secondary mediator signal for prepar-
ing T-cells to respond to antigens*!*?, A novel
form of IL-1 bound to plasma membranes of
APC® and B lymphocytes® has been de-
scribed recently. T-cell clones have been
shown to respond to antigen presentation only
when both Ia and IL-1 are expressed and the
response depends upon the amount of each™.
One of the major activities of IL-1 1s to induce
the synthesis and secretion of the T cell de-
rived mitogenic iym-hokine, Interleukin-2
(IL-2)% 45-9_ This link between IL-1 and IL-2
is an essential element in the T cell activation
sequence as it involves the conversion of a
priming M ¢ derived maturational s*Znal into a
secondary T cell derived proliferative signal
which results in the amplification of specific
immune response. Among APC, IL-i is also
produced by dendritic cells*’, Langerhans
cells*® and B lymphoblasts®.

ANTIGEN PRESENTATION BY M¢

The process of antigen presentation includes
binding, endocytosis, active catabolism of the
antigen followed by reaching the surface of M&
and presentation to T or B lymphocytes. The
predominant functions of different APC are
summarized in table 2. The antigen may bind
non-specifically at any area of the plasma
membrane of M@ by non-covalent interaction
or by specific receptors viz. Fc¢, C3, Ig or the
virus receptors. Bindings through rcceptors 1s
very efficient as compared to non-specific
binding whch depends on the concentration of

Table 2 Predominant functions of antigen presenting cetls

Cells Functions

Macrophages
Dendnitic cells

Generation of T-helper cells.
Powerful stimulants of syngeneic and
allogeneic interactions react with
selected antigens that require minimal
processing.

Sensitization to & .in-bound antigens.
Allograft r-jection.

Interaction with T-helper cells.

Langcrhans cells
Veiled cells
B-lymphocytes

the antigen®®. Further, M¢ can take up two
different antigens added simultancously or in
sequence’!,

The endocytosed antigen is actively catabo-
hzed and most >f the proteins are degraded to
amino acids or the molecules are unfolded by
the action of lysosomal proteases®. Antigen
processing through active metabolism takes

about one hour to complete and can be
blocked by treatment of M¢ with lysosomio-
trepic agents, ammonium chloride or chloro-
quine®* 3% 33, For the processing of antigen it
is essential that M¢ are live, but once the
recycled antigen has reached the ceill mem-
brane, fixation of M¢ does not affect antigen
presentation*® >2, The small peptides incor-
porated on the cell membrane have a short life
and are displayed in such a way as to be recog-
nized by the T-cells’® Some antigenic com-

ponents can be released from Md¢ as soluble
products. The random contact between

membrane bound antigen and Ia may result in
an association, the affinity of which 1s dictated
by the structure of both proteins®’. Only a
minority of macrophages can present antigen
to T-cells’; these cells must possess easily
demonstrable Ia antigens. Part of the proces-
sing step, therefore, appears to be the associa-
tion of antigens moieties with Ia surface
molecules. Recognition of M@ associated anti-
gen by T-lymphocytes requires cell contact;
strong immunogenicity of macrophage associ-
ated antigen is found with all kinds of antigen
whether particulate or soluble, large or small
pruscins™. Recently four 1outes of processing
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of the influenza virus antigens have been
suggested, namely (i) the classical lysosomal
route, (it) the dissociation of the contents of
the endosomes without entry in lysosome, (iii)
the excretion of newly synthesized viral gly-
coproteins by the Golgi apparatus and express-
ion on cell surface, and (iv) the processing of
virus antigen at cell membrune (reviewed in
55). Thus, the alternate route of antigen
processing allows recognition of tertiary struc-
tures without involving endocytosis and pro-
teolytic digestion.

The need for antigen processing may be due
to the class 1 or class II MHC elements
involved or due to the nature of the antigen.
The processing of antigen to small peptides
may be required to reduce the steric hindrance
in class II restricted response which i1s not
needed in class I restricted response>. Furth-
er, processing may not be required for those
antigens which bind to the and exist as an
integral part of the plasma membrane of the
APC; (for example the viral glycoproteins) but
is certainly needed for those antigens which do
not bind to cell membrane as the soluble
protein antigen. B lymphocytes bind native
antigen through Ig receptors; therefore, pro-
cessing of antigen is not required. Thus,
processing is required to make antigen avail-
able at the surface of APC for recognition by
helper T cells.

Presentation of antigen to helper T cells

M¢ presents the antigen along with a
definite Ia molecule epitope to the helper T
cells by direct cell to cell contact, Different
antigens can be present with different epitopes,
the number of immunogenic determinants
being high, and the physical association be-
tween Ia and antigen appears to be polyga-
mous. The antigen primed helper T cells bind
rapidly to the APC in vitro followed by the
binding of other lymphocytes making a cluster
which acts as a nidus for T-cell differentiation
and proliferation. Following interaction with
T-cells, M¢ releases IL-1 which stimulates
iymphocytes and this induces the responding

e gy i ——

T-cell subset to release I1L-2 which mnteracts
with activated antigen specific T-cell, to ex-
pand them clonally.

Presentation of antigen to B cells:

There are probably more than one pathway
by which B cells activate. Helper T cells release
antigen specific Ja positive T-helper factor
which along with the antigen, and possibly
through the accessory cells, activate and initi-
ate the response in B cells and to some extent
their clonal expansion. The differentiation
signal is provided by the antigen non-specific
T-cell factor such as IL-1 and IL-2 and the
40,000 molecular weight T-cell replacing factor
(TRF). This non-specific signal may be pro-
duced by a class of T-cells different from those
presenting the antigen-specific signal®®>’.

ANTIGEN PRESENTATION BY OTHER APC

The marginal zone macrophages and the
follicular dendntic cells of spleen and lym-
phnodes remain in close contact v+t lympho-
cytes and do not express Ia antigen. They
retain antigen on their surface for a long period
of time and may be a persistent source of
antigen for B lymphocytes which do not need
Ia molecules for recognition of antigen. B
lymphocytes are, themselves, capable of pre-
senting soluble protein antigens to primed
helper T cells in an antigen-specific and MHC-
restricted marner and may result in focussing
the antigen-specific helper T cells to the
surface of antigen-specific B cells®® 5%,
There are a number of other cell types which
have la molecules and may have the capacity to
present antigens viz skin keratinocytes®,
epithelial cells the ‘nurse cells’ of thymus®?,
veiled and interdigitating cells in skin and
lymphnodes®*%® and mitogen or allo-antigen
stimulated T cells®*%* but the latter may
deliver ‘tolerogenic’ signal®,

MECHANISM OF ANTIGEN PRESENTATION

The exact mechanism of the presentation of
the processed antigen by the APC to helper T



566

Current Science, June 20, 1987, Vol. 56, No. 12

cclls, in the context of Ia antigen is not known.
Three groups of investigators have presented
evidence that the processed antigen 1S com-
plexed with Ia molecule, creating single macro-
molecular ligand, which is presented to the
single receptor on the T cell”’®”. A bimolecu-
lar complex mechanism has been suggested by
Rosenthal ef al’® and others’!>’4. On the other
hand a trimolecular model has been proposed™
involving a complex between Ia molecules,
antigen and a T cell receptor, each having a
positive affinity for the other two. Similar
models, with very little variations, have been
proposed recently by Parham’* and Grey &
Chesnut™”, but none of the mechanisms is
exclusive.

Factors affecting antigen presentation

The factors which affect the binding, uptake,
catabolism and expression of antigen on the
surface of APC, influence the antigen pre-
sentation. Thus, factors controlling Ia express-
ton or IL-1, modulate the antigen presentation
as discussed earlier. Treatment of M¢ with
ammonium chloride or chloroquine inhibits
their capacity of catabolism and thus antigen
presentation>>. The drugs effect the intracellu-
Jar handling step of antigen via disruption of
normal lysosomal functions by increasing lyso-
somal pH thus depressing the activity of acid
hydrolases.

CONCLUSION

Many different types of cells have functional
capacity to present antigen but which or how
many of them actually take part in vivo is not
well understood. It is likely that different sets
of cells cooperate with each other in a particu-
lar situation to present antigen for an optimum
immune response. APC must express la to
present antigen, but all cells having Ia may not
present it. Modulation of Ia expression on
APC regulates the antigen presentation func-
tion, and thus, the immune response to an
antigen. The precise mechanism of antigen
processing and presentation is also not clear.
An antigen may be processed by different

routes by different APC, for example purified
protein derivative (PPD) and keyhole limpet
haemocyanin (KLH) are processed by internal
lysosomal route by macrophages and by mem-
brane bound mechanism by B lymphocytes
(reviewed in 55). The processing of an antigen
may depend upon (i) the nature of APC (ii) the
nature of antigenic determinant and (iit) the
specificity of the T cells, but what actually
regulates it, is not yet known. A lot more work
is needed to answer these questions for a better

understanding of the phenomenon of antigen
presentation.

12 September 1986

1. Lebner, T., Immunol. Today, 1986, 7, 87.

2. Bottazzo, G. F., Pujol-Borrel, R. and Hanafu-
sa, T. et al., Lancet, 1983, 2, 1115.

3. Van Furth, R., In Mononuclear phagocytes
(ed.) R. Van Furth, Blackwell Scientific Pub-
lications, Oxford, 1970, 151.

4. Friedmann, P. S., Immunol. Today, 1981, 1,

124.
. Kelly, R. H. et al, Anat, Rec., 1978, 199, 3.
. Van Furth, R. and Cohn, Z. A., Bull. WHO,
1972, 46, 845.
. Unanue, E: R., Adv. Immundi., 1981, 31, 1.
. Seeger, R. C. and Copenheim, J. J,,.J. Exp.
Med., 1970, 132, 4.

9. Alter, B. J. and Bach, F. H., Cell. Immunol.,
1970, 1, 207.

10. Rode, H. N. and Gordon, J., J. Immunol.,
1970, 104, 1453.

11. Twormey, J. J., Sharkey, O., Brown, J. A. and
Laughter, A. H., J. Immunol., 1970, 104, 845.

12. Unanue, E. R., Cerottini, J. C. and Bedford,
M., Nature New Biol., 1969, 272, 1193,

13. Pierce, C. W. and Kapp, J. A., Federation
Proc., 1978, 37, 86.

14. Steinman, R. M. and Cohn, Z. A., J. Exp.
Med., 1973, 137, 1142.

15. Steinman, R. M., Kaplan, G., Witmer, M. D.
and Cohn, Z. A., J. Exp. Med., 1979, 149, 1.

16. Stingl, G., Tamaki, K. and Katz, S. L., im-
munol. Rev., 1980, 583, 149.

17. Silberberg, 1., Baer, R. L., Rosenthal, A. §.,
Thorbecke, G. J. and Berezowsky, V., Cell.
Immunol., 1975, 18, 435.

18. Ptak, W., Rozyckd, D., Askenase, P. W. and

&N N

0 -



19.

20

21.
22,

23.
24,

25.

26.

27.
28.

29.

30.

31,
32.
33.
34.
33.
36.
37.
38.

39,

41.
42.

Current Science, June 20, 1987, Vol. 56, No. 12

e e — .

Gershon, R. K., J. Exp. Med., 1980, 151, 362.

Braathen, L. R., Thorsby, E., Scand. J. Im-

munol., 1980, 11, 401.

Braathen, L. R., Berle, E., Mobech-Hanseen,
U. and Thorsby, E., Acta Derm. Venereol.,
1980, 60, 381.

Braathen, L. R., Br. J. Derm., 1980, 103, 517.
Spry, C., Pflug, A., Janossy, G. and Hamphrey,
)., Clin. Exp. Immunol., 1980, 39, 750.
Drexhage, H. A. et al., Cell Tissue Res., 1979,
202, 407.

Schreiner, G., and Unanue, E. R., Adv. Im-
munol., 1976, 24, 38.

Pernis, B., and Mitchison, N. A., In: Immunog-
lobulin idiotypes, (eds) C. Janeway, E. E.
Sercanz and H. Wigzell, 1981, 799, Academic
Press, New York.

Pletscher, M., and Pernis, B., Eur. J. Im-
munol., 1983, 13, 381.

Benacerraf, B.., Science, 1981, 212, 1229.
Lu, C. Y., Peters, E. and Unanue, E. R., L.
Immunol., 1981, 126, 2496.

Beller, D. L. and Unanue, E. R., J. Immunol.,

1981, 126. 263.
Janeway, C. A. Ir., Bottomly, K., Babich, J.,

Conrad, P. and Conzen, S., Immunol. Today,
1984, §, 99.

Unanue, E. R., Beller, D- I., Lu, C. Y. and
Allen, P. M., J. Immunol., 1984, 132, 1.
Scher, M. G., Beller, D. . and Unanue, E. R,
J. Exp. Med., 1980, 152, 1684

Scher, M. G., Unanue, E. R. and Beller, D. I.,
J. Immunol.; 1982, 138, 447.

Steeg, P. S., Johnson, H. M. and Oppenhsim,
1. )., J. Immunol., 1982, 129, 2402.

King, D. P. and Jones, P. P., J. Immunol.,
1983, 131, 315.

Beller, D. 1., Kiely, J. M. and Unanue, E. R.,
J. Immunol., 1980, 124, 1426.

Zicgler, H. K., Staffileno, L. K. and Went-
worth, P., J. Immunol., 1984, 133, 1825.
Snyder, D. S., Beller, D. I. and Unanue, E. R.,
Nature (London), 1982, 299, 163.

Snyder, D. S. and Unanue, E. R.,J. inmunol.,
1982, 129, 1803,

[sakov, N., Feldmann, N. and Segal, S., Cell.
Immunol,, 1982, 66, 317.

Dinarello, C. A., Rev. Infect. Dis., 1984, 6, 32.
Oppenheim, J, J., Kovacs, E. J., Matsushima,
K. and Durum, Sr K., Immunol. Today, 1986,
7, 45.

267

S el —

43.

44,

43,

47,

49,

50,

51.

52.

53.

54.
33.
26.

37.

58.

59,

ol.

61.

62.

63.

65,

Kurt-Jones, E. A., Beller, D. L., Mizel, S. B.
and Unanue, E. R., Proc. Natl, Acud. Sdi.,
1985, 82, 1204.

Unanue, E. R. and Allen, P. M., Cell. Im-
munol.. 1986, 99, 3.

Wagner, H., Hardt, C., Bartlett, R,, Rolling-
hoff, M. and Pfizenmaicr, K., J. {mnmunol.,
1980. 125, 2532.

Kelso, A. and MacDonald, H. R., J. Exp.
Med., 1982, 156, 1366.

Duff, G. W., Forre, O. and Waalen, K. et al, B.
J. Rheumatol., 1985, 24, 94.

Sauder, D. N., Dinarello, C. A. and Morhenn,
V. B., J. Invest. Dermatol., 1984, 82, 605,
Matsushima, K., Procopio, A. and Abe, H. ¢!
al, J. Immunol., 1985, 135, 1132.

Grey, H. M. and Chesnut, R., Immunol.
Today, 1985, 6, 101.

Rhodes, J. M., Lind, L., Birch-Andersen, A.
and Ravn, H., Immunology, 1969, 17, 445,
Shimonkevitz, R., Kappler, J., Marrack, P. and
Grey, H., J. Exp. Med., 1983, 158, 303.
Ziegler, HF K. and Unanue, E. R., Proc. Natl.
Acad. Sci., 1982, 79, 175.

Unanue, E. R., Adv. Immunol., 1972, 18, 95.
Mills, K. H-G., Immunol. Today, 1986, 7, 260.
Kappler, J., Harwell, L., Keller, D., Swierkosz,
J. and Marrack, P., In: B Lymphocytes in
immune response, {eds}) M. Cooper, D. E.
Mosier, I. Scher, and E. S. Vitetta, Elsevier,
Amsterdam, 1979.

Miedema, F, and Mclief, C. J. M., Inrunol.
Today, 1985, 6, 258.

Chesnut, R. and Grey, H., J. Immunol., 1981,
126, 1075.

Walker, L., Warner, N., Chesnut, R,, Kappler,
J. and Marrack, P., J. Inununol., 1932, 128,
2164,

Abramson, S. L., Puck, J. M. and Rich, R, R_,
J. Exp. Med., 1981, 154, 1005,

Daynes, R., Emam, M., Krueger, G, and
Roberts, L., J. bnmunol., 1983, 130, 1536,
Wekerle, 1. and Ketelsen, U, Nawure (Lon-
don), 1980, 283, 402,

Lampert, I. A, Suitter, A, 1. and Chisholm, P,
M., Nature (London), 1981, 293, 149,
Hercend, T., Ritz, 1., Scholossman. 8§, and
Reinherz, ., Hum. Immuenol., 1981, 3, 247,
Lyons, C., Lipscomb, M., Scholovsman, S,

Tvcker, T. and Uhr, 1., J., Inununol., 1981,

127, 1879.



S6R

Jr——

66. Lamb, J., Skidmore, B., Green, N., Chiller, J.
and Feldmann, M., J. Exp. Med., 1983, 157,
1434,

67. Erb, P. and Feldmann, M., Eur. J. Immunol.,
1975, 5§, 739.

68. Pun, J. and Lonai, P., Eur. J. Immunol., 1980,
10, 273.

69. Friedman, A., Zerubavel, R., Gitler, C.and
Cohen, 1., Immunogenetics, 1983, 18, 291,

' TSRS

Current Science, June 20, 1987, Vol. 56, No. 12

70

71.
72.

73.

74.

. Rosenthal, A., Barcinksi, M. and Blake, J.,
Nature, (London), 1977, 267, 156.

Werdelin, O., J. Immunol., 1982, 129, 1883,
Rock, K. L. and Benacerraf, B., J. Exp. Med.,
1983, 157, 1618.

Heber-Katz, E., Hansburg, D. and Schwartz,
R. H., J. Mol. Cell Immunol., 1983, 1, 73.
Partham,.P., Immunol. Today, 1984, 5, §9.

ANNOUNCEMENTS

INTERNATIONAL CONGRESS OF PLANT PHYSIOLOGY

The International Congress of Plant Physiology
will be held under the auspices ot the Society for
Plant Physiology and Biochemistry in collaboration
with the Indian Society for Plant Nutrition and the
International Association of Plant Physiology. The

i

congress will be held during February 15-28, 1988.

For details please contact: Shnt S. K. Sinha,
Secretary General, Water Technology Centre, IARI,
New Delhi 110 012,

i it

THIRD INDO-PACIFIC CONGRESS ON FORENSIC SCIENCES

The Third Indo-Pacific Congress on Legal Medi-
cine and Forensic Sciences of the Indo-Pacific
Association of Law Medicine and Science will be

organized by the Forensic Science Society of India
during September 8§12, 1989 at Madras, India.

P.

For further particulars, please write to:. Prof.
Chandra Sekharan, Congress Chairman and

President, Forensic Science Society of India,
Madras 600 004, India.



