Works published in the Serie Universitaria

/  cover the following specialities:
Architecture and Town Planning; Fine Arts;
Biology; Agricultural Sciences; Social Sciences;
Journalism; Law; Economics; Phylosophy;
Phisics; Geology, History;, Engineering;
Literature and Philology; Mathematics; Medicine,
Pharmacy and Veterinary; Music; Chemistry;
Theology. '

Each group of specialities has its own colour on every cover.

Fundacién Juan March

The works summarized in this publication
were presented by their authors at a
Workshop held on 24th to 26th April 1989 :

at the Fundacién Juan March. _ Workshop on Tolerance :

There is a limited edition of 450 copies

of this volume, available free of charge. ' ' MeChanismS and Implications

organized by

P. Marrack and 'C. Martinez-A.

von Boehmer
W. Kappler
Martinez-A.
Waldmann
Le Douarin
Sprent
Matzinger

H. Schwartz
. Weigert
Coutinho

C. Goodnow:

[
| i}

|
’ L
f

246

FJM-Uni 246-Wor

o Workshop on Tolerance : hanis.
FundaCIOn Iuan MaI'Ch ] Workshop on Tolerance, M:::xa::s: L- DeFranCO
1031496

U OpEATCZIONE

Marrack

Biblioteca FJM

I

246 Workshop on Tolerance: Mechanisimis and Implications

-
-



Fundacion Juan March (Madrid)



Fundacién Juan March

Serie Universitaria

246

Workshop on Tolerance:
Mechanisms and Implications

organized by

P. Marrack and C. Martinez-A.

op&li0
et )
&
&/
ER

o)

von Boehmer
W. Kappler
Martinez-A.
Waldmann
Le Douarin
Sprent
Matzinger
H. Schwartz
. Weigert
Coutinho

C. Goodnow
L. DeFranco
Marrack

FUp
’*

!
oA

é_g}’.\

-3

TPOPERTIZIONT

=

—

Fundacién Juan March
Castell6, 77. Teléf. 435 42 40
28006 Madrid



The lectures summarized in this publication

were presented by their authors at a Workshop
held on 24th to 26th April 1989 at the Fundacion
Juan March.

Depdsito legal: M-21.545/1989
I.S.B.N.: 84-7075-393-2
Impresion: Ediciones Peninsular. Tomelloso, 37. 28026 Madrid.



INDEX

GENERAL PROGRAMME OF THE WORKSHOP ........
INTRODUCTION. P. Marrack . . .. ... ... ... . ... ...

CONTROL OF T CELL DEVELOPMENT BY THE a g T CELL
RECEPTOR FOR ANTIGEN. H. von Boehmer . ..........

T CELL TOLERANCE AND SELECTION. J. W. Kappler . . . .

T-CELL PRECURSORS: IN VITRO DIFFERENTIATION AND
ACQUISITION OF EFFECTOR FUNCTIONS. C. Martinez-A. .

TOLERANCE INDUCTION IN THE ADULT UNDER COVER
OF MONOCLONAL ANTIBODIES TO T-CELL ADHESION
MOLECULES. H. Waldmann . . . .. ... ....... .. ... ....

INDUCTION OF TOLERANCE BY EMBRYONIC THYMIC
EPITHELIAL GRAFTS IN BIRDS AND MAMMALS. N. Le
Douarin . . . . . .. e

THE THYMUS AND T CELL TOLERANCE. J. Sprent . . . . ..

FAILSAFE MECHANISMS OF T CELL TOLERANCE.
P. Matzinger . ... ... .. .. ..

THE ROLE OF THE COSTIMULATORY SIGNAL IN DETER-
MINING THE OUTCOME OF T,1 ANTIGEN RECEPTOR
OCCUPANCY. R. H. Schwartz . .. . ..... ... .. .. ...,

THE ROLE OF CLONAL SELECTION AND SOMATIC MU-
TATION IN AUTOIMMUNITY. M. Weigert .. ...........

BEYOND CLONAL SELECTION AND NETWORK. A. Coutinho

B CELL TOLERANCE IN LYSOZYME/ANTI-LYSOZYME
TRANSGENIC MICE. C. C. Goodnow . . ...............

B LYMPHOMA MODELS FOR ANTIGEN-INDUCED CLONAL
ANERGY OF IMMATURE B CELLS. A. L. DeFranco . . . . ..

THE T CELL REPERTOIRE. THE IMPACT OF SELF AND
THE ENVIRONMENT. P. Marrack . ..................

SUMMARY. P. Marrack . ... ....... ... . ... .. .....
LIST OF INVITED PARTICIPANTS . .................

13
17

21

27

31

35

39

43

49
53

63

67

73
77
83



Fundacion Juan March (Madrid)



GENERAL PROGRAMME OF THE WORKSHOP

April 24th (restricted audience)

Morning Session: THE SYSTEM
Harald von Boehmer

John W. Kappler

Carlos Martinez-A.

Herman Waldmann

Afternoon Session: T CELL DELETION AND INACTIVATION

Nicole Le Douarin
Jonathan Sprent
Polly Matzinger
Ronald H. Schwartz

April 25th (restricted audience)

Morning Session: B CELL TOLERANCE

Martin Weigert

Antonio Coutinho
Christopher C. Goodnow
Anthony L. DeFranco

Afternoon Session: GENERAL DISCUSSION

April 26th (public seminars)

Morning Session: LYMPHOCYTE DEVELOPMENT AND
REPERTOIRE

Antonio Coutinho
Philippa Marrack
Harald von Boehmer

Afternoon Session: TOLERANCE AND NON-
RESPONSIVENESS

Jonathan Sprent
Herman Waldmann
Ronald H. Schwartz



Fundacion Juan March (Madrid)



INTRODUCTION

P. MARRACK
Howard Hughes Medical Institute, Denver
(UsA)



Fundacion Juan March (Madrid)



INTRODUCTION

It has long been clear that one of the critical
features of the immune system in higher vertebrates is its
ability to distinguish between self and foreign materials.
wWithout such discrimination there would be anarchy and rapid
destruction of the host. Therefore as the immune system
evolved mechanisms designed to prevent recognition of self

must have developed at the same time.

Mice and mankind appear to use 3 different clonally
variable methods for recognition of foreign materials. These
are immunoglobulin molecules on the surfaces of, or produced
by B cells, and two different kinds of receptors on T cells,
made up of(x@ or TS polypeptides. Theoretically it is
possible that tolerance is established in a different way
for each of these methods. Alternatively similar mechanisms
for tolerance induction may be used by B cells and T cells.

It is also possible that since at least 2 of the methods are
somewhat interdependent, and B cells need T cell help in order
to respond, tolerance in the T cell compartment may automati-

cally lead to lack of response to self by B cells.

Over the years many investigators have suggested

mechanisms for tolerance induction. In general such mechanisms



10

break down into 3 categories, clonal elimination, clonal
anergy and suppression. Theories invoking clonal elimination,
first suggested by Lederberg in the 1950s, depend upon the
fact that T or B cells develop in a sea of self antigens,
but, in an uninfected individual, in the absence of foreign
material. It is suggested that the developing lymphocyte
goes through a stage when engagement of its immunoglobulin
or(x@ receptor triggers cell death. Later, developing cells
become mature, and at this stage engagement of their antigen
receptors is a stimulatory event. The constant presence of
self antigens, and only intermittent presence of foreign
antigens should allow cells specific for foreign materials

to mature, but eliminate self-reactive lymphocytes.

Theories invoking clonal anergy as a mechanism
for self tolerance are very similar to those which suggest
clonal elimination, with the exception that they suggest
that engagement of antigen receptors at a particular stage
of lymphocyte development, or under particular circumstances,

causes anergy in lymphocytes rather than death.

Finally under some circumstances self tolerance
may be maintained by suppressor cells, which interact with
antigen, or antigen receptors on other lymphocytes to reduce,

or oblate completely, responses to some self components.
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Recently significant advances have been made in
our understanding of self tolerance, largely because a number
of new techniques have been developed which allow a better
examination of the problem. These new techniques include the
methods of molecular biology, production of transgenic
animals, development of new antibodies and improved tissue
culture techniques and cell lines. The time was therefore
ripe for a reexamination of the problems of tolerance, and
under the generous auspices of the Fundacion Juan March a
workshop was organised in April 1989 in Madrid to discuss
the new data. The workshop was divided into 2 sections, a
meeting of about 12 foreign guests and 25 Spanish experts
in the field which went on for 2 days, and a set of public
seminars by some of the participants which was given on

the third day.
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CONTROL OF T CELL
DEVELOPMENT BY THE o« 8 T CELL
RECEPTOR FOR ANTIGEN

H. VON BOEHMER

Basel Institute for Immunology
(Switzerland)
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Harald von Boehmer, Bernadotte Scott, Hiroyuki Kishi, Hung
Sia Teh and Pawel Kisielow

Basel Institute for Immunology, 487 Grenzacherstrasse CH 4058
Basel, Switzerland.

T cell receptor (TCR) gene segments begin to
rearrange in CD4-8- thymic lymphoblasts. In scid mice the
development of T cells is arrested at this early stage as
the scid thymus does not contain any CD4+ or CD8+ lympho-

cytes.

This block in T cell development can be overcome
by introducing productively rearranged TCR genes into the
scid strain which results in the formation of CD4+8+ lym-

phocytes.

While this early differentiation step requires

TCR's of any specificity, later developmental stages depend
on the specificity of the TCR: in scid mice, a transgenic
TCR restricted by DP class I MHC antigens allows the forma-
tion of cD4~8" but not cpa*s™ lymphocytes in pP positive

but not Db negative animals. Thus, a TCR-MHC interaction in
the absence of nominal antigen is required for the generation
of mature T cells, and this interaction determines the CD4/CD8

phenotype.
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If both nominal antigen and presenting MHC
antigen are present developing T cells are deleted at an
immature CD4+8+ stage preventing the formation of more

mature and functional autoaggressive T cell progeny.

These experiments indicate that the immune
system first learns about self by positive and negative
selection of self recognizing lymphocytes from a continuously
turning over pool of lymphocytes without requirement for

idiotypic network interactions.
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T CELL TOLERANCE
AND SELECTION

J. W. KAPPLER
Howard Hughes Medical Institute, Denver
(USA)
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Positive selection and deletion of «8 T cell
receptor-bearing T cells in the thymus must involve thexx@
receptor itself. Apparently at one time engagement of thetx@
receptor can lead to positive selection and at another, the
same event can lead to elimination of the cell bearing it.
Several hypotheses have been advanced to account for this
dichotomy. We have recently shown that engagement of q@
receptors can cause the disappearance of all medullary,
mature(x@—bearing T cells, and about half the cortical,
immature q@—bearing thymocytes. This seems to be due to

+ fluxes induced

death of cortical thymocytes, caused be Ca+
by triggering via their qe receptors. Some q%+ immature thymo-
cytes do not flux Ca++ upon engagement of their receptors,

these cells are resistant to receptor-mediated clonal deletion

and may, therefore, be the targets of receptor-mediated

positive selection.
References

1. White, J., Herman, A., Pullen, A.M., Kubo, R., Kappler, J.W.
and Marrack, P. The V@—specific super antigen staphylococoal
enterotoxin B: Stimulation of mature T cells and clonal

deletion in neonatal mice. Cell, in press, 1989.
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T-CELL PRECURSORS: IN VITRO
DIFFERENTIATION & ACQUISITION
OF EFFECTOR FUNCTIONS

C. MARTINEZ-A.
Centro de Biologia Molecular, Madrid

(Spain)
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C. Martinez-A, A. de la Hera, A. Barcena, P. Aparicio, J.M.
Alonso and M.L. Toribio.

Centro de Biologia Molecular. C.S.I.C. Universidad Autdnoma.
Madrid.

T-cell precursors arising from hematopoietic
stem cells colonize the.thymus during ontogeny, where they
undergo a complex maturational process involving genotypic
and phenotypic changes in the expression of distinct surface
molecules. Later, they migrate to the periphery as immunocom-
petent T cells expressing clonally-distributed T-cell recep-
tor (TCR) structures. Four different TCR genes (o(,%,'r andg)
have thus far been identified and shown to be specifically
rearranged and expressed throughout intrathymic T-cell deve-
lopment. They code for two distinct types of heterodimeric
TCR: the common MHC—restrictedtx/@ heterodimer expressed
on most functional T lymphocytes, and the recently described
T/S TCR complex, expressed on a minor T-cell subset. Both
structures are expressed in association with the monomorphic
CD3 (T3) complex, but they seem to be acquired independently

by distinct intrathymic subpopulations.

Developmental studies in mice support that the
T/5 TCR appears first in ontogeny on early "double negative"
(cD4~ cD8”~ thymocytes. Further maturation leads to a gradual
decrease of-r/s—bearing cells. In contrast,°</@ TCR expression

increases throughout T-cell ontogeny concomitantly with the



24

acquisition of CD4 and/or CD8 molecules by mature T cells,
expression of T/J TCR being restricted to a small population
of CD4~ D8 adult thymocytes and peripheral T cells. These
findings suggest that /$-bearing CD4 CD8  cells may define
a separate T-cell lineage whose intrathymic development
precedes that of classicalel/ﬂ mature T cells. Nonetheless,
the presence of T -gene rearrangements in mature(x/ﬁ—bearing
T cells, as well as the finding of partial @—gene rearrange-
ments in /& rcrT cells, indicate that both T-cell lineages
may derive from a common precursor. At the present, however,
the regulatory mechanisms underlying these developmental
processes remain poorly understood, and precursor-product
relatinships involving the various intrathymic subpopulations
continue to be disputed, making it difficult to establish
direct correlations between the described patterns of TCR

gene expression and a functional pathway of T-cell development.

"In vitro" differentiation approaches were used
to analyse the precursor potential and the putative progeny
of a minor population of adult human thymocytes which lack
conventional T-cell markers (CD2 1 37478, i.e.Tll 6 3 4 8)
but express CD45 (i.e.T200) and CD7 molecules, suggesting that
they are the most immature intrathymic progenitors. Moreover,

only T-chain functional RNA messages are expressed in this

subset, whereas ¢- and P—chain TCR genes remain in germ-line



25

configuration. Interestingly enough, "in vitro" culture of
this subpopulation in the presence of interleukin 2 (IL-2)

led to an extensive cellular proliferation and the concomitant
differentiation into both T/J and ot/ev rcrt thymic subsets.
These data support the involvement of the IL-2 pathway in

the intrathymic maturation of early T-cell precursors. Fur-
thermore, they provide a useful "in vitro" system to induce
expression of(x/@ as well as*r/é.TCR structures in developing
thymocytes, making it feasible to investigate the cellular

and molecular basis of T-cell repertoire selection and deve-

lopment operating in T-cell differentiation.
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TOLERANCE INDUCTION IN THE
ADULT UNDER COVER OF
MONOCLONAL ANTIBODIES TO
T-CELL ADHESION MOLECULES

H. WALDMANN
Cambridge University
(England)
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H. Waldmann, S.P. Cobbold, Shixin Qin, Richard Benjamin
and M. Wise. Immunology Division, Department of Pathology,
Tennis Court Road, Cambridge CB2 1QP, England.

The introduction of foreign proteins, bone marrow
or tissue grafts into immunologically mature animals usually

results in vigorous immune responses.

We have found that monoclonal antibodies (Mabs)
to CD4, CD8 and LFA-l1l injected in-vivo create a tolerance

permissive environment for all 3 categories of antigen.

Tolerance does not require that the antibodies
necessarily ablate mature T-cells because antibody fragments

or non depleting isotypes are also effective.

Bone marrow grafts can be administered under
antibody cover to establish transplantation tolerance to

tissue grafts.

For genetic differences across multiple minors

or class I + minors antibody therapy is sufficient.

For complete MHC + minor mismatches tolerance

requires the addition of sublethal doses of irradiation.
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Non-depleting Mab regimes can be used to establish
transplantation tolerance to multiple minor mismatched skin
grafts, and short courses of appropriate combinations of
CD4 and CB8 mabs permit long-term acceptance (>120 days)

of totally mismatched skin grafts.

It is proposed that therapeutic interventions
which isolate antigen-binding T-cells from each other, and
therefore from collaboration, render them tolerance suscep-

tible.
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INDUCTION OF TOLERANCE BY
EMBRYONIC THYMIC EPITHELIAL
GRAFTS IN BIRDS AND MAMMALS

N. LE DOUARIN
Institut d’Embryologie Cellulaire & Moleculaire
Nogent s/Marne Cedex
(France)
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In situ implantation of a quail wing bud into a
chick embryo at 4 days on incubation (E4) regularly results
in the normal development of the implant followed by its
acute rejection starting within two weeks posthatching. If
the epithelial thymic rudiments of the quail donor are implan-
ted into the branchial arch area of the chick recipient
after partial removal of its own thymic primordia, a chimeric
thymus develops in the chick host and this induces tolerance
to the quail wing by the chick recipient. The species identity
of cells in chimeric thymuses was mapped using Feulgen-Rossen-
beck' staining and immunolabelling with monoclonal antibodies
directed against quail or chick B-L antigens. Certain lobes
contained only chick cells both at the stromal and hemopoietic
cell levels. Others had a quail epithelial stroma containing
host hemopoietically derived cells. Only chimeras in which
at least one third of the thymic lobes were chimeric showed

permanent tolerance to the grafted wing.

Similar results have been obtained when the
rudiment of the bursa of Fabricius (not yet colonized by
hemopoietic cells), instead of the limb, has been substituted
at E5 for the chick host bursa.The quail bursa is rejected
from about two weeks after birth in the absence of thymic
grafts while it is maintained for at least three months

if thymic epithelium from the same donor is implanted. After
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that time, the bursa undergoes its normal physiological

involution.

In mammals a comparable experimental paradigm
has been devised by using BALB/C Nude mice as host onto
which the third branchial pouch areas of E10 embryos of
the C3H strain are implanted subcutaneously at birth. Thymic
tissue develops from the graft in which the hemopoietically
derived cells (lymphocytes and medullary dendritic cells
and macrophages) are all of host origin (H2d type) while
the thymic epithelium is derived from the graft (H2k type).
Such T cell reconstituted mice when challenged with skin
grafts at 3 months of age reject C57Bl/ 6(H2b) - third party

grafts but tolerate both normal BALB/C and C3H skins.

Altogether these results indicate that thymic
epithelium is able to present self antigens to differentiating

T cells in a tolerogenic form.
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THE THYMUS AND
T CELL TOLERANCE

J. SPRENT
Research Institute of Scripps Clinic, La Jolla
(USA)
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Jonathan Sprent and Er-Kai Gao

Department of Immunology - IMM4A. Research Institute of
Scripps Clinic. 10666 North Torrey Pines Road. La Jolla,
California 92037.

T cell differentiation in the thymus is con-
trolled by MHC molecules and involves a complex process
of positive and negative selection: positive selection ge-
nerates T cells with specificity for self (thymic) MHC mo-
lecules whereas negative selection deletes a portion of
these cells, i.e. T cells with overt auto~MHC reactivity.
Although the identity of the cell types that control thymic
selection is still controversial, the bulk of evidence
suggests that positive selection reflects T cell contact
with MHC molecules expressed on cortical epithelial cells
whereas negative selection is controlled largely though
not exclusively by intrathymic bone-marrow-derived cells.
Evidence that thymic epithelial cells might contribute to
negative selection has come from studies with parent a T
cells generated in a - (a x b) F; chimeras prepared with
supralethal irradiation (sufficient to destroy all detec-
table host-type APC). In the case of Ia-restricted CD4+
cells, donor-derived T cells differentiating in the endo-
genous thymus of the host or in a host-type thymus graft
show considerable tolerance to host-type Ia molecules. To-

lerance is associated with deletion of T cells expressing
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host-reactive TCR molecules. Tolerance of CD4+ cells is
induced intrathymically, presumably through contact with

host Ia molecules expressed on a non-marrow-derived component
of the thymus (? epithelial cells). No such tolerance occurs
when parent a CD4+ cells differentiate in thymectomized
irradiated (a x b) Fl hosts given a parent a thymus graft.
This latter finding suggests that post-thymic exposure of
CD4+ cells to host Ia molecule fails to lead to tolerance

induction.
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FAILSAFE MECHANISMS
OF T CELL TOLERANCE

P. MATZINGER

Basel Institute for Immunology
(Switzerland)



Fundacion Juan March (Madrid)



41

Polly Matzinger and Sylvie Geurder

Basel Institute for Immunology, Basel, Switzerland.

Although deletion in the thymus is certainly
an effective way of inducing self tolerance, it cannot be
the only mechanism. There must be backup systems to ensure
the maintenance of tolerance should deletion be imperfect.
We have found two sorts of peripheral fail safe mechanisms
able to induce tolerance in mature cytotoxic T cells in

vivo.

The first is a form of starvation. Cytotoxic
T cells specific for the alloantigen Qa-1 require T help
at the time of activation. In the presence of activated
helper T cells they respond. In the absence of help they
become irreversably unresponsive, remaining that way for

periods up to seven months.

The second is some form of suppression. Chi-
maeric mice which carry two different thymuses are tolerant
of all the relevant antigens, yet each T cell ought to be
tolerant only of the antigens presented by the thymus in
which it matured. This form of tolerance is not set up in-
stantaneously. Several mice began by responding to the tolero-
gen and then later became unresponsive. In addition, the

unresponsiveness extends to include control antigens which
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are presented on the same cell as the tolerizing antigens.
In this respect, this form of peripheral tolerance differs
from the first which is specific only for the tolerizing

Qa-1 antigen.

We are now testing whether the unresponsive-
ness in either system is transferable and whether we can

find a means of reversing it.
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THE ROLE OF THE COSTIMULATORY
SIGNAL IN DETERMINING THE
OUTCOME OF Ty1 ANTIGEN
RECEPTOR OCCUPANCY

R. H. SCHWARTZ
National Institutes of Health, Bethesda

(USA)
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Daniel Mueller, Marc K. Jenkins, and Ronald H. Schwartz

LCMI, NIAID, NIH, Bethesda, MD 20892.

.Antigen stimulation of CD4+TH1 clones with either
antigen-presenting cells chemically modified with l-ethyl-3-
(3-dimethylaminopropyl) carbodiimide (ECDI) or purified 1Ia
molecules in planar membranes induces a state of hyporesponsi-
veness to subsequent stimulation with normal presenting cells
and antigen as measured by both thymidine incorporation and
interleukin-2 production. The hyporesponsive state lasts
for more than one week, although the cells remain viable as
manifested by their ability to respond to exogenous inter-
leukin-2. Induction of unresponsiveness requires new protein
synthesis and is accompanied by the production of IL-3, IFN-TY,
increases in TCR@ mRNA, and small increases in IL-2 receptor
expression; however, little IL-2 is produced. The critical
biochemical event for the induction of nonresponsiveness
is a rise in intracellular calcium. Entry into the hypores-
ponsive state is blocked by EGTA or cyclosporine and the
state can be chemically induced by the calcium ionophore,
ionomycin. Addition of allogeneic accessory cells during
the exposure to ECDI-treated APC and antigen blocks the
induction of nonresponsiveness and induces a proliferative
response from the T cell clone. These effects could not
be mimicked by addition of a phorbol ester (PMA) or soluble

lymphokines and addition of the allogeneic cells does not
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increase hydrolysis of phosphatidylinositol polyphosphates,
nor does it activate protein kinase C as measured by phosphor-
ylation of the T cell receptor gamma chain. These observa-
tions suggest that occupancy of the antigen-specific receptor
on CD4+ TH1 clones, in the absence of a costimulatory signal,
leads to an increase in intracellular calcium, activating a
biochemical program that eventually prevents the cell from
producing IL-2 in response to normal activation signals.

If, however, an accessory cell costimulatory signal is present,
the T cell clone divides and nonresponsiveness is prevented.
The costimulatory signal does not appear to be transduced

by activation of protein kinase C, suggesting that three
biochemical signals are required for activation of normal

T cell clones. These experiments appear to be at odds with
the ability of either PMA and ionomycin or anti-CD3 monoclonal
antibodies to induce a T cell proliferative response. Such
responses, however, can only be obtained at high cell density.
T cells plated at limiting dilution do not respond to PMA

and ionomycin, although they do respond to IL-2. An analysis
of log cell number versus log response curves revealed a

slope of 2 for both PMA and ionomycin and anti-CD3 antibody
stimulation, which could be converted to a slope of 1 with
the addition of accessory cells. These results suggest that
the stimulation of T cell clones with these reagents at

high density is the consequence of contaminating antigen-presen-
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ting cells or the ability of highly activated T cells to

provide costimulatory signals to each other.
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THE ROLE OF CLONAL
SELECTION AND SOMATIC
MUTATION IN AUTOIMMUNITY

M. WEIGERT

Institute for Cancer Research, Philadelphia
(USA)
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Antibodies to DNA (anti-DNA) are prominent auto-
antibodies in the sera of patients with systemic lupus ery-
thematosus (SLE) and of MRL/Mp -1pr/lpr (MRL/lpr) mice,

a murine model of SLE. The levels of these auto-antibodies
have diagnostic and prognostic significance. Moreover, a
direct role of anti-DNA in disease pathology has been esta-
blished by correlation of antibody levels with disease acti-
vity and identification of apti—DNA at sites of tissue in-
jury. Two competing models to explain anti-DNA have emerged.
The first suggests that anti-DNA result from polyclonal
B-lymphocyte activation and are the consequence of antigen-
nonspecific disturbances of B and/or T cells. The extensive
diversity of anti-DNA has been interpreted as evidence for
the polyclonal activation model. In addition, reports of
idiotypes expressed on a large fraction of anti-DNA suggest
that anti-DNA are encoded by germline variable (v) - region
genes. The second model proposes that antigen stimulates
anti~DNA production. Although nonspecific immune disturbances
may exist in SLE patients, in this model their role is to
allow or promote induction of autocantibodies by antigen.

It is reasonable to postulate DNA as the inciting antigen,
although a non-DNA self of foreign antigen could fulfill

this role. To provide further insight into the etiology
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and structure of anti-DNA, we have investigated the specifi-
city and primary structure of monoclonal anti-DNA obtained
from spleen cells of autoimmune MRL/lpr mice. The goal is

to determine the genetic basis of anti-DNA diversity and

thereby to distinguish these models of anti-DNA production.



53

BEYOND CLONAL SELECTION
AND NETWORK

A. COUTINHO

Institut Pasteur, Paris
(France)
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The rapid progress in the genetic, molecular and
cellular characterization of the immune system has had little
impact on clinical problems. We continue to treat allergy as
before IgE was known, we have no specific treatment for auto-
immune diseases, we are unable to tolerize the recipient of
an organ to the tissues of the donor, and we seem incompetent
to derive effective vaccines protecting from parasite infec-
tions the larger part of the world population. To tackle
these problems, it seems to me, modern immunology will have
to make the step from molecular and cellular biology (compo-
nent analysis and local rules) to systemic biology (approaches
to the global behaviour of an organized system). Immune pro-
perties such as learning, memory and self-nonself discrimina-
tion, are likely to be "distributed", and thus result not
only from the presence OTr activity of a given set of compo-

nents, but from their interactions and dynamic organization.

The theory of idiotypic networks constitutes a
frame in which systemic immunology could develop. Unfortu-
nately, ever since its proposition, the idiotypic "network"
has been essentially considered, both theoretically and
empirically, in the context of immune responses and their
regulation, leaving aside the real novelties in the idea:
functional autonomy, global behaviours and positive definition

of self. We have been concerned, over the last few years in



exploring these aspects, first of all that of functional
autonomy. We found that normal mice, even if secluded from
all environmental stimulation (antigen-free) display consi-
derable levels of mature lymphoid activities. Thus, 10 to
20% of all splenic B, CD4 and CD8 T cells in these mice are
activated blasts, many of which are engaged in mitotic cycle
and perform effector functions, such as antibody secretion,
and help or suppression of B lymphocytes. These observations
falsify one of the tenets of the clonal selection theory,
but they also limit a putative functional network to a mino-

rity of the lymphocytes in the adult immune system.

The analysis of reactivities in the compartment
of activated lymphocytes in neonatal and adult mice has
revealed some striking features. Perinatal antibody reper-~
toires are encoded by germ-line genes of the most D-proximal
VH homology families, with little or none random diversity
introduced in the form of N-sequences. Most importantly,
such antibodies very frequently react with other members
of the set,.embodying a highly connected network of V-regions,
while reactivities with "somatic" self components are not
particularly overrepresented. In contrast, activated B cell
repertoires of the adult show a very marked bias for auto-
reactivities, which is learned by positive selection, as

shown by the time course analysis over the first months of
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life. Adult natural antibodies, in addition, show no parti-
cular preference in VH-gene utilization and "conventional"
N-diversity. Repertoire analysis of bone-marrow and peripheral
resting B cells in adults reveals the rapid elimination of
emergent cells expressing D-proximal VH-genes from this com-
partment, that is accompannied by a deletion of auto-reactive
specificities among immunocompetent resting B cells. Further-
more, antibodies isolated from this set show low levels of
idiotypic connectivity. We interprete these observations by
the recruitment of emergent clones with self affinities (be
them idiotypic or to components of the somatic self) into

the activated cell compartment, and/or by paralysis and rapid

decay brought about by supra-optimal levels of ligand binding.

Evidence has been produced for the T cell-depen-
dence of the positive selection of autoreactive B cells. The
lack of pathogenic effects of such physioclogical autoimmunity
should be explained, therefore, on other grounds. Clonal
stimulation in vivo of antibody reactivities in the autono-
mously activated compartment has revealed that no immune
responses can be obtained, in contrast to the rapid and high
titred responses generated by activation of equivalent clones
in the disconnected lymphocyte set. Furthermore, the analysis
of lymphocyte population dynamics reveals that the large cell

compartment of normal animals is maintained with little cell
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division, and the study of serum natural antibody concentra-
tions over time shows dynamic patterns that are very different
from immune response dynamics: individually characteristic
fluctuations within rather narrow ranges, following oscilatory
or chaotic attractors. These observations could explain why
normal autoantibodies do not undergo somatic mutation and
further antigen-dependent selection, as well as the fact that
such autoreactivities are trully at equilibrium with the

somatic self.

The evidence above, together with a number of
theoretical considerations, lead to a model considering the
immune system of mammals composed of two separable domains:

the central immune system (CIS), composed of activated

lymphocytes with autonomous functional behaviours, embodying
self-related repertoires and a network of high connectivity;

the peripheral immune system (PIS), including the large

majority of mature lymphocytes, which are disconnected,
functionally at least, from the internal environment of
"somatic" self and V-regions of the CIS. The former is orga-
nized as a network, ontogenically established, and recursively
selects its components by recruiting newly araising specifi-
cities into the activated compartment, on the basis of meta-
dynamic rules that include the "learning" of the somatic

self; we believe that its biological importance is related
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to "self assertion", that is, the establishment of the mole-
cular identity of the individual and tolerance by positive
definition of self. In contrast, the PIS consists of isolated
clones with no network organization, devoid of connectivity
with molecular self; their role in normal physioclogy is the
development of specific immune responses to external antigens,
characterized by rapid and large clonal amplifications, in a
typical stimulus-response allonomous behaviour, essentially

regulated by antigen alone.

These perspectives offer new insights to the
questions of pathological autoimmunity and the establishment
of peripheral, post-thymic tolerance, particularly, the
acquired tolerance to transplantation antigens. It is our
conviction that the possibility of analysing the physiology
of auto-immunity, so far unacceptable in conventional theory,
will contribute to a better understanding of its pathological
disturbances. Concrete prospects are that autoimmune pathology
will be related to disturbances in functional connectivity,
such that a possible therapeutic approach would be the reinfor-
cement of the CIS, aiming at connecting the pathologically
"disconnected" autoreactive clones. The recent therapeutic
success of the injection of large amounts of normal immuno-
globulin in a variety of autoimmune diseases would support

this contention. Conversely, the analysis of clonal repertoires
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in mice that were neonatally tolerized to allogeneic tissue
grafts has revealed that tolerance occurs in the absence of
clonal deletion and correlates with "natural activation” of

the specific alloreactive cells. It would be possible, there-
fore, to consider specific manipulations of adult individuals,
aiming at recruiting into the CIS from the PIS, the appropriate

alloreactive lymphocytes before organ transplantation;

The most exciting possibility open by the present
views is, however, the whole area that could be designated as
"immunosomatics". Given that physiological tolerance does
not represent ignorance of the molecular somatic self, but
rather, the dynamic equilibrium between self and the immune
network components, it would appear that manipulating the
CIS could provide corrections or compensations to malfunctions
in other biological systems, even if they would not have an

immunological ethiopathogeny.
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Efforts to understand the mechanism of self-tole-
rance focus on two central issues. Firstly, how do variables
such as the time and site of antigen encounter or the presence
or absence of "costimuli" influence tolerogenicity versus
immunogenicity of autologous antigens? Secondly, what cellular
mechanisms keep potentially self-reactive cells silent? Given
the diversity of self-antigens which must be tolerated, and
the diversity of lymphocytes which must be tolerized, it
seems likely that different solutions will be used in different
situations. Ideally, we need to be able to manipulate both
the pattern of expression of self-antigens, and the frequency
and receptor status of self-reactive cells. Transgenic mice
provide the genetic tools with which to achieve these manipu-

lations.

We have used hen egg lysozyme (HEL)} as a model
self-antigen by generating multiple lines of HEL-transgenic
mice, and focussed on the fate of self-reactive B-cells by
mating HEL-transgenic mice with anti-HEL immunoglobulin

transgenic mice. In the resulting "double-transgenic" offspring,
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tolerance to HEL is maintained by a mechanism which -efficiently
silences HEL-binding B-cells but does not result in clonal
deletion of these B-cells. The silencing phenomenon is inti-
mately linked to a dramatic downregulation of membrane IgM

but not IgDh on the B-cells, is capable of acting on mature
B-cells, is dependent on the concentration of HEL in the

mice, and is reversible when the B-cells are removéd from
constant stimulation by HEL. These features of the silencing
mechanism seem well suited to maintaining self-tolerance

in the B-cell repertoire, where hypermutation of receptors

in mature B-cells poses a unique regulatory problem.
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A number of B lymphoma-derived cell lines
arrest their growth upon treatment with anti-immunoglobulin,
used as a surrogate for antigen. Of these, the most intensively
studied is WEHI-231l. The cell surface phenotype of these
cells is similar to that of normal immature B cells. The
growth of these cells is inhibited by over 90% within 24 hr.
after the addition of anti-Ig, and completely soon thereafter.
This growth inhibition is overridden by the presence of lym-
phokines derived from activated helper T cells or by the pre-
sence of polyclonal B cell activators such as bacterial
lipopolysaccharide (LPS). Similarly, antigen-induced clonal
anergy or deletion of normal immature B cells fails to occur
in the presence of LPS or carrier-primed helper T cells.

Thus, by a number of criteria, the anti-Ig-induced growth
inhibition of WEHI-231 cells is similar to the clonal anergy

or deletion response of immature B cells to antigen.

We have demonstrated that anti-Ig triggers the
phosphoinositide signal transduction pathway in WEHI-231
cells, as is also true in mature splenic B cells. Anti-Ig
stimulates phospholipase C to hydrolyze PIP2, generating
diacylglycerol, which activates protein kinase C, and inositol
triphosphate, which induces elevation of intracellular
calcium, a well-established second messenger. For most recep-

tors, a given receptor always induces generation of the same
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second messengers, regardless of the cell type in which it

is found or the biological response that is generated. Different
responses can reflect different downstream events triggered

by the same second messengers in different cells. Therefore,

it is possible that membrane Ig (mIg) signals via PIP2 hydro-
lysis in both mature B cells, where antigen triggers growth
promoting responses, and in immature B cells, where antigen
induces clonal anergy or deletion. Nonetheless, the demons-
tration that mIg induces phosphoinositide signaling does

not necessarily mean that this is the only signaling mechanism
of mIg, or even that it is the signaling reaction that mediates
the biological response. We have utiiized phorbol esters

(which activate protein kinase C like diacylglycerol) and
calcium ionophores to see whether mimicking phosphoinositide
second messengers will result in growth inhibition. Reasonable
doses of these two pharmacological agents do induce growth
inhibition when used in combination. By a number of criteria,
the growth inhibition induced by the combination of phorbol
ester and calcium ionophore is similar to the growth inhibition
induced by anti-Ig. For example, in each case the cells

arrest in G1 phase of the cell cycle and LPS overcomes the
growth inhibition. The growth inhibition induced by phorbol
ester + ionophore is, however, slower and less efficient,
suggesting that a third intracellular mediator may be involved

in addition to diacylglycerol and calcium.
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An advantage of cell lines such as WEHI-231 is
the possibility of isolating mutants with altered properties.
We have isolated over 30 independent mutants of WEHI-231 that
fail to arrest growth in response to anti-Ig. Some ot these
mutants fail to make normal amounts of mIgM. More interesting
mutants have normal membrane IgM, but are defective in either
signal transduction or response to second messengers. One
of these mutants appears to be defective in phospholipase C,

the enzyme that hydrolyzes PIP., upon receptor stimulation.

2
A second mutant has normal generation of phosphoinositide
second messengers but does not exhibit growth arrest in
response to either anti-Ig or to phorbol ester + ionophore.
This mutant suggests that the diacylglycerol and/or calcium
second messenger pathways are required for the growth arrest
in response to anti-Ig. Several other mutants appear to be
defective in the continued elevation of intracellular calcium,
although immediate elevation of intracellular calcium is
normal. Thus, the phenotypes of these mutants support the
idea that membrane Ig-stimulated phosphoinositide breakdown
mediates growth inhibition in this cell line. Further experi-
ments will be required to determine whether antigen-induced

clonal anergy of immature B cells is also mediated by this

signal transduction pathway.
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The products of some alleles of some mouse genes
(eg. Mls) react with all mouse T cells bearing a particular

V@ as part of their uQ T cell receptors. Consequently, T

cells bearing these target Vp's are deleted in mice expressing

these so-called super antigens. This is not an artifact

peculiar to laboratory mice. Deletions of this type are

common in wild mice too. Super antigens with similar properties

are also produced by microorganisms and include a group of
toxins produced by staphylococcus aurens. Some of the patho-

genic properties of these toxins may be the consequence of

T cell stimulation. Super antigens may exist in mice to delete

the T cell targets of some bacterial toxins and thereby

protect the host animal against toxic attack.
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SUMMARY

The workshop was organised to allow separate
discussion of tolerance of a@ T cells and B cells. Since so
very little is known at the moment about the specificity and
function of-r5 T cells, tolerance of this type of lymphocyte

was not discussed.

T cell tolerance to antigens which are expressed
in the thymus is caused by clonal deletion of potentially
reactive thymocytes at a particular maturational stage. This
deletion is presumably caused by engagement of the receptors
on developing T cells with antigen. Several different types
of experiments have documented this phenomenon, some involve
anti-Vp or anti—q@ antibodies, others, transgenic mice.
Experiments described at this workshop suggested that the
stage at which thymocytes become sensitive to such deletion
can be quite tightly defined, it appears to be at some time
after the maturing cell has expressed receptors on its

surface, but before the cell has become fully functional.

With the idea that T cell tolerance can be caused
by clonal deletion firmly in mind, the question arose whether
this is the only mechanism that causes nonresponsiveness in

these cells, or whether perhaps evolution has designed another,
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failsafe mechanism, to deal with self components which are

not well represented in the thymus or which appear late in
development, for example at adolescence. Several presentations
at the workshop suggested alternate methods for the esta-
blishmenf of T cell nonresponsiveness. For example, T cells

in chickens or mice can be rendered nonresponsive to tissue
grafts carrying antigens which should not reach the thymus.
Although not completely established, it is possible that this
type of nonresponsiveness is caused by clonal anergy rather
than deletion, as experiments in tissue culture and in animals
have shown. Most exciting of all is the possibility, raised
at this workshop, that such anergy can be deliberately induced
by appropriate treatment of the host. Were such protocols to
become available they would have tremendous implications for

transplantation and treatment of autoimmune disease.

B cell tolerance appears to be an entirely different
matter. 0ld and new experiments have indicated that complete
tolerance to self on the part of B cells does not exist, nor
is it to be expected. B cells do seem to be monitored for self
reactivity, at least in part, however. This was best illustra-
ted at the workshop by experiments involving transgenic mice,
expressing antibody against self. In these animals B cell
nonresponsiveness appeared to be controlled by clonal anergy.

Examination of antibodies produced in autoimmunity supports
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in part this point of view, most self reactive B cells appear
to be silenced with only a few slipping through the screening
process of tolerance to produce autoantibodies. Why and how

some B cells are not inactivated was a debated question, and
the idea was raised that anergy is usually maintained through
an antibody network, through aberrations of which B cells may

sometimes escape.

Overall the workshop succeeded well its purpose.
The issues and different mechanisms of tolerance were all
discussed, and in some areas unexpected concensus was reached.
Much remains to be done, but the prospects for a theoretical
understanding of the matter, coupled with the many potential
therapeutic applications of such understanding will lead to
a good deal of vigorous research on the matter in the future,

in Spain and elsewhere.



Fundacion Juan March (Madrid)



83

LIST OF INVITED PARTICIPANTS

Antonio Arndiz Villena
Carmelo Bernabeu

Luis Enjuanes

Manuel Fresno Escudero
Federico Garrido Torres-Pujol
M.? Luisa Gaspar

Carmen Gutiérrez Martin
Antonio de la Hera Martinez
Miguel Lépez-Botet Arbona
José Antonio Lépez de Castro
Jesis Merino Pérez

Manuel Ortiz de Landazuri
José Peiia Martinez

Pablo Pereira

Ricardo Pujol Borrell

Francisco X. Real

Jos¢ Ramén Regueiro y Gonzéilez-Barros
Yolanda Revilla Novella
Santiago Rodriguez de Cérdoba
Miguel A. Rodriguez Marcos
José M.? Rojo Herndndez
Augusto Silva Gonzélez

M.? Chamorro Somoza Diaz-Sarmiento
M.? Luisa Toribio

Jordi Yagiie Ribes

Agustin G. Zapata Gonzélez



Fundacion Juan March (Madrid)



Fundacion Juan March
SERIE UNIVERSITARIA

PUBLISHED TEXTS

Green Series

( Mathematics, Physics, Chemistry, Biology, Medicine)

2 Mulet, A.:
Estudio del control y regulacién, me-
diante un calculador numérico, de una
operacion de rectificacion discontinua.

4 Santiuste, J. M.:
Combustion de compuestos oxigena-
dos.

5 Vicent Lépez, J. L.
Peliculas ferromagnéticas a baja tem-
peratura.

7 Salvd Lacombe, J. A.:
Mantenimiento del higado dador in
vilro en cirugia experimental.

8 Pla Carrera, J.:
Estructuras algebraicas de los siste-
mas légicos deductivos.

11 Drake Moyano, J. M.
Simulacion electrénica del aparato
vestibular.

19 Purroy Unanua, A.:
Estudios sobre la hormona Natriuré-
tica.

20 Serrano Molina, J. S.:
Analisis de acciones miocardicas de
bloqueantes Beta-adrenérgicos.

22 Pascual Acosta, A.:
Algunos tépicos sobre teoria de la in-
formacién.

25 | Semana de Biologia:
Neurobiologia.

26 | Semana de Biologia:

Genética.
27 | Semana de Biologia:
Genética.

28

29

30

39

44

45

47

48

49

50

51

Zugasti Arbizu, V.:
Analizador diferencial digital para con
trol en tiempo real.

Alonso, J. A.:
Transferencia de carga en aleaciones
binarias.

Sebastidn Franco, J. L.:
Estabilidad de osciladores no sinu-
soidales en el rango de microondas.

Blasco Olcina, J. L.:

Compacidad numerable y pseudocom-
pacidad del producto de dos espa-
cios topolégicos.

Sanchez Rodriguez, L.:
Estudio de mutantes de saccharomy-
ces cerevisiae.

Acha Catalina, J. I.:
Sistema automatico para la explora-
cion del campo visual.

Garcia-Sancho Martin, F. J.:
Uso del acido salicilico para la me-
dida del pH intracelular.

Garcia Garcia, A.:

Relacion entre iones calcio, farmacos
ionéforos y liberacion de noradrena-
lina.

Trillas, E., y Alsina C.:
Introduccion a los espacios métricos
generalizados.

Pando Ramos, E.:
Sintesis de antibi6éticos aminoglicosi-
dicos modificados.

Orozco, F., y Lopez-Fanjul, C.
Utilizacion optima de las diferencias
genéticas entre razas en la mejora.



52

55

56

57

59

63

65

66

69

76

80

82

84

86

Gallego Fernandez, A.:
Adaptacién visual.

Castellet Solanas, M.:
Una contribucién al estudio de las
teorias de cohomologia generalizadas.

Sanchez Lazo, P.:

Fructosa 1,6 Bisfosfatasa de higado
de conejo: modificacion por proteasas
lisosomales.

Carrasco Llamas, L.
Estudios sobre la expresion genética
de virus animales.

Alfonso Rodriguez, C. N.:
Efectos magneto-6pticos de simetria
par en metales ferromagnéticos.

Vidal Costa, F.
A la escucha de los sonidos cerca de
T). en el 4, liquido.

Andréu Morales, J. M.:
Una proteina asociada a membrana y
sus subunidaes.

Blazquez Fernandez, E.:

Desarrollo ontogénico de los recep-
tores de membrana para insulina y
glucagén.

Vallejo Vicente, M.:
Razas vacunas autictonas en vias de
extincion,

Martin Pérez, R. C.:
Estudio de la susceptibilidad magne-
toeléctrica en el Cr.0; policristalino.

Guerra Suarez, M. D.:
Reacciéon de Amidas con compuestos
organoaluminicos.

Lamas de Leodn, L.:
Mecanismo de las reacciones de ioda-
cion y acoplamiento en el tiroides.

Repollés Moliner, J.:

Nitrosacion de aminas secundarias co-
mo factor de carcinogénesis ambien-
tal.

Il Semana de Biologia:
Flora y fauna acuaticas.

87
88
89

91

92

93

95

96

101

103

105

106

107

111

H Semana de Biologia:
Botanica.

Il Semana de Biologia:
Zoologia.

Il Semana de Biologia:
Zoologia.

Viéitez Martin, J. M.:
Ecologia comparada de dos playas de
las Rias de Pontevedra y Vigo.

Cortijo Mérida, M., y Garcia Blan-
co, F.:

Estudios estructurales de la glucége-
no fosforilasa b.

Aguilar Benitez de Lugo, E.:
Regulacion de la secrecion de LH y
prolactina en cuadros anovulatorios
experimentales. -

Bueno de las Heras, J. L.:

Empleo de polielectrolitos para lo flo-
culacion de suspensiones de particu-
las de carb6n.

Nafez Alvarez, C., y Ballester Pé-
rez, A.:

Lixiviacién del cinabrio mediante el
empleo de agentes complejantes.

Fernandez de Heredia, C.:
Regulacion de la expresién genética
a nivel de transcripciéon durante la di-
ferenciacion de Artemia salina.

Guix Pericas, M.

Estudio morfométrico, Gptico y ultra-
estructural de los inmunocitos en la
enfermedad celiaca.

Llobera i Sande, M.:
Gluconeogénesis «in vivo» en ratas
sometidas a distintos estados tiroi-
deos.

Usén Finkenzeller, J. M.:
Estudio clasico de las correcciones ra-
diactivas en el atomo de hidrégeno.

Galian Jiménez, R.:
Teoria de la dimensidn.

Obregon Perea, J. M.:
Deteccion precoz del hiporitoidismo
congénito.



115

121

122

125

127

129

131

132

136

139

140

141

Cacicedo Egiies, L.

Mecanismos moleculares de accion de
hormonas tiroideas sobre la regula-
cion de la hormona tirétropa.

Rodriguez Garcia, R.:
Caracterizacién de lisozimas de dife-
rentes especies.

Carravedo Fantova, M.:
Introduccién a las Orquideas Espa-
folas.

Martinez-Almoyna Rullan, C.:
Contribucién al esutdio de la Mano-
metria Ano-rectal en nifios normales
y con aletraciones de la continencia
anal.

Marro, J.:

Dinamica de transiciones de fase:
Teoria y simulacién numérica de la
evolucion temporal de aleaciones
metalicas enfriadas rapidamente.

Gracia Garcia, M.:

Estudio de ceramicas de interés ar-
queolégico por especrtoscopia Mdss-
bauer.

Garcia Sevilla, J., A.:

Recepotres opiaceos, endorfinas y re-
gulacién de la sintesis de monoami-
nas en el sistema nervioso central.

Rodriguez de Bodas, A.:

Aplicacion de la espectroscopia de
RPE al estudio conformacional del ri-
bosoma y el tRNA.

Aragén Reyes, J. J.:
Interaccién del Ciclo de los Purin Nu-
cledticos con el Ciclo del Acido Ci-
trico en Misculo Esquelético de Rata
durante el Ejercicio.

Genis Gélvez, J. M.:
Estudio citolégico de la retina del ca-
maledn.

Segura Camara, P. M.:

Las sales de tiazolio ancladas a so-
porte polimérico insoluble como cata-
lizadores en quimica organica.

Vicent Lopez, J. L.:

Efectos anémalos de transporte eléc-
trico en conductores a baja tempe-
ratura.

143

145

147

150

151

152

154

156

157

158

161

Nieto Vesperinas, M.:

Técnicas de prolongacion analitica en
el problema de reconstruccion del ob-
jeto en optica.

Arias Pérez, J.:
Encefalopatia portosistémica experi-
mental.

Palanca Soler, A.:
Aspectos Faunisticos y Eoclégicos de
Carabidos Altoragoneses.

Vioque Cubero, B.:

Estudio de procesos bioquimicos im-
plicados en la abscision de la acei-
tuna.

Gonzalez Lépez, J.:
La verdadera morfologia y fisiologia
de Azotobacter: células germinales.

Calle Garcia, C.:

Papel modulador de los glucocorticoi-
des en la poblacion de receptores pa-
ra insulina y glucagén.

Alberdi Alonso, M:* T.:
Paleoecologia del yacimiento del Neé-
geno continental de Los Valles de
Fuentidueiia (Segovia).

Gella Tomas, F. J.:

Estudio de la fosforillasa kinasa de hi-
gado y leucocitos: purificacion, carac-
teristicas y regulacién de su actividad.

Margalef Mir, R.:

Distribucion de los macrofitos de las
aguas dulces y salobres del E. y NE.
de Espaiia y dependencia de la com-
posicion quimica del medio.

Alvarez Fernindez-Represa, J.:
Reimplantacion experimental de la ex-
tremidad posterior en perros.

Tomas Ferré, J. M.

Secrecion y reutilizacion de trifosfato
de adenosina (ATP) por sinaptosomas
colinérgicos.

Ferrandiz Leal, J. M.:
Estudio analitico del movimiento de
rotacion lunar.



164

165

166

168

169

171

173

174

180

182

183

193

195

Rubié Lois, M.; Uriz Lespe, M:> J., y
Bibiloni Rotger, M. A.:

Contribucién a la fauna de esponjas
del litoral catalan. Esponjas coérneas.

Velasco Rodriguez, V. R.:
Propiedades dinamicas y termodinami-
cas de superficies de sélidos. .

Moreno Castillo, I.:
Ciclo anual de zooplancton costero
de Gijon.

Duran Garcia, S.:

Receptores insulinicos en hipotalamo
de rata: localizacién subcelular y me-
canismo(s) de regulacién.

Martinez Pardo, R.:

Estudio del mecanismo secretor de
hormona juvenil en oncopeltus fas-
ciatus.

Garcia Jiménez, J.:
Fusariosis del gladiolo: un estudio
preliminar.

Fernandez Aléez, C.:
Analisis estructural en sabinares de
la provincia de Ledn.

Furio Egea, J.:

Citokinas en agrios. Actividades en-
dégenas, efectos fisiolégicos y apli-
caciones.

Moreno Rodriguez, J. M.

Estudios ecoldogicos en jarales (cis-
tion laurofolii): Variacién anual de al-
gunos factores del entorno y manifes-
taciones fenoldgicas.

Pons Vallés, M.:
Estudios espectroscépicos de fosfoli-
pidos polimerizables.

Herrero Ruiz de Loizaga, V. J.:

Estudio de reacciones quimicas por
haces moleculares. Aplicacion a la
reaccion C.H:Br + K Brk + C:H..

Martin Garcia, V. S.:

Utilizacion sintética en quimica orga-
nica de metales pesados como cata-
lizadores. Oxidacion asimétrica.

Badia Sancho, A.:
Receptores presinapticos en el con-
ducto deferente de rata.

196

197

203

211

240

244

Estévez Toranzo, A.:

Supervivencia de patégenos bacteria-
nos y virales de peces en sistemas
de cultivo.

Lizarbe Iracheta, M2 A.:
Caracterizacién molecular de las es-
tructuras de coléageno.

Lopez Calderén, L.:

Clonacién de genes de «Saccharomy-
ces cerevisiae» implicados en la re-
paracion y la recombinacion.

Ayala Serrano, J. A.:

Mecanismo de expresién de la PBP-3
de «E. colin: Obtencién de una cepa
hiperproductora de la proteina.

Genetic Strategies in Development.
Symposium in honour of Antonio Gar-
cia Bellido. Lectures by S. Ochoa,
S. Brenner G. S. Stent, E. B. Lewis,
D. S. Hogness, E. H. Davidson, J. B.
Gurdon, F. Jacob.

Course on Genome Evolution.
Organized by E. Vifuela. Lectures by
R. F. Doolittle, A. M. Weiner/N. Mai-
zels, G. A. Dover, J. A. Lake, J. E.
Walker, J. J. Beintema, A. J. Gibbs,
W. M. Fitch, P. Palese, G. Bernardi,
J. M. Lowenstein.



Fundacion Juan March (Madrid)



Fundacion Juan March (Madrid)



Fundacion Juan March (Madrid)



