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PROGRAMHE 

l. Thursday, June 13th: 

A.F. Williams 

P. Hoingeon 

P. Aparicio 

H. He 

S.J. Burakoff 

IHMUNOGI,OBULIN SUPERFAHIL Y 
Chair: A.F. Williams 
Co-chair: S.J. Burakoff 

- The structure of the coi T lympho­
cyte antigen and its function in 
signal transduction. 

- Structural and functional charac­
terization of human CD2. 

- Short presentation. 

- Short presentation. 

- The role of CD4 and CD2 in T cell 
activation. 

A.de Fougerolles - Short presentation. 

B. Halissen 

J.A. López 
de Castro 

D. Jaraque11ada 

R.R. Lobb 

2. Friday, June 14th: 

T.A. Springer 

C. Figdor 

T.A. Yednock 

J.A. Brieva 

A.A. Postigo 

- The T cell receptor-CD3 complex is 
composed of at least two autonomous 
transduction modules. 

- Clona! heterogeneity in LFA-3 and 
ICAM-1 requirement for lysis by 
alloreactive T lymphocytes. 

- Short presentation. 

- Vascular cell adhesion molecule 1: 
current studies. 

INTEGRIN FAMILY 
Chair: T.A. Springer 
Co-chair: S. Shaw 

- Cooperation between leukocyte rolling 
on a selection and adhesion 
strengthening through integrins. 

- Activation of LFA-1: Role of cations. 

- Short presentation. 

- Short presentation. 

- Short presentation. 
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INTRODUCTION 

Thc last years havc seen dramatic advances in our understanding of ccllular odhcsion. 
Tiic mechanisms of leukocyte interactions with other cells and with the extraccllular matrix 
can now be cxplaincd in tcrms of molecular rccognltlon mcdiatcd by ccll membranc 
glycoprotclns of three supergene familics : IMMUNOOLOBUUNS, INTEGRINS AND 
SELEcnNS. Proccsscs such as immunc rccognition, lcukocyte migration into inflammatory 
siles and lymphoid organs, and tumor metastasis have been found to be dependen! on thc 
functlon of thcsc adhcsion molcculcs. 

Thc idcntification ami charactcrization of ncw adhcsion molcculcs and thcir ligand 
spccificity, the molecular mechanisms of their interaction with countcr-reccpton; and 
cytoskelcton, and their cffcct on the rcgulation of gene expression are arcas of vcry active 
rcscarch. The determination of the relevan! functional sitcs on the lcukocytc reccptors and 
thcir threc-dimensional structure are of grcat intercst to allow the <lcfinition of hlghly potcnt 
thcrapeutlc tools to preven! advcrsc immunologlcal and inflammatory reactions in diffcrcnt 
critica! pathological stiualions. 

The Workshop heltl in Cuenca was dcsigncd to bring togcthcr rcscarchcrs activcly 
working on the molecular mechanisms of lcukocyte interactions. 'lñc following aspccts were 
covcrcd and discussed: adhesion reccptors from the Ig supcrfamily, structurc-function of 
integrins, functional rcgulation of inlcgrins, slructure function of homing rcccptors, adhcsion 
rcccptors and signa! transduclion and role of adhesion rcccplors in inflammation. 
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The Shllcture of the CD2 T Lymphocyte Antigen and Its Function in Signa) Transduction 

Alan F. Williams+, Paul Driscoll*, lain Campbell*, Jason Cyster+, Louise Spruyt+, 

Albert Beyers+ and Martin Glennie" 

+MRC Cellular Immunology Unit, Sir William Dunn School of Pathology, University of 
Oxford, Oxford OX 1 3RE; *Department of Biochemistry, University of Oxford, Oxford 
OX 1 3QU; "Tenovus Research laboratory, Tremona Rd, Southampton S09 4XY. 

Domain 1 of the rat CD2 antigen was expressed as a fusion protein with glutathione S­
transferase in the pGEX expression system and the product was purified on a glutathione 

agarose affinity column. The CD2 domain was released from the fusion protein by 

cleavage with thrombin and purified by antibody affinity chromatography and gel filtration. 

The CD2 domain was expressed in a form labelled with l5N as well as in the 14N form. 

The shllcture of the CD2 domain was solved using NMR techniques to revea! an Ig V­

domain fold. In the core of the fold the disposition of 13-strands was ·very similar to that of 
strands in Ig VL and Ytt domains and CD4 domain 1. Residues previously determined to 

be involved in the binding of LFA-3 by Peterson & Seed were found to map to the face of 

one of the 13-sheets mak.ing up the lg-like fold. 

The requirements for signa! transduction via CD2 were investigated in terms of which other 

molecules were necessary to be expressed at the cell surface for CD2 to function. Previous 
studies had showed that CD2 functioned in T cells or NK cells and that signalling was poor 

in T cell lines that lacked a T cell receptor (TCR). Thus it was thought that in NK cells, 

which are TCR negative, there must be another molecule that was functionally equivalen! to 
the TCR. One candidate was the CD16 Fe receptor which is expressed at the cell surface 

along with y-chain which is related in sequence to C-chain of the TCR complex. On T cells 

CDl6 can be expressed in a complex with C-chain and it seemed possible that signalling 

might occur on a TCR negative cell line that expressed the CDI 6:C complex. Jurkat cells of 
this phenotype were thus constructed and at first signalling in terms of a rise in cytoplasmic 

free [Ca2+] was observed using F(ab')2 anti-Cp2 MAb crosslinked with F(ab')2 rabbit 

anti-mouse IgG second antibody. However IgG was found to be a contaminant in the 
second antibody ata leve! of 1 % and when this was removed the signa) transduction effect 

was lost. Signa! transduction on NK cell lines was then reinvestigated and it was found 

that crosslinking of CD2 gave a ca2+ signa! only when there was sorne IgG contaminating 

the F(ab')2 preparations. It is thus concluded that the presence of C-chain at the cell surface 

is not sufficient for signalling via CD2 and that efficient signalling does not occur on NK 
cells unless the Fe receptor is bound to the crosslinked CD2 complex. 

Fundación Juan March (Madrid)
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STRUCTURAL AHD FUNCTIONAL CHARACTERIZATION or HUMAN 

C.12.2...;. 
Philippe MOINGEON and Ellis L.REINHERZ, Laboratory of 
Irnrnunobiology, Dana Farber Cancer Institute, Harvard Medical 
School, Boston, USA. 
CD2 facilitates T cell responses by mediating adhesion 
between T lymphocytes and their cognate partners and by 
transducing activation signals. 
We have demonstrated that in T lymphocytes signal 
transduction through the CD2 molecule requires surface 
expression of the CD3-Ti antigen/MHC receptor complex(TCR). 
Functional characterization of various forms of CD2 with 
serial truncations within the cytoplasmic domain revealed 
that the cytoplasmic domain of CD2 plays an essential role in 
transduction of activation signals and that the segment 
between residues 253 and 287 is necessary far activation. To 
analyse the apparent TCR independence of CD2 signaling in NK 
cells, we transfected a cDNA encoding the transmembrane forrn 
of CD16 (the low affinity receptor far the Fe fragment of IgG 
) into TCR- variants of the Jurkat cell line. This results 
in surface expression of CD16 in association with endogenous 
CD3 zeta homodimers, and reconstitutes CD2 signaling as seen 
by calcium flux and IL2 production. To test the role of CD3 
zeta in CD2 triggering, we then transfected human CD2 into 
each of two murine T-T hybridomas which express TCR 
containing either a full-length CD3 zeta subunit or a 
truncated CD3 zeta subunit. Given that CD2-mediated signaling 
is observed only in the T cells containing wild type CD3 zeta 
these findings demonstrate that CD2 signal transduction is 
dependent upan the CD3 zeta subunit. 
The CD2 adhesion domain is encoded by a single exon (exon 
2),and binds to LFA-3 with a micromolar Kd.The affinity of 
the CD2 extracellular segment far LFA-3 is not affected by 
truncations in the CD2 cytoplasmic domain which abrogates 
signaling.In addition the adhesion function of such truncated 
versions of human CD2 expressed into murine T cells was 
sufficient in itself to facilitate T lyrnphocyte responses to 
antigenic stimulation. In contrast to the LFA-1 pathway of 
adhesion, protein kinase C activation, TCR stimulation or 
increasing intracellular levels of cAMP have no detectable 
effects on CD2 mediated adhesion as seen using cell-cell 
binding assays. The TCR independence of CD2 adhesion function 
implies a critica! role of the CD2 pathway of adhesion in 
initiating cell-cell interactions prior to TCR engagernent 
and LFAl-ICAM-1 binding and suggests a sequential rather than 
parallel involvement of adhesion pathways during T cell 
responses. 

Fundación Juan March (Madrid)
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T~e role of CD4 and CD2 in T eell activation 

Steve J. Burakoffº, Tassie Collins0
, William Hahn°, 

Robert Hittler• and Barbara E. Bierer0 + 

We have studied the role of several T cell co-receptors in T cell ac­
tivation. Recently, we have observed several novel functions associated with 
the CD4 and CD2 molecules . By fluorescence resonance energy transfer (FRET), 
we have previous:¡.y demonstrated that upon anti-CD3 monoclonal antibody 
mediated activation of a CD4+ T cell hybridoma , CD4 moves into close associa ­
tion with the T cell receptor (TCR)/CD3 complex. It was shown that this as­
sociation between CD4 and the TCR/CD3 complex was dependent upon th~ presence 
of an intact CD4 cytoplasmic domain . Ye have now expressed, in a murine T cell 
hybridoma, mutated forms of CD4 containing cysteine to serine point mutations 
at positions 420, 422, or 430. The ~tations at positions 420 and 422, but not 
430, abolish association with p5610 . Using ~~T. we demonstrated that muta­
tions of CD4 which fail to interact with p56 e are unable to associate with 
the TCR/CD3 complex under conditions in which wild-type CD4 and the 430 mutant 
CD4 do associate with the TCR/CD3 complex . We propose that the association be­
tween CD4 and the TCR/CD3 complex d~r~ng T cell activation is dependent on fh~ 
ability of CD4 to tnteract with p56 e , suggest1ng that a substrate for p56 e 
may be expressed in the TCR/CD3 complex. 

While the TCR/CD3 complex confers the ability to recognize specific an­
tigen, the T cell·specific proteins CD2 and lymphocyte function•associated 
molecule-1 (LFA·l, CD1la/CD18), by binding to their ligands on target cells, 
provide the T cell with two major mechanisms for regulating cellular adhesion. 
The T cell glycoprptein CD2 not only increases intercellular adhee1on but also 
plays a direct role in T cell activation. We have now demonstrated that the 
1ntornot1on of CD2 with ISA 3 io rosulotod by TCR./CD3 oign~ling. Ucing hum2n 
peripheral blood T cells and murine T cell hybridomas expressing hUllan CD2, we 
showed that TCR/CD3 crosslinking by specific ant1gen or monoclonal antibodies 
rapidly increases the avidity of adhesion between cell surface CD2 and im­
munoaffinity purified LFA-3. Upregulation of CD2 avidity was dependent on both 
protein kinase C (PKC) and tyrosine kinase activity. Using murine T cell 
hybridomaa express1ng human CD2 cytoplasmic domain deletion mutants, we showed 
that the five carboxyterminal a.mino acids of the CD2 cytoplasmic domain are 
essential for TCR/CD3·induced increases in CD2 avidity but not for CD2-
mediated T cell ac·e1vation. These observations establhh that the cytoplaamic 
portion of CD2 con~ists of distinct functional domaine. 

ºDtvision of Pediatric Oncology, Dana Farber Cancer Institute, +nivision of 
Hematology-Oncology, The Brigham and ~omen's Hospital, The Departiaents of 
Pediatrics and M~dicine, Harvard Medica! School, Boston, MA. 02115 and 
Bristol-Hyers, Yallingford, CN . 
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The T cell receptor-CD3 complex is composed or at least two autonomous transduction 

modules. 

Anne-Marie Wegener, Fran~ois Letoumeur, and Bemard Malissen. 

Centre d'Immunologie INSERM-CNRS de Marseille-Luminy 

Case 906 13288 MARSEILLE CEDEX 9 France. 

Antigen recognition by most T cells is mediated through a clonally expressed af3 

heterodimer know as the antigens-specific T cell receptor (TcR). This TcR is noncovalently 

associated with a set of five polypeptides denoted CD3--,, -6, -t, -r and .,, and thought to be 

involved in signal transduction. CD3--,, -6, and -( chains are structurally and genetically 

related. The CD3-r subunit exist predorninantly as a 32 kD homodimer within the TcR­

CD3 complex and is structurally and genetically distinct from the other CD3 polypeptides. 

To analyze the functional role of the CD3-r chain, we have created partial or almost 

complete deletions of the CD3-r gene and transfected it into a CD3-r negative thymoma 

variant. In parallel, a set of CD8a/CD3r chimeric molecules was constructed and 

expressed by gene transfer into the BW5147 a ·p- variant of the BW5147 thymoma. 

Deletion of the cytoplasrnic tail of the CD3-r does not dramatically affect the surface 

expression of the reconstituted TCR-CD3 complex. Moreover the surface expressed TcR­

CD3 complex expressing the tailless CD3-r polypeptide are still able to stimulate IL-2 

production in response to antigen, superantigen or the anti-CD3-t monoclonal antibody 

2Cll. However, in contrast to wild-type TcR-CD3 complexes, the above mutated 

complexes do not transduce signals initiated via other surface molecules such as Thy-1 or 

Ly-6. 

When considered together with the analysis of the functional ability of the 

CD8a/CD3-chimeras, these results suggest that the TcR/CD3 complex is composed of at 

least two autonomous transduction modules (i.e. r-r and .., ( 6 ( ). Furthermore, each of 

these modules may be differentially connected to accessory molecules such as Thy-1, Ly-6 

orCD2. 
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CLONAL HETEROGENEITY IN LFA-3 ANO ICAM·l REQUIREMENT FOR LYSIS BY 
ALLOREACTIVE T LYMPHOCYTES. Begof\a Galocha, Danlel LóJ>H, Susana Rojo and 
José A. López de Castro. Fundación JJménez Dfaz y C.S.l.C. Avda. Reyes Católicos, 2 
28040 Madrid (Spaln). 

IIlA-B27-specific cytotoxic T Lymphocytes are heterogeneous in their capacity to lyse 
the murine mastocytoma cell line P815 transfected with IIlA-B27. Failure to kill mouse 
transfectants may be due to insufficient avidity of the human effector cells towards the 
murine targets, as these lack sorne of the ligands for human T cell adhesion molecules. 
Altematively, it might imply alteration of HlA-B27-specific T cell epitopes upon 
expression of HlA-B27 on mouse cells. To discem between these altematives two 
approaches were undertaken. First, various anti-B27 CTL clones were selected with highly 
similar fine specificity, as measured with a series of IIlA-B27 structural variants, but 
differing in avidity on the basis of blocking experiments with an anti-CDS monoclonal 
antibody. For these particular clones, their capacity to lyse mouse transfectants correlated 
directly with avidity (1). Second, P815 cells were cotransfected with IIlA-B27, human 
ICAM-1 and LFA-3, and these transfectants were used as targets against a series ofIIlA· 
B27 specific CTL clones. Sorne clones with low lytic activity towards IIlA-B27+ P815 cells 
showed markedly increased Iysis of the transfectants co-expressing human adhesion 
molecules. However, a significant fraction of the CTL examined were unable to kill mouse 
targets regardless of the presence of human ICAM-1 and LFA-3. These results strongly 
suggest that many HlA-B27-specific epitopes are altered upon expression on mouse cells. 
Presumably this is due to involvement of tissue and/or species-specific peptides in 
recognition by the corresponding CTL clones. Subtle alterations of these epitopes, probably 
reflecting recognition of distinct but structurally related peptides, can also be detected for 
clones recognizing mouse transfectants. This was shown by demonstrating changes in the 
fine specificity pattems of one such CTL clone in the killing of a series of IUA-B27 
mutants expressed on either human or mouse target cells (2). 
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VASCULAR CELL ADHESION MOLECULE 1: CURRENT STUDIES 

ROY R. LOBB, BIOGEN INC., CAMBRIDGE, MA, U.S.A. 

Vascular cell adhesion molecule 1 (VCAMl) is a member of the 
immunoglobulin (Ig) superfamily expressed on endothelium at 
inflammatory sites in vivo or stimulated by cytokines in vitro. 
VCAMl is also expressed on macrophage-like and dendritic cells in 
both normal and inflammed tissues. VCAMl binds to the integrin 
VLA4, present on all leukocytes except neutrophils, and helps 
recruit these cells to inflammatory sites in vivo. Two forms of 
VCAMl are generated in vitre by alternative splicing, encoding 
proteins with six and seven Ig-like domains, respectively. No 
tissue- or cell-type specific expression of either form of VCAMl 
has been detected to date, and both forms support VLA4-dependent 
cell adhesion. A truncated cDNA for VCAMl has been constructed, 
stably expressed in CHO cells, and the secreted recombinant soluble 
form of VCAMl (rsVCAMl) purified by immunoaffinity chromatography. 
Immobilized rsVCAMl is a functional adhesion protein which 
selectively binds only VLA4-expressing cells. T cell subset 
analyses indicate preferential binding of memory T cells, and of 
coa+ versus CD4+ T cells. A cDNA encoding murine VCAMl has been 
cloned, contains seven Ig-like domains, and shows 76% identity with 
human VCAMl. Transient expression in COS cells generates a 
functional adhesion molecule which binds both human and murine 
lymphoblastoid cell lines in a VLA4-dependent manner. 
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COOPERACTION BETWEEN LEUKOCYTE ROLLING ON A SELECTION AND 
ADHESION STRENGTHENING THROUGH INTEGRINS 

Timothy A. Springer. The Center for Blood Research, INC. 
BOSTON, MA. (USA). 

Rolling of lcukocytes on vascular endothelial cells, an carly event in 

inflammation, can be rcproduced in vitro on artificial lipid bilayers 

containing purified CD62, a selcctin also named PADGEM and GMP-140 that is 

inducible on endothelial cells. Neutrophils roll on this selectin under flow 

conditions similar to those found in postcapillary venules. Adhesion of resting 

or activated neutrophils through the intcgrins LFA-1 and Mac-1 to ICAM-1 in a 

lipid bilayer does not occur at physiologic shear stresses; however, static 

incubation of activated neutrophils allows development of adhesion that is 

greater than 100-fold more shear resistant than found on CD62. Addition of a 

chemoattractant to actívate LFA-1 and Mac-1 results in the arrcst of 

neutrophils rolling on bilayers containing both CD62 and ICAM-1. Thus at 

physiologic shear stress, rolling on a selectin is a prerequisite for activation-

induced adhesion strcngthening through integrins. 
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Actlvatlon of LFA-1 : Role of catlons. 

Carl Figdor and Yvette van Kooyk. 
Division of /mmunology, The Netherlands Cancer Institute, Plesmanlaan 121, 
1066 CX Amsterdam, Tñe Netherlands. 

Desplte the fact that Iymphocytes express both LFA-1 and ICAM-1 they do 
not spontaneously blnd to each other, indicating that addltlonal signals 
a.re required to induce cell adhesion. Recent data showed that LFA-1 can be 
actlvated through different cell surface receptors expressed by 
lymphocytes, such as CD2, CD3 or MHC class 11 molecules. Actlvation of 
LFA-1 by these receptors involves slgnals transduced via PKC, whlch may 
lead to phosphorylation of the LFA-1~ chaln. However, also fntracellular 
ca2+ levels are generated upon triggerlng of these receptors, wlth kinetlcs 
that correlate directly with LFA-1 dependent adhesion. We have made a 
unique anti-LFA-1 antibody (NKI-L16) whlch activates the LFA-1 molecule, 
resulting in enhanced adhesion to its ligand ICAM-1. The antibody induces 
homotypic aggregation of lymphocytes and monocytes and stlmulates 
adhesion of these cells to endothelium and L cells transfected wfth ICAM-1 
(L-ICAM-1). Monoclonal antlbody NKI-L16 recognlzes a unique Ca2 + 

dependent epitope on LFA-1. We showed that the surface expresslon of the 
epitope recognized by NKI-L16 correlates with the activation/maturation 
state of the cells. Expression is low on resting lymphocytes and monocytes, 
whereas it is induced upon in vitro actlvation of these cells by cytoklnes. 
Furthermore expression of the L16 epitope correlates well aendothellal 
cells, and can thereby determine participation of LFA-1 in cell adheslon. 
From these data it is concluded that LFA-1 can be expressed on the cell 
membrane in an inactive, intermediate aand active state, in which both 
ca2+ and Mg2+ cations play an lmportant role. 
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LEUKOCYTE INTEGRIN ACTIV ATION 

Nancy Hog" Carlos Caballas and Ian Dransfield 

Imperial Cancer Research Fund, Lincoln's Inn Fields, London WC2A 3PX 

LFA-1 is a P2 integrin which mediales adhesive interactions when leukocytes are activated, for 

example during an immune response. It requires the divalent cation Mg2+ to functfon and has three 
putative "EF-hand"-like cation binding domains. The binding of LFA-1 to its Iigand ICAM-1 is 
carefully regulated in order to prevent random cellular clustering or aggregation. There are presently 
thought to be two ways by which an increase in receptor avidity might occur. Receptor clustering would 
give an increase in avidity of binding to ligand, simply by increasing the opportunity for the interaction 
to take place and changes in conformation of the receptor could potentially cause an increase in affinity 
of binding of individual receptor /ligand pairs. The use of monoclonal antibodies defining activation 
states of the integrins such as the P3 integrin GPIIbIIIa, have indicated that conformational changes 
occur extracellularly which correlate with observed induction of functional activity. 

We have characterised a monoclonal antibody (mAb) named 24 which has been shown to bind to a 
novel epitope present on the a subunits of the three leukocyte integrins, LFA-1, CR3 and p150,95 
(Oransfield et al, EMBO J 12, 3759, 1989; Dransfield et al, lmm. Reviews 114, 29, 1990). The effect of 
mAb 24 on leukocyte integrin function has been analysed using systems which are leulcocyte integrin­
dependent, for example antigen presentation by monocytes to T cells (Dransfield et al, submitted). This 
LFA-1-dependent function was found to be inhibited by the presence of mAb 24, implicating the 
recognised epitope as a functionally importan! region of the leukocyte integrins. Recent work has 
centred around activation of leukocyte integrins, using the 24 epitope as a "reporter" of such activation 
with the hope that an understanding might be gained as to how mAb 24 blocks integrin medlated 
events. 

A second novel feature of the 24 epitope Is that its recognition In the lntact heterodlmer Is Mg2+­
dependent and for intact cells, expression parallels receptor activity. We have therefore suggested 
that control of the affinity of Mg2+ binding represents a potential mechanism for regulation of receptor 
function (Dransfield, EMBO J 12, 3759, 1989). Cross-linking studies have shown that the RGD sequence 
recognlsed in matrix proteins by the P3 receptors binds within the cation binding domains, suggesting an 
association between presence of divalent cation and ligand binding to integrin. In spite of the fact that 
neither ICAM-1 nor ICAM-2, possesses such an RGD sequence, we wondered whether mAb 24 would 
directly block binding of LFA-1 to these Iigands. The result has been that binding of LFA-1 to ICAM-1 
or ICAM-2 is unaffected by the presence of mAb 24 (Oransfield et al, submitted). One suggestion would 
be that the mode of binding of Iigand by lntegrins may depend on the type of integrin and/or target 
protein. 

A plausible explanation for the ability of mAb 24 to inhibit P2 integrin functions has corrie from another 
set of experiments, in which the crosslinking of the.CD3/TcR complex causes an increase in the ability 
of LFA-1 to bind to ICAM-1. These experiments have indicated that mAb 24 may be locklng LFA-1 in 
the high avidity or adhesive mode of ICAM-1 binding preventing receptor/ligand deadhesion 
(Dransfield et al, submitted). Why transient adheslon between LFA-1 and ICAM-1 is important for 
progress in an immune response is not yet certain. It may be simply a logistical problem, allowing access 
of large numbers of T cells to antigen presenting cells for a brief period of time. Altematively, there is 
present interest in the possibility that LFA-1 mediales crucial intracellular slgnalling required for the 
T cell programming leading to proliferation. These issues are currently under investigation. Whether 
this type of transient activation is a general feature of the functioning of ali integrins has still to be 
determined. 
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IN VITRO INDUCTION OF EMBRYONIC STEM CELSS TO 
DEVELOP INTO T- AND B- CELL PROGENITORS 

José c. Gutiérrez-Ramos. Basel Institute for Immunology. 
Basel (Switzerland) 

We have defined cultuTe conditions that support in vitro the differentiation of the 
embryonic stem cell line D3 into T-cell progenitors, B-cell progenitors nnd myeloid 

cells as nssesed, at various times of culture, by FACS with a panel of monoclonal 
antibodies against severa} sudace markers (Thyl.2, Pgpl, B220, Joro37.5, IgM, 
F4/80 and Mac-1). We found that different bone marrow stromal and fetal liver 
stromal ccll lines have disúnct capacitics of inducing differentiation of D3 stem cells 
into T- and B-cell progenitors (Thyt+Pgpl+Joro37.5+ or B220+JgM-) and myeloid 
cells (F4/80+ Macl +). Such functional properties of the different stromal cell lines 
can be distinctly modified by recombinant interleukins (IL3,IL4, IL5,IL6 and lL 7) 
when added át different times of culture. Thus, we have beco able to define · a 
precise sequcncc of signals rcquired to induce in vitro embryonic stem cells into T­
and B-ccll progenitors or myeloid cells UndeT certain culture condiúons, the D3 
stem cells develop preferentially along a particular pathw·ay of haemopoietic 
differentiation.Also , if the sequence of signals provided (by stromal cell lines and 
interleukins) is altered, the final products as well as the efficiency of the system 
dramatically change. We shall also prcsent data conceming the functional potential 

of the lymphoid progenitors generated in vitro by the D3 ES cells. 
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Murine lymphocyte adhesion molecules 
involved in cellular interactions and 
activation 

Ko Okumura, M.D. and Hideo 
Yagita, Ph.D. 

Department of lmmunology 
Juntendo University School 
of Medicine 

We recently found that sorne T cell 
surface molecules other than CD2 and 
LFA-1 might be involved in the LAK cell 
cytotoxicity against certain target cells. 
In order to characterized such unknown 
molecules, we established a mAb (RMV-
7) which could inhibit CD2/LFA-l­
independent LAK cell cytotoxicity and 
binding to target cells al the effector 
site. The antigen identified by RMV-7 
was predominantly expressed on 
myeloid cells in .Y.iY.Q. bul appeared on 
splenic T cells late after mitogenic 
stimulation, which is a character of very 
late activation antigens (VLA). The 
RMV-7 antigen was a . noncovalently 
linked heterodimer composed of a 140-
kDa a -chain and 95-kDa P-chain, which 
is reminiscent of integrin superfamily 
molecules. RMV-7 blocked LAK cell 
binding to fibronection (FN), fibrinogen 
(FB), and vitronectin (VN) but not that to 
laminin or type IV collagen, indicating 
that the RMV -7-defined molecule 
(gpl 40/95) is a unique extracellular 
matrix (ECM) receptor. Purified 
gp140/95 - by RMV-7 affinity 
chromatography was cross-reactive with 
rabbit polyclonal antibodies to human 
VN receptor but not with those to 
human FN receptor, suggesting that the 
gp140/95 may be the murine VN 
receptor (av Pt> or its relating molecule. 
One of its ligand, FN, was found on the 
surface of severa! target cells, against 

which LAK cell cytotoxicity was 
inhibited by RMV-7, and LAK cell 
cytotoxicity againt them was blocked by 
anti-FN antibody at the target site. 
Similarly, cytotoxicity of a H-2d-specific 
CTL clone was inhibited by RMV-7 and 
anti-FN antibody as well. These results 
indicate that a VLA-like ECM receptor 
on murine CTL and LAK cells contributes 
to target cell biniding and cytotoxicity. 

We next addressed a possible 
involvement of the gp140/95 in T cell 
activation, and if was revealed that FN, 
VN, and, to a lesser extent, FB as well as 
RMV-7 synergized to induce the serine 
esterase (SE) release from · a CTL clone 
(OE4) and the IL-2 prodnction by a 
helper T cell hybridoma (2B4) when co­
immobilized with a suboptimal dose of 
anti-CD3 mAb. In addition, immobilized 
FN or VN alone could induce both 
responses. Ali these co-stimulatory and 
stimulatory effects of ECM proteins were 

, blocked by soluble RMV-7, indicating 
that the gp 140/95 mediates all these 
signals. 

These findings indicate that the 
gpl40/95 not only mediales cell-ECM 
and cell-cell adhesion but also delivers a 
signa) that augments T cell antigen 
responses and that triggers effector 
functions of pre-activated T cells in an 
antigen-independent manner . This 
implies an important role of T cell 
surface integrins in regulatin_g T cell 
responses. 
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REGUIATION OF Vl.A-4 ADHF,SIVE FlJNCTIONS 

Francisco Sánchcz-Madrid, Hospital de la Princesa, Madrid. Spain 

The human intcg.rin VLA (ve11· late activation antigcns)-4 (CD49d/CD29), thc 
lcukocyte receptor for both thc CS-1 region o! plasma fihronectin (Fn) and thc vascular ccll 
surface adhesion molecule-1 (VCAM-1) also mediates homotypic aggrcgation upon trlggcring 
with specific anti-VLA-4 monoclonal antibody (mAb) (1). Epitope mapping of this intcgrin 
on the human B-cell linc Ramos, performcd with a widc panel of antl-VLA-4 mAb by both 
cross-compctitive cell binding and proteasc sensitivity assays, revcalc<l thc existencc of thrcc 
topog.raphically distinct epitopes on the a4 chain, referred to as cpitopes A-C. Dy testing this 
panel of anti Vl.A-4 mAb for inhibition of cell binding to both a 38 kDa Fn fragmcnt 
containing CS-1 and lo VCAM-1, as well as for induction and inhibition of Yl.A-4 mcdiatcd 
homotypic cell adhcsion, we have found ovcrlapping bu! different functional propcrtics 
assocfated with each cpitopc. Anti-u4 mAb recognizing cpitope B inhihltcd cell attachmcnt 
to both Fn and VCAM-1, whcrcas mAb agalnst epitopc A did not block VCAM-1 binding 
and only partlally inhibited bimling to Fn. In contrast, mAb dircctcd to cpitopc C dld not 
affect cell adhcsion to c:ithc:r of thc two Vl.A-4 ligands. Ali mAb dircctcd to sitc A, as wcll 
as a subgroup of mAb rccognizing c:pitopc B (called 82), wcrc ahlc to induce ccll aggrcgation, 
but this cffect was not cxcrtcd by mAb spccific to site C and by a subgroup against epitopc 
B (called Bl ) . Morc:over, although anti-epitopc C and anti-cpitope Bl mAh <lid not triggcr 
aggregation, those mAb blockcd agg.regation lnduced by anti-epitupc A or B2 mAb. In 
addition, anti-epltopc A mAb blockcd 82-induccd aggrcgation, antl conversely, antl-cpitopc 
B2 mAb hlockcd A-induced agggrcgation. Furthcr evidence for multiple Vl.A-4 functions 
is that anti-Fn and anti-VCAM-1 antibodics inhlbited binding to l'n or VCAM-1, 
rcspcctlvely, but did not affcct VLA-4-mediated aggrcgation. In summary, we h11vc 
dcmonstrated that thcrc are at least thrcc different YlA-4-mcdiated adhcslon functions, wc 
havc defined three distinct VLA-4 epitopcs, and we havc corrclatcd thcsc (2). 

We havc found that the VLA protein fH subunit is also involved in thc imluction of 
homotypic ccll aggregation. Wc have ublaincd three novel anti-f\I mAb with thc ability to 
induce cell aggrcgation on diffcrcnt leukocyte ccll typcs. These mAh rccognizc an antlgcnic 
sitc on the common fH chain of VLA protcins which is cithcr !opographie<tli)' or functionally 
dlfferent from thosc dcfincd by pre\·iously describcd anti-fil mAb is epitopc spcclfic, isotype 
and Fe indcpcndcnt, and displays cell requiremcnts and kinetics similar to (14-mctliated 
aggregation. For Ramos cclls (whlch bear only the VLA u4fH hcterodimcr), ccll adhesion 
induced through the VlA-fH chain could be sclcctlvcly inhibitcd by othc:r anti-f\1 mAb or 
by anti-cx4 mAb. lntcrestingly, anti-~l mAb, which had minimal effect on thc n2- a4- a5' 
K-562 ccll line, induced strong aggregation of VLA-cx2 or VLA-a4 tr.1.nsfccted K-562 cclls . 
Furthennorc, the ~1-mediatcd induction of cell aggregation on a2-K..'562 and a4-K562 
transfectcd cells wa~ blocked by prcincubation wlth either antl-a2 or anti-n4 mAb, 
respcctively, as well as by other anti-f\I mAb. Togethcr thcse results provide strong evidcnce 
supporting the involvemcnt of either the a2/fH or a4/fH hctcrodimers in the lnduction of 
intercellular lnteractions and undc:rline thc pivota( role of thc common f\l chain uf VLA 
protcins In the integrin-mediatc:d induction of cell aggrcgation (3). 
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lhe functlonol activity of lntcgrins is regulatcd during ccllular HClivution. We 
investlgated the role of different cell activalion pathways in the regulation of T ccll binding 
to both VIA-4 ligands. Either activation of protein kinasc C (PKC) or increments in the iCa" 
lcvcls enhanced Yl.A-4-mcdlated blndlng to Fn and YCAM- J. lhe lncreased attachment 
to Fn and YCAM-1 upon cell activatlou was lndepcndcnt of both RNA and protcin synthcsls 
and dld not irnply any altcration in the phosphorylation and proteolysis pattcms of VlA-4. 
These data allogethcr indicate that Vl.A-4 undcrgocs a qualitatlvc change upon actlvation of 
PKC or risc of thc !Caº levels that lncrcascs adhcsion to both ligands (4). 

Wc havc also addressed the questlon whethcr a regulated expresslon and function of 
Vl.A-4 reccptors coulcJ exist in "in vivo" activated T cclls In a pathologlcal actlvatlon. 
Thcrcfore, we examlned thc exprcssion and functlon of VIA-4 flhronectin reccptors on T 

cclls locallzcd In the lnflammed synovium of patlcnts wlth rheumatoid arthritis (RA). A high 
proportion of T cclls In both synovial membranc (SM) and synovial fluid (SF) exprcsscd thc 
activotion antigens AIM (CD69) and gp95/BS (Ea2) as well as an lncrcascd numbcr of VlA-
4a and fH adhcsion molccules, as comparcd wlth pcripheral blood (PB) T cclls from thc same 
paticnts. Furthermore, thc majority of these activatcd SF and SM T cclls were ablc to adhcrc 
to both a 38 kD Fn protcolytic fragmcnt contalning the connecting segment-1 (CS-1) and to 
a recombinan! soluble form of thc cndothclial ccll ligand YCAM-1, specifically through 
Vl.A-4 reccptors, whcrcas a signlficantly lowcr proportion of PH T cells displayed thls 
capacity. Thcrefore, our rcsults show that activated T cclls sclcctivcly localize at sites of 
tlssuc lnjury in RA disease and providc cvldcnce for thc In vivo rcgulation of lhc cxprcssion 
and function of the VlA-4 intcgrin. This regulatory mcchanism may cnahlc T cclls cither to 
facllitatc migration or to persist al siles of lnflammatlon (5). 
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ADHESION MOLECULJ:S IN POST-THYMIC T CELL DIFFERENTIATION 
Yoshlya Tanakal, Steven H. ~lbelda2,~, Kevin J. Horqanl, Walter N~wman4, 
Gija A. van Sav"ntar1, Vojl Rhlmltu~, Clayton A. nuok3, Ateph•n Ahawl 

lNational Institutes of Health, Bethesda MD, USA, 2u . Penn and 3The Mistar 
Institute, Philadelphia PA,· USA, 4otsuka Ame rica Pharmaceutical, Inc., 
Rockville MD, USA, Su. Michigan'Medical School, Ann Arbor MI, USA 

We have been systematically exploring changes in expression/function of adheaion 
molecules with T cell differentiation. The resulta confirm and extend the 
concepts that adhesion molecules are regulated with differentiation and that 
adhesion molecules often mark T cell subsets. At least four molecular pathways 
mediate binding of normal human T cells to endothelial cells, when studied in the 
in vitro model system of CD4+ T cell adhesion to cytokine-stimulated cultured 
umbilical vein endothelial cells (HUVEC) : T cell LFA-1 binding to ICAM-1 and an 
alternative ligand (presumably ICAM-2), T cell VLA-4 binding to VCAM-1, and T 
cell binding to ELAM-1. Operationally we use CD45 isoform expression to 
distinguish two fundamentally different subsets of peripheral T cella: naive and 
memory. The receptors on T cella which mediate these adhesion pathways (and a 
number of others) are preferentially expressed on memory cells. All four of 
these pathways preferentially mediate binding of memory T cells. T cell binding 
to HUVEC is thought to model T cell interactions with flat endothelium in non­
lymphoid tissue and therefore these findings are consistent with the predominance 
of memory cells in non-lymphoid sites; in addition they help explain the 
preferential responsiveness of memory cells in many cellular interactions. We 
have now sought molecular mechanisms to account for preferential entry of naive 
cella into lymphoid tissue. LECAM-1 (LAM-1, Leu-8, MEL-14) is preferentially 
expressed on naive cells and certainly contributes to this entry. We ha ve 
explored two additional molecular mechanisms of preferential adhesion of naive T 
cella: CD31 and CD7. 

Our work indicates that CD31 is likely to be an important participant in a T 
cell adhesion cascade. CD31/PECAM-l/endoCAM has been inferred to mediate 
adhesion between leukocytes/platelets and endothelial cells and therefore 
potentially function in immunity, inflammation and wound healing. We report four 
novel features of CD31 on T lymphocytes: 1) Unique subsets of CD4+ and CDS+ T 
cells, including all CDS naive cells, express CD31; 2) Purified CD31 is 
suff icient to mediate T cell adhesion; 3) Engagement of CD31 powerfully induces 
the adhesive function of p1 and p2 integrins, particularly among naive T cells. 
4) CD31 preferentially induces binding to VCAM-1, fibronectin and laminin which 
are particularly important in T cell capture by endothelium and subsequent 
migration; in contrast, crosslinking of the CD3/T cell receptor preferentially 
induces binding to ICAM-1, which is of paramount importance in antigen-specific 
recognition. Thus, CD31 functions in an "adhesion cascade" by inducing integrin­
mediated adhesion of selected T cell subsets. CD31 may be particularly important 
in T cell interactions with endothelium, especially in high endothelial venules 
(HEV) of lymph nodes through which naive cells recirculate. 

CD7, one of the earliest T-cell specific differentiation markers, is also 
capable of inducing adhesion mediated by integrins on resting T cella. CD7 is 
preferentially expressed on naive cells, and induces better integrin-mediated 
adhesion of naive cells than memory cells. 

Thus, adhesion is regulated with differentiation in two distinct ways: change 
in level of expression of adhesion receptors (e.g. increased expression of 
adhesion receptors on memory cells); and change in expression/function of 
molecules which regula te adhesion (e .g. increased adhesion-induction by CD7 on 
naive cells) . 
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PRILIMINARY 8TUDil8 ON INTBGRIN OINB 8TRUCTURI AND RBGtJLATIOH OP 
IXPRBSS:tON 

AMOIL LUIS CORBI LOPIZ 
Unidad de Biologia Molecular, Hospital de la Princeaa, MADRID 

Unlike most of the membera of th• VLA flllllily, which are •idely 
expressed, the expression of the adheaion glycoproteina LPAl, Mac-1 and 
pl!0,95 is absolutely reatricted to leukocyt••: LPAl i• found on all 
leukocytes while Mao·l and pl50,9! are mainly expreesed by cell• of the 
myeloid lineage and their expression ia regulated during differentiation 
and activation. Por this reason, we decided to etudy the regulation of 
the expression of the alprn. eubunita of theee two integrine in order to 
Characterize the mechaniema involved in their constitutive and rei'Jlated 
expreamion. 

Initially we have used the 0937 pr<n0noc:ytio cell line, who•• 
treatment with phorbol aatera drivea th..., along the monocyt:e/maorophage 
differentiation pathway, and leade to their acquisition of funotional 
and phenotypic propertiea of maorophagae. '"'- induotion of the 
expreseion of pl50,95 and Hao-1 is one of the change• thllt take• place 
during such a procoeaa. U937 cella do not expreee rnRNA. for the alprn. 
subunita of Hac-1 and pl50,95, while LPAl and CD18 are conatitutively 
expre11ed . Alter PMA treacm.nt, mRNA for CDllb and CDllc ~ar• and 
reaches a maximum 48·72 houre later . The CDllc mRNA induction wae l!ound 
to be dependent on PKC activation, ainoe a PKC inhibitor (H7) ~letely 
aboliehed the induction of CDllo lllRNA. Moreover, addition of 
cycloheximide to U937 cella cauaed tbe appearance of CDllo mRRA, 
auggeeting that mRKA stability may be an iq>ertant factor c:ontrolling 
the induction of CDlle mRNA. Preliminary reaulta ueing cicloheximide 
and actinomicin D, and nuclear run-on experimente auggeat thllt the 
induotion of COllc MR.NA ia aleo controlled at the tranaeriptional level. 
"l'he half-life of the plS0,95 alpha eubunit tranecripte after induction 
appeara to be around 5-8 houra . 

An additional demonstration that the induction of the CDllo 
expreHion haa a physiological 11ignifio~c• has been obtained through 
the atudy of the pattern of leukocyte integrin expreeaion during 8 cell 
activation. Like 11937 cells, tonailar and peripheral blood 8 
l)'ll¡)hooytee conatitutively expreaa .LFAl, but not Mac-1 or p150,~5. 

Ac:tivation of 8 cella with a nwnber of agente like P!m, or anti·lgM or 
BAC plu• cytoltinea, induces a change in the pattern of expreeaion by 
cauaing the appearance of CDllo on the cell membrane . The induction of 
cell aurface expreeeion of co11c waa preceded by the appearance of CDllc 
mJUfA, as demonstrated by Rorthern blot . Tbe CDllc lllRNJ\ could be 
detectad aa early as 2• hours af ter induotion, and appeared to reached a 
maximwn alter 72 hours. Theae reaulte demonatrate that the induction of 
CDllo expreaaion is not reatricted to cella of the myeloid lineage, and 
that pl50,95 may play an i111>0rtbnt role in the adheaive propertia11 of 
both myeloid and activated e cella. 
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To analy:ae the molecular baeie for the constitutive and 
regulated expression of the leukocyte integrin piso, 95, we decided to 
identify the regulatory regions involved in these procceaaea, and 
located its promoter region. Primer extension analysis and nuclease Sl 
ass11ys allowed us to identU!y several ti·anscription initiation Bite• 
for CDllc mRNA, although Ol\e of them seems to be the predcrninant. 
sequence analyeia around thie major transcription initiation lite 
revealed the abaence of TATA box, consistent with the existence of 
several tranacription initiation sitee, the pre1ence of a sequence 
reeembling a CAAT box at around -48 bp., and the existence of a 
consen1us eite for binding of the ubiquitous Spl factor. Interestingly, 
the sequence in the major tranacription initiation aite is almost 
coincident with the INITIATOR sequence identified in the B-cell-specific 
gene coding for terminal deoxinucleotidil traneferase, and such a 
similarity has aleo been found in the case of the transcription 
initiation site of the integrin gpIIb . A number of potencially 
interesting aequencea have been 111•0 located within the COllc promoter . 
Piret, a perfect conaensu• APl aequence, which could explain the 
inducibility of the COllc gene 11fter PMA treatment in both myeloid and 8 
cells. The CDllc promoter aleo contains two aequencee matching the lL-6 
responsive element, and located 13 bp. away from each otber, as 
deacribed for aome IL6 inducible genes, like the alph&2-macroglobulin 
gene. In thie sense i t is interesting to note that CDllc hall been 
recently reported to be induced on IL-6 treated U937 cells, although to 
a lower extent than CDllb. Pinally, a consensus octamer sequence ie 
found at 170 bp 5' from the major initiation aite, and is followed by a 
aequence resembling the heptamer which is ueually located adjacent to 
the octamer, both of them known to contribute to the activity of the 
i11111unoglobulin heovy-chain promoters. Additional sequences reaembling 
the B3 motiff of the heavy 11nd light chain enhancers are aleo present 
within the promoter. Although the functional significance of theee 
sequences remaina to be demon•trated, it is teni>ting to apeculate about 
their role on the CDllc induction on activated B cella. 

To fully demonstrate the promoter activity of this region, we 
have performed CAT aaeaya with a region from -960 to +45 ligated to the 
CAT gene. Transfection of thia constnict into HeLa celle re'lflaled the 
promoter activity of this fragment, and strongly suggested t.hat the 
tissue-specificity of the COllc expreeaion is not contained within this 
region. ln any event, the promoter activity is week both in myeloid 
(U937) and non·myeloid cells. 

Since the patter-n of expreasion of Mac-1 is almoet coincident 
with th&t of pl50, 95, and together with LFJU they a1·e restricted to 
leukocytee, we are actually pursuing the iaolation of the regulatory 
regione lor the other two alpha aubunita of the leukocyte integrin•. 
Recently we have obtained the prornoter region• of both Mac-1 and LVA·l. 
In the case of the slpha subunit of LPAl, severel transcription 
initiation aitea have aleo been mapped by primer extension, all of them 
111cking consensus TATA or CAAT boxee. 
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In addition to LFJU, Mac-1 and pl!JO, ''· VLA' i• th• ot.h•r 
int99rin whoee expree•ion i• allllOat •b•olutely re•tricted to leukocyte• . 
Unlike the leukocyte integrina, whoae expreaaion ie induced during U9l7 
differentiation, tlow cytometry revealed that the elpha subunlt of VLA4 
almoat éornpletely disaapeara frOlll the cell membrane after th• PMA 
treatment. Northern blot analyaie confit111ed that th• deorea11e in the 
eell surface e~ression is cauaed by a decreaae in the lllRNA. staady atate 
level for VLA' alpha, which vae barely detectable 10 hour• after 
treatment. A similar phenomenon ha• aleo heen obse:rved after in vitro T 
call activation, and auggesta that dur:l.ng cell activatlon or 
differentiation, the expreaaion of leukocyte lntegrine i• dlfferent:l.ally 
regulated, providing a mechaniam for the aelective regulation of the 
interaction that occur at lnflannatory aitea . 

Apart from ita pattern of e.xpreasion, VlA' aleo differs from the 
other membera of the VLA subf11I11ily by the preaence of a totally unique 
proteolytic cleavage eite . l"or this reason, ve have been involved in 
the procc6s ot isolating genomic clonea tor the alpha 4 gene, to 
determine the aequencea controlling ita pattern of eJtpreeaion. So far, 
we have obtained a nwnber of clones whieh contain the region where the 
proteolyti:: cleavage of VLA' occurs . The avail&bility of auch clonea 
has allowed ul to analy:sed the genomlc structure of the vt.A.4 alpna 
aubunit around the proteolytic site. Rel!ltriction mapping and aequencing 
of one of theae clones haa shown that tbe proteolytlc cleavage dte, 
vhich has been determined by Mai:-tin Hemler •a g:i-oup, i& encoded in an 
exon whoae flanking sequencea are homologoua to correaponding exons trom 
the genes for CDllc and gpllb. Reverae PCR on cell linee with both 
forma of VLA4 indicatea that all ~ for VLA4 contain thl• exon, and 
therefore demonatrate that the diatlnct proteolytic forma of VI.A' ariae 
by postranscriptional modifications, either inside the cell or on the 
cell mambrane . 
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REGULATION OF LEUKOCYTE INTERACTIONS WIIH ENDOTHELIUM 
JllROUGH THE LEUKOCYIE ADHESION MOLECULE-1. LAM-1. 
Thomas F. Tedder, Olivier Spertini, Geoffrey S. Kansas, Francis W. 
Luscinskas, Michael A. Gimbrone, Jr. and J. Michael Munro. 
Dana-Farber Cancer Institute, Brigham and Women's Hospital, and 
Harvard Medica) School, Boston, MA. 

LAM-1 (TQl, Leu-8), is a member of the Selectin family of 
adhesion receptors that is expressed by most lymphocytes, NK cells, 
monocytes, neutrophils, thymocytes, and myeloid precursor cells. 
LAM-1, like its mouse homolog the MEL-14 antigen, mediates the 
adhesion of lymphocytes to specialized high endothelial venules 
(HEV) of peripheral lymph nades. LAM-1 contains an amino 
terminal lectin domain followed by an epidermal growth factor 
(EGF)-like domain and two short consensus repeat units which 
precede transmembrane and short cytoplasmic domains. Studies 
using recombinant chimeric selectins and monoclonal antibodies that 
block LAM-1 function have revealed that adhesion mediated by 
LAM-1 may involve cooperativity between functionally and spatially 
distinct sites within the the lectin and EGF-Iike domains. In addition 
to HEV binding, we have recently shown that LAM-1 mediates the 
initial attachment of lymphocytes and neutrophils to cultured human 
umbilical vein endothelial cells. LAM-1 binds through a sialated cell­
surface molecule that is expressed following stimulation of 
endothelium with inflammatory cytokines and LPS. Thus, LAM-1 
function is not only regulated by selective expression of the receptor 
by leukocyte subpopulations, but by the restricted expression of the 
ligand(s) at sites of inflammation and by HEV. Additionally, LAM-1 
function is influenced by a transient increase in receptor affinity for 
ligand immediately following leukocyte stimulation with lineage­
specific stimuli. This event precedes the shedding of LAM-1 from 
the cell surface that is induced by leukocyte activation. However, the 
precise role of LAM-1 shedding in leukocyte attachment to 
endothelium is uncertain as many lymphocytes, monocytes and 
neutrophils that have recently transmigrated venules in vivo retain 
LAM-1 expression. Consistent with this observation, anti-LAM-1 
monoclonal antibodies are able to significantly inhibit leukocyte 
transendothelial migration in an in vitro assay suggesting a role for 
LAM-1 beyond the initial attachment phase. Thus, LAM-1 and its 
inducible endothelial ligand constitute a new pair of adhesion 
molecules which regulate leukocyte/endothelial interactions at sites 
of inflammation. 
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FUNCTIONAL ASPECTS OF l.ECAM-1 

L. Lasky. Department of lrrirRunology. Genentech, lnc. 460 Polnt San 
Bruno Blvd. South San Francisco, CA. 94080 (USA) 

Recenlly, 1 new famlty ot cell adheaion moll1cutes hava be en dlsooverad that 

mediste white cell-endothellal adherance durlng the lnflammatory response. Thlt famlly 

has been dubbed the LEC-CAM or selectln ramlly, slnoe 11 appears thal they mediste cell 

adheslon through the offlcea ol protein-oarbohydrate lnteractlons. One such molecule, 

the homing receptor, Is found on ali leukocytic oells and appears to medlate adhealon of 

tymphocytes durlng normal tralflcklng to lymphold Hssue as well as neutrophlls durtng 

acule lnllammatory responses. Thle molecule contalna the requlslte three proteln 

domalns round In ali three members ot the LEC-CAM lamlly: an N·termlnal lectln 

domain lollowed by en epldermal growth lactor· llke domaln and two ooples of a domaln 

homologous to the short concensus repeats ol complement blnding protelns. We have 

recently found, uslng a recomblnant homlng receptor-lmmunoglobulln chlmara (HA· 

lgG) that tha llgand lor thls molecule la a -60,000 dalton glycoproteln that Is labeled by 

lnorganlc sulfate and whose expresslon is conllned to tha perlpheral lymph node 

endothellum. In addition, lhe blndlng of thls Ogand to HR-lgG Is oalclum dependan! and 

lnhlblled by the Mel 14 antlbody, euggestlng lhai lt blnde to the lectln domaln ol the 

homlng receptor. This notlon is further supported by the abllity to block thls lnteractlon 

wlth polysacharrldes as well 811 to lnhlbh blndlng by treatlng lhe ligand wlth 

neuraminadase. Thls latter result Is oonslstent wlth the possiblnty thal thls ngand· 

receptor interactlon Is dependant upon slallc acld, a carbohydrate. We have also found 

that the blndtng ol lhls llgand to the HR-lgG requlres the other domalns of the HR, mosl 

notably the oomplement blnding-llke motlfs. Thls latter resull auggests that the leotln 

domaln may requlre the complemenl bindlng doomalns for epproprlate functlon. Flnally, 

we have followed up on prevlous data demonstrellng lhat the HR-lgG effecllvely blod\S 

inflammalion of neU1rophils In vivo by examlnlng the eflect of thls molecule on 

neulrophll adheslon In vivo by lntrevltat mlcroscopy. These resulls have shown thet 

leukocyte rolling, a phenomenon first described over 1 oo years ego, eppears to be 

medlaled by the homing receptor. Thus, we have proposed a model whereby an activatlon 

event causes the neutrophll to roll along lhe endothellum by utllltlng the homlng 

receptor, alter whleh a separata event trlggers light adhesion and ulllmate 

extravasallon. Thesa results are consisten! with the possibillty lhat lnhlbltlng adheslon 

mediated by the homing receptor, perheps by uslng small carbohydrate-llke compounds, 

may orovide an ~ffectlve anti-lnllammstory drug. 
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ALFHAMANN 

ADHESION MOLECULES INVOLVED IN LYMPHOCYTE TRAFFIC 

The entry of lymphocytes into different tlssues is thought to be medlated by lnteractlon of 

endothellal llgands with Rhoming receptorsR or other adheslon molecules on lymphocytes. In 

contrast to naive lymphocytes whlch more or less randomly reclrculate through tymphoid 

tlssues, actlvated lymphocytes. memory cells or effector cells display dlstlnct patterns of 

traffic and an increased preference to home into non-lymphold tlssues. Malnly based on In 

vltro studles, a variety of tymphocyte motecules has been supposed to play a rote In reclrcu­

latlon and homing, namely selectins as the leucocyte-endothelial cell adheslon molecule 

LECAM- 1(MEL-14 antigen), integrins as LFA-1 and 81-integrlns and the C044 molecute. 

However, the roles of these molecules seem to be more complex than previously thought 

and extrapolations from in vitro studies not always proove to be appropriate. Our in vivo· 

studles have shown that: -the selectln LECAM-1 has a key role as homlng receptor for entry 

into lymph nodes. but is also involved in entry lnto mucosal lymphoid tissue. In contrast to 

earlier reports. lt plays no significant rote in entry into (normal) non-lymphold tissues. 

However, studles with activated lymphocytes show that expresslon of functlonal LECAM-1 

(and LFA-1) is not sufficient for entry into lymph nodes. The mechanisms regulatlng the 

traffic of such activated cells are still unknown. 

A member of the integrin family, the murine a4t81and 8rintegrin callad LPAM 1/2 has been 

proposed to play a role as homing receptor for mucosal tymphoid tlssue. We could not 

confirm this proposal by in vivo experiments; functionally active concentrations of anti LPAM 

Fab failed to affect homing of normal lymphocytes into Peyer's patches. 

No role for lymphocyte recirculation through lymphoid tissues coukJ likewise be detectad for 

one endotheliat ligand for LFA-1, the murine ICAM-1, indicating that the establishad function 

of LFA-1 In lymphocyte recirculation relies on a different llgand. 

In vitro experiments are useful to identify mechanisms which .m..ax be involved in the one or 

other way in lymphocyte-endotheliat interactions. Thus, studies on the molecules contri­

buting to lymphocyte adhesion to endothelium in synovlal tissue from rheumatoid arthritls 

patients has provided evidence for complex interplay of several adhesion molecules: CD44, 

LFA-1, LECAM-1, VLA-4 or other 81-lntegrins were found to contribute to bindlng. In case 

of VLA-4 inhibitory as well as stimulating effects of antibodies were observad. 

Signalling and regulation of interaction mechanisms by adhesion molecules is also indicatad 

by studies on the CD44 molecule In the mouse, which providad evidence that this molecule 

not only serves as a receptor for endothelial hyaluronldate, but also regulates adheslon 

mechanisms distinct from this functlon. 

In concluslon, these data lndicate that tissue lmmlgratlon Is governed rather by sets of 

adhesion molecules than by single homing receptors and that signalling through surface 

receptors may regulate binding and migration events in addition to the mere contribution to 

adhesion. 
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PADGEM: A LEUKOCYTE RECEPTOR ON PLATELETS AND ENDOTHELIAL CELLS-ROLE 
IN INFLAMMATION AND THROMBOSIS 

PADGEM, recently designated CD62 , is an adhesion molecule that is located on the surface of platelets 
and endothelial cells. This protein is stored in storage granules within unstimulated cells, and is 
translocated to the surface during cell activation. The protein, with a molecular weight of 140,000, is 
a member of the selectin family of adhesion molecules, and is characterized by a domain structure of 
lectin-EGF-consensus repeats-transmembrane-cytoplasmic domains. 

PADGEM binds specifically to monocytes and neutrophils, and mediates cell-cell interaction between 
activated platelets and leukocytes, and stimulated endothelial cells and leukocytes. PADGEM Is a lectin 
that recognizes specific lineage-specific carbohydrates on the leukocyte surfaces; components of the 
PADGEM ligand include Lex, sialic acid, and possibly sialic acid linked 2,6 to galactose. The PADGEM 
ligand is similar but distinct from the ELAM-1 ligand . 

PADGEM plays a role in inflammation and thrombosis, and may also play a role in metastasls . During 
thrombosis, platelets become part of the growing thrombus and express PADGEM. Antibodies specific 
for PADGEM have been used for in vivo diagnosis and localization of thrombi by nuclear imaging 
techniques . Leukocytes accumulate within the growing thrombus. Antibodies to PADGEM that block 
the interaction of PADGEM with leukocytes preven! the accumulation ofleukocytes within the thrombus . 
Furthermore, PADGEM-mediated binding of monocytes to platelets enhances the expression of tissue 
factor activity. Monocytes may be the source of intravascular tissue factor for the activation of blood 
coagulation . 
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THB SUGAR COA TING AND LBUKOCYTF. TRAFFICKING 

James C. Paulson. Ph.D., Cytel Corporation and 

Depts. of Chemistry and Molecular BioJogy, Scripps Research Instittlte 

3525 John Hopkins Court, San Diego, California 

Recruitrnent of leukocytes to sites of inflammation and tissue injury can be 

viewed as occurring in three identifiable steps. They include the rolling of the 

cells on the activated endothelium, finn adhesion and flattening. and f'mally. 

extravasation between endothelial cells into the surrounding tissue. Evidence 

accumulahng trom a number of iaboratories suggest that the imtial adheston or 

"rolling" event is mediated by mernbers of the newly described LEC-CAM family 

including Mel-14/LAM-1 (LEC-CAM-1, homing receptor) expressed on 

leukocytes, and ELAM-1 and CD-62 (GMP-140/PADGEM) expressed on 

endothelial cells and on endothelial cells and platelets, respectively. All three 

members of this receptor family contain a consensus lectin or carbohydrate 

binding domain at the distal tip of the protein. The carbohydrate ligand for 

ELAM·l on lcukocytc3 hn3 bccn idcntificd a3 sialyl·w (NcuAca2,30alJH.4 

[Fuca.1,3]01cNac-) which is known to tenninate carbohydrate groups of 

glycoproteins and glycolipids of neutrophils and other myeloid cells (1 ,2). The 

ligand for CD-62 was proposed by Larsen, et al. to be the related carbohydrate 

structure Lex (3). However, results from severa! laboratories have suggested that 

11lalh; achJ Js au lult!gutl pan uf lhe carbully<lr.u.e Ug'd.ml ror CD~2 stnce stalldase 
treatment of neutrophils prevents their. adhesion to CD-62 (1,2). We have 

obtained evidence that CD-62 also recognizcs sialyl-Lex as a high affinity ligand: 

1) Soluble sugars with tenninal sialyl-Lell are 30-fold more potent inhibitors of 

CD-62 mediated adhesion than soluble sugars terminated with Lex. 2) Olycolipid 

liposomes containing carbohydrate structures with sialyl-Lex are pot.ent inhibjtors 

of CD-62 mediated adhesion while liposomes with related glycolipid structures 
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are not. 3) CHO glycosylation mutants that contain sialyl-Lex (LEC-11) are 

bound by CD-62 while those with Lex (LEC-12) are not. Thus, it appears that the 

carbohydrate specificities of ELAM-1 and CD-62 are overlapping, and that sialyl­

Lex on cell surface carbohydrate groups can mediate cell adhesion by both ELAM-

1 and CD-62. Further investigation of the fine specifidty of these LEC-CAMs 

for their carbohydrate Jigands will be required to evaluate the potential for 

differenoes that may bt relevant to differential ret'ognitiim r,if v:1riom1 my~lnM 

and lymphoid cell types. lt will also be important to establish the degree to which 

presentation of carbohydrate ligands by specific glycoproteins or glycolipids 

allow for differential recognition of cell surface glycoconjugates by the two 

selectins. References: 1) T. Springer, et al. (1991) Nature 349, 196-197; 2) T. 

Feizi (1991) TIBS 16, 84~86; 3) Larsen, et al. (1990) Cell 63, 467-474; 4) 

Phillips. et al. (1990) Science 250, 1130-1132; 5) Polley, et al. (1991) PNAS, In 

Press. 
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INTERACTIONS BETWEEN l YlfPHOCYTES AND HIGH ENDOTHELIUH IN VITRO: KINETICS OF 
l YlfPHOCYTE BINDING AND TRANSHIGRATION 
Helen Hourihan & Ann Ager, lmmunology Group, Department of Cell & Structural 
Biology, University of Manchester, Manchester Ml3 9PT 

Previous studies have shown that cultured high endothelial cells (HEC) support 
high levels of lymphocyte adhesion. Light microscope analysis of HEC-adherent 
lymphocytes has identified two lymphocyte populations: type 1 cells which are 
bound to the upper HEC surface and type 11 cells which are underneath the HEC 
layer. Analysis of HEC-adherent lymphocytes followfng a 20 min pulse with PVG­
RT71 lymphocytes and a 40 min chase with lymphocytes from the congenie rat 
strain PVG-RT7b showed that there was a time-dependent decrease in RT71 cells 
in the type 11 fraction. Over this time period the transfer of RT7ª cells 
between type 1 and type 11 fractions was 80-90%. Type 1 cells selectively 
detached from HEC layers following 60 min incubation in lymphocyte-free medium 
and were co 11 ected in i sol at ion from type 11 ce 11 s. Transfer of type 1 
lymphocytes to a second HEC layer showed similar levels of binding and 
transmigration as control cells. These results indicate that type 1 and type 
11 cells rerresent. the same lymphocyte population at different stages of 
interaction with the HEC layer. In addition the number of adherent lymphocytes 
is controlled by the HEC layer rather than representing a subpopulation of 
highly adhesive lymphocyte. However transmigration of lymphocytes was not an 
inevitable consequence of binding to the upper surfaces of HEC in this model. 
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DIRECT CELL CONTACT IN COGNATE ANO NOT COGNATE INTERACTIONS 
BETWEEN T CELLS AND B CELLS 

G. Rubio, J. Ontañón, R. Alvarez, C. Martinez-A and 
P. Aparicio. Universidad de Murcia. 

Cognate interactions between T and B cells is often vewed as an 
example of the specificity of the immune system. B lymphocytes 
process the antigen that have interacted with their specific 
receptor and present peptides in their own class II MHC antigens. 
Then, only T cells that recognize this new complex are activated 
and provide helper signals to the antigen presenting B cells. 

We have developed a system where human splenic B cells are 
activated by T cells clones with no aparent MHC restriction. 
Briefly, severa! T cell clones, differing on origen and phe­
notype, are added to resting B cells in the presence of IL2, but 
in the absence of any other B or T cell activators, B cells not 
only are induced to upregulate CD23 antigen, but also to 
differenciate into IgG and IgM secreting cells. 

This T-B cooperation requires cell to cel 1 contact, as is 
inhibited when the physical interaction between both subsets is 
avoided by a permeable membrane. More important, not only CD4 
alfa.beta T cells behave as helper cells, but also CD8 alfa.beta 
T cells, gamma,delta T lyrnphocytes and even sorne NK clones have 
this capability. 

These data support that once a T lymphocyte is activated, there 
is an upregulation or modif ication of sorne adhesion molecules 
facilitating the interaction with any B cell close enough, and 
resulting in B lymphocyte activation. As T cell receptor does 
not play a direct role in this T~B cell interaction, conventional 
cytotoxic CD8 positive T cells may behave as helper T lymphocy­
tes. 

This model of T-B interaction explains the T c ell dependant 
antibody response to membrane antigens, for example tumoral 
antigens, that can not be processed by B cells nor presented in 
class II antigens. 
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REOULATED EXPRESSION ON HUMAN MACROPRAOES OF BRDOGLIB, U ROD 

CONTAININO SURFACE ANTIGEN. 

Pedro Lastres*, Teresa Bellon*, Carlos 
sanchez-Madrid**, Agustin Acevedo**, Anne 
Letarte*** and Carmelo Bernabeu 

cabañas*, 
Gougos***, 

Francisco 
Michelle 

**centro de Investigaciones Biológicas, CSIC, Madria, Spain 
**Hospital de La Princesa, UAM, Madrid, Spain ***Hospital for Sick 
Children, Toronto, Canada 

Endoglin is an endothelial homodimeric membrana antigen 

containing the tripeptide arginine-glycine-aspartic acid (RGD) , 

which is a recognition motif for adhesion receptora of the 

integrin family. We have investigated the expression of endoglin 

by monocyte/macrophage cells from different tissue co:m.partments 

and at different stages of cell differentiation. Although endoglin 

is absent from peripheral blood monocytes, it is expressed by in 

Y.it1;:Q differentiated monocytes as determined by flow cytometry 

using the endoglin specific mAb 44G4 and 8Ell. Furthermore, 

Northern blot analyses revealed a correlation between the presence 

of endoglin mRNA and the surface expression of the antigen by in 

vitro differentiated monocytes. Immunostaining of frozen tissue 

sections with the 8Ell mAb demonstrated the presence of endoglin 

not only in the endothelium of ~11 the tissues studied, but also 

on the intersti ti al macrophages present in the red pulp of the 

spleen. Using as a model of macrophage differentiation monocytic 

cell lines treated with phorbol esters, we found that the 

reactivity of the 8Ell mAb is greatly increased on U-937 and HL-60 

cells during their PMA-induced differentiation. These findings 

clearly demonstrate for the first time the regulated expression of 

the putative adhesion molecule endoglin by macrophages. 
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FINAL MATURATION OF HUMAN BONE MARROW CELLS CAPABLE OF 
SPONTANEOUS Ig-SECRETION: EVIDENCE FOR THE REQUIREMENT OF 
FIBRONECTIN-VLA-4 RECOGNITION. 

E. Roldán and José A. Brieva.* 

The human bone rnarrow (BM) cella capable of spontaneous 
and high-rate Ig-secretion in vitro consist of in vivo­
induced and rnature B lymphocytes. This cell subset has been 
involved in the serurn Ig and antibody formation. We have 
recently shown that the final rnaturation of these cells is 
induced by IL-6 secreted by adherent BM stromal cells. This 
IL-6 signal is necessary but not sufficient, since, in 
cultures devoid of adherent BM cells, IL-6 could not induce 
any Ig-secretion. The inter-cellular contact between stromal 
cella and Ig-secreting cella was not needed since the Ig­
secretion occurred in a culture where the two populations 
rernained separated by a nucleopore membrane. In addition, 
the supernatant of stromal cell cultures induced Ig­
secretion on BM cell cultures depleted of stromal cells, . 
thus suggesting that an additional soluble factor secretad 
by the strornal cella was required. Interestingly, BM cella 
Ig-secretion was blocked by rnAb to VLA-4 antigens, but not 
by rnAb to LFAl, ICAMl, CD44 or VLA-1. It is well known that 
BM stromal cella produced large quantities of fibronectin 
(FN) and that VLA-4 can act as a FN-receptor. In accordance, 
the role of FN on the present system was in~estigated. 
Stromal cell-depleted BM preparations did not secrete Ig in 
the presence of FN or IL-6 alone. However, the addition of 
FN plus IL-6 to such cultures induced as rnuch Ig-secretion 
as the ce-culture with BM stromal cells. FN was more active 
when presented to the BM cella in a fixed form by pre­
coating the culture-wells with the protein. The FN-inductive 
effect could be reversed by the inclusion of rnAb to VLA-4. 
Additionally, rnAb to FN inhibited the Ig-secretion of 
unfractionated BM cell cultures. These resulte strongly 
suggest that, in addition to IL-6, the secretion of FN by BM 
stromal cells is essential for the Ig-secretors to reach the 
high-rate Ig-producing stage characteristic of these cells, 
and that the FN-mediated signa! appears to be driven through 
VLA-4 molecules. 

* Servicio de Inmunología. Hospital Ramón y Caja!. Madrid 
(Spain). 
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DIVALENT CATION REGULATION OF THE FUNCTJON OF LEUCOCYTE 
INTEGRINS 

Carlos Cabañas, Ian Dransfield and Nancy Hogg 

Macrophage Laboratory, Imperial Cancer research Fund, Lincoln's lnn Fields, 
London WC2 3PX, UK 

The leucocyte integrins LFA-1 (CD11a/CD18), CR3/Mac-1 (CD11b/CD18) and 

plS0-95 (CD11c/CD18) are heterodimeric adhesion receptors that regulate many 

dynamic adhesion processes of leucocytes through their binding to specific ligand 

molecules. The inter<lction between LFA-1 expressed on T cells and its ligand 

molecule ICAM-1 is one of the best defined models for analysis of leucocyte 

integrin functional activity. This interaction shows a temperature dependence and 

is also known to require the presence of millimolar concentrations of the divalent 

cation Mg2+. We have recently described a monoclonal antibody named 24 that 

recognizes an epitope on the three a subunits of leucocyte integrins. Expression of 

the 24 epitope is also temperature and Mg2+ dependent. 

We have further assessed the role of divalent cations Mg2+, Ca2+ and 

Mn2+ in the activation of LFA-1 on T cells which results in ligand binding and in 

the expression of the 24 epitope. Manganese strongly promoted both expression of 

the 24 epitope and T cell binding to ICAM-1 vía LFA-1, suggesting that Mn2+ is 

able to directly alter the conformation of LFA-1 in a manner that favours ligand 

binding. Since Mn2+ also promotes functional activity of other integrins, parallels 

in mechanism of ligand binding may span the integrin family . In contrast, 

induction of 24 epitope expression by Mg2+ required removal of ca2+ from T cell 

LFA-1 with EGTA. Furthermore, binding of mAb 24 to T cell LFA-1 in the presence 

of Mg2+ or Mn2+, was found to be specifically inhibited by Ca2+, suggestive of a 

negative regulatory role for Ca2+ in the control of Jeucocyte integrin function. 

Analysis of T cell binding to ICAM-1 vía LFA-1 in the presence of Mg2+ or Mn2+, 

confirmed that Ca2+ exerted inhibitory effects upon LFA-1 function. One 

implication of our findings is that Ca2+ bound with relatively high affinity to 

LFA-1 may serve to maintain an inactive state. Induction of function and 24 

expression by Mn2+ or physiological activators may therefore occur as a result of 

displacement of ca2+ from leucocyte integrins. 
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Expression and organization of integrins in mouse skin 
carcinogenesis. 

Manuel Gómez, Miguel Quintanilla and Amparo Cano. Instituto de 

Investigaciones Biomédicas . CSIC. Deptartment of Biochemistry. UAM. 

Arturo Duperier, 4. 28029 Madrid. Spain . 

We have analysed the expression and organization of various 

members of the integrin p 1 subfamily and the a.6P4 member in severa! 

mouse epidermal keratinocytes cell lines representative of different 

stages of mouse epidermal carcinogenesis . 

Ali the cell lines which exhibit an epithelioid phenotype express 

variable. levels of a3p1 integrin, localizad mainly at the regions of cell­

cell contact, with independence of their tumórigenic capacity. High 

levels of the fibronectin receptor aSP 1 have only been detected in two 

highly tumorigenic cell lines which exhibit a fibroblastoid phenotype 

and being localizad at the focal contacts. The adhesion properties of 

the different cell lines to various extracellular matrix components are 

presently being investigated . 

Expression of a6 p4 integrin is restricted to the cell lines with 

epithelioid phenotype. The levels of this integrin appear to be directly 

related to the tumorigenicity of the various cell lines. We have also 

observed that a6P4 is localized at the cell to substratum contact areas 

in large adhesion structures apparently similar to the "stable anchoring 

contacts" (SAC), recently described by Carter et al. (J.Cell Biol., 

111 :3141, 1990) . In the highly tumorigenic HaCa4 cell line, a 

considerable amount of those adhesion structures remain associated to 

the cell surface after treatment of the cells with high salt buffer 

where the cytokeratin component remain insoluble . These preliminary 

results suggest an association of a6P4 integrin to the cytoskeleton 

trough interaction, direct or indirectely, with the cytokeratin 

intermediate filaments. 

With the help of the DGICYT (PM88-0004) . M.G. is a predoctoral fellow 

of the Comunidad Autónoma de Madrid. 
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TITLE: Restricted divenity of the -i& TCR in a subset of auto~ T cdls u.ring du! flNR 
as an accessory molecu/e. 

AUTHORS: Angel Ezquerra, David Wilde, Knut Sturmhofel, Tom McConnell, Robert Valas, 
Ethan Shevach and John Coligan. 
BRB and LI, NWD, NIH. Bethesda, MD USA., 

ADDRESS: Angel Ezquerra. Depto. de Inmunología. Fundación Jiménez Dfaz. Avda. Reyes 
Católicos, 2. 28040 Madrid. España. 

lt has been shown that the Vitronectin receptor (VNR) acts as an accessory molecule 

for the autorreactivity of a series of ..,4• skin intraepithelial lymphocytes (sIEL) cell lines 

(Roberts, K., et al. 1991. J. Exp. Med. 173:231.). In this work we present the molecular analysis 

of the TCR expressed by those sIEL cell lines and by a series of newborn thymus 16 T cell 

hybridomas displaying the same type of autoreactivity. 

Every autoreactive cell line or hybridoma expresses a C14 • -y-chain with very restricted 

junctional diversity. Ali but one also express a V&6 &-chain. The diversity of the &-chains, 

although more extensive than that of the -y-chains, shows also restricted patterns of variability. 

In addition 2 of the 3 sIEL cell Iines and 3 of the 6 hybridomas express a second 1-chain. 

In conclusion: 1) the restricted diversity of the -y& TCR in these cells is compatible with 

recognition of a unique or very restricted set of self molecules. 2) The similarity of TCR 

expressed in the thymic hybridomas and sIEL cell Iines suggests a thymic origin for the 

autorreactive sIEL. 

The possible role of the VNR in the scape of the sIEL precursors from thymic deletion 

and the acquisition of the autoreactivity will be discussed. 
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IDENTIFICATION AND CHARACTERIZATION OF ICAM-2 AND ICAM-3 

Antonio de Fougerolles and Timothy A. Springer 

The leukocyte adhesion molecule LFA-1 mediates a wide range oflymphocyte, monocyte, 
natural killer cell, and granulocyte interactions with other cells that are critica! in both the 
immune and inflammatory responses. Two counter-receptors for LFA-1 have previously 
been discovered; ICAM-1, a highly inducible 5 Ig domain molecule, anda constitutively 
expressed 2 Ig domain structure, ICAM-2, which is 35% homologous to ICAM-1. 

In an endeavor to further characterize human ICAM-2, two murine mAb were generated to 
ICAM-2 transfected COS cells, and designated CBR-IC2/l and CBR-IC2/2. 
Immunoprecipitated, reduced ICAM-2 migrated as a broad band of Mr (i(),000 in SDS­
PAGE. Treatment with N-glycanase revealed a peptide backbone of Mr 31,000, consistent 
with the size predicted from the cDNA. ICAM-2 hada broad distribution on hematopoietic 
cell lines and little expression on other cell lines, the sole exception being cultured 
endothelial cells which possess high levels ofICAM-2. Resting lymphocytes and 
monocytes expressed ICAM-2, while neutrophils did not. Staining of tissue sections with 
anti-ICAM-2 mAb confirmed their stróng reactivity to vascular endothelium, but 
demonstrated a Iack of expression on other tissues. Small clusters of ICAM-2 positive 
cells were, however, seen in germinal centers. In constrast to ICAM-1, there was little or 
no induction of ICAM-2 expression on lymphocytes or cultured endothelium upon 
stimulation with inflammatory mediators. 

One ofthe two mAb, CBR-IC2/2, was found to totally inhibit ICAM-2:LFA-l interactions. 
Using this mAb, severa! LFA-1-dependent, ICAM-1-independent phenomenon were 
investigated. LFA-1-dependent binding to both stimulated and unstimulated endothelium 
was found to be totally accounted for by ICAM-1 and ICAM-2. Using a cell binding assay 
to purified LFA-1, in conjunction with anti-ICAM-1 and anti-ICAM-2 mAb, we 
demonstrated that an LFA-1-dependent, ICAM-1-, ICAM-2-independent pathway of 
adhesion existed on many lymphoid cell lines, including the T cell lymphoma cell line, 
SKW3. 

To further characterize this pathway of adhesion, mAb were raised to SKW3 and screened 
to inhibit binding of this cell line to purified LFA-1. One mAb, CBR-IC3/l, was selected 
which completely inhibited this novel pathway of adhesion. lmmunoprecipitate8 revea.:cd 
this third ligand to run similarly under reduced and nonreduced conditions atan Mr of 
120,000 by SDS-PAGE. Treatment with N-glycanase resulted in a reduced Mr of 75,000, 
indicating that, like ICAM-1 and ICAM-2, this is a highly glycosylated protein. This 
ligand, putatively called ICAM-3, dueto its functional relationship with ICAM-1 and 
ICAM-2, is restricted to the hematopoietic lineage, being highly expressed on lymphocytes, 
neutrophils, and monocytes. Expression of ICAM-3 on resting T cells was found to . 
increase upon activation with PHA. Consistent with its functional characterization, ICAM-
3 was not expressed on either resting or stimulated endothelium. 

The function of ICAM-1 in inflammation and immune responses has been well 
documented. What roles ICAM-2 and ICAM-3 play in these phenomena are not yet 
known. Since ICAM-2 is the predominant LFA-1 ligand on resting endothelium, this 
pathway of adhesion between lymphocytes and resting endothelium may have important 
consequences for normal recirculation of lymphocytes through tissue endothelium. The 
fact that ICAM-3 is the only LFA-1 ligand that is expressed at considerable levels on 
resting 1 ymphocytes and neutrophils implies an important role in the generation of immune 
responses. 
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PMA lNOUCEO OIFFERENTIATION OF U937 CELLS ENHANCES 
ADHESION TO FIBRONECTIN ANO INVERSELY REGULATES THE 

""\5j31 ANO ""<.4{Jl FIBRONECTIN RECEP'l'ORS 

O.C. Ferreira and A. García Pardo. Centro de Investi­
gaciones Biológicas. Velázquez, 144. 28006 Madrid 
( Spain). 

The interaction of monocytes with the extracellular 
matrix component fibronectin (Fn), involves specific cell 
surface receptora and resulta in cell attachment -and­
differentiation. We are studying the regulation of these 
receptora during cell differentiation using the pro­
monocytic cell line U937 and the inducing agent PMA. We 
previously reported that U937- cells interact with two sitas 
in Fn, RGD and CS-1, via two independent receptora, the a5/H 
and a4Pl integrins respectively (O. c. Ferreira, A. Garcia­
Pardo and c. Bianco, J. Bxp. Med. 171, 351, 1990). In tbis 
study we have determined the effects of PMA on the _ 
interaction of U937 cella with both aites in Fn. PMA treated 
U937 celia show an enhanced adheaion to Fn and to an 80 kDa 
Fn fragment that containa the RGD sequence. This enhancement 
parallels a 2-3 fold increase in the surface expreasion of 
the RGD-dependent receptor a5pl. An anti-aSpl mAb completely 
inhibits cell adhesion to Fn and to the 80 kDa fragment. 
a5pl receptora from untreated and PMA treated cells were 
isolated by affinity chromatography on 80 kDa-Sepharose 
matrices and shown to contain a similar complex of 152/125 
kDa, although proteins from PMA treated cella had slightly 
faster mobility on SDS-gels. In contrast, the total number 
of cella adhering to a 38 kDa Fn fragment (containing the 
CS-1 site), is lower for PMA treated U937 cella than for 
undifferentiated cells. This decrease is accompanied by a 
50t losa of cell surface a4pl, the specific receptor for CS-
1. Furthermore1 PMA differentiated cella specifically adhere 
to another Fn fragment of 58 kDa, which does not contain cs-
1 but contains the Hep II domain of Fn, while untreated U937 
cella do not attach to the 58 kDa fragment. OUr resulta 
indicate that differentiation of U937 cella enhances 
adhesion to Fn primarily bu up-regulating the a5pl integrin. 
PMA aleo induces a down regulation of a4pl, and possibly 
affects the ligand specificity of this integrin. We 
postulate that these two integrins may play dif ferent roles 
during monocyte differentiation. 

Fundación Juan March (Madrid)



54 

Sulfated glycans blnd dlrectly to Thy-1 and block the 

Thy-1-mediated thymlc lympho-eplthelial cell-adheslon. 

Hai-Tao He, Anne-Odile Hueber, and Michel Picrres 

Centre D'lmmunologie INSERM-CNRS de Marseille Luminy, Case 906, 

13288 Marsei//e Cedex 9, France 

Thy-1 is a cell-surface molecule distrlbuted in a varlety of tissues, lncludlng 
mammallan braln and rodent thymus on whlch lt represents a major membrana glycoproteln. 
The Thy-1 gene has been well conservad during the evolution; it codes for a polypeptide of 
about 11 o aa which is similar to the variable (V) domain of immunoglobulin. Although 
prevlous studies have detailed the protein structure and gene organizatlon of Thy-1, the 
functional role of this molecule remains ill defined. Recently, we have shown that Thy-1 can 
play a role as a cell adhesion molecule mediating the binding of mouse thymocytes to thymic 

epithelial cells (1 ). This Thy-1-dependent adhesion, which is heterophillc and ca2 + 
independent, seems to be responsible in part for the lnitlal cell-contact durlng lympho­
epithelial thymic interactions. 

In the present study, we have investigated the interaction between Thy-1 and sulfated 
glycans which are known to interact with proteins (1ncluding adhesion molecules such as 
laminin, collagen, fibronectn, NCAM etc.) and to regulate a number of blologlcal processes. 
These interactions play an importan! role in cell-substrat and cell-cell adheslon. 11 Is known 
that the binding of heparin to collagen and fibronectin lnhiblts cell adheslon to these 
proteins. Heparin also modulates the self-assembly of lamlnin. Lymphocyte adheslon 
receptors as MEL14, GMP140, CD2 and CD4 are known to bound to sulfated glycans. For the 
two LEC-CAMs, exogenously added sulfatad glycans inhibit their bindlng to the cognate 
receptors. Parish et col!. (2) have recently reportad the likely interaction between Thy-1 
and sulfated glycans. Now we confirm thls study showing Thy-1 blnds directely to sulfatad 
glycans, and further indicating that sulfate glycans can completely block the Thy-1 depentent 
thymic lympho-epithelial cell adhesion. 

Purified Thy-1 from mouse thymocytes was used to demonstrate this molecule binds 
directly to sulfatad glycans under physiological conditions. We have set up an lodlnatlon 
protocol, in order to protecte Thy-1 against the loss of sulfatad glycan binding actlvity 
during the radiolabling. A panel of sulfatad glycans has been tested for thelr ability to blnd to 

1251-Thy-1 molecules. They could be grouped into 3 classes with strong (A), weak (8) and 
non (C) interactions, respectively. These results revea! that although the negatlvely charged 
sulfate groups of sulfatad glycans are critical for this interactlon, their carbohydrate 
moieties also play an importan! role. In an effort to evaluate the role of sulfated glycans on 
Thy-1-dependent lympho-epithelial thymic interaction, we developed a Thy-1-mediated 
cell adhesion system, using the T-lymphomas AKR1 and its Thy-1-negative mutan! AKR1 

(Thy-1· d). We were able to show that the presence of sulfated glycans from the A class (at 
50 ug/ml) completely abolished the Thy-1.-mediated adhesion. This inhibition is likely to 
result from the direct interaction between sulfatad glycans and Thy-1 because 1) only 
preincubation of the T-lymphoma cells, but not the epithelial cells, with sulfatad glycans 
showed inhibitory effect; ii) the ability of sulfatad glycans to lnhibit adheslon correlated 
with their "overall" affinities to !he purified Thy-1 molecule. Currently, the mechanim by 
which sulfatad glycans exert this inhibitory effect is under lnvestigation. 

l. He et al. 1991 l . E:x.p. Med. 173:515. 
2. Parish et al. 1988 lmmunol. Cell Biol. 66:221. 
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THE ROLE OF ICAM-1 IN CLASS ll·RESTRICTED ANTIGEN 
RECOGNITION BY T CELL:' CLONES 

D. Jaraquemada*, M. Martí*, R. Martínº and S. Rosen-Bronsonl\. 

• Unitat d'lmmunologia, Hospital Germans Trias í Pujo!, UAB, 08916 Badalona, Spain 
0 Neuroimmunology Branch, NINDS, NIH, Bethesda, MD 20892, USA 

l\ Dept. of Pediatrics, Georgetown Univ. Med. School, Washington, DC 20007, USA 

The recognltion of antlgen by class 11-restricted T cells ínvolves speclfic lntemctlons 
between antlgenic peptldes, MHC molecules and T cell receptora as well as 
independent lnteractlons between adhesíon molecules and thelr ligands. We have 
analizad the lnfluence of one ot these adhesion molecules. ICAM-1, in the 
interactlons of allospeclfic and antlgen-specific T cells with thelr target cells at the 
cionai level. 

We have usad as antigen presentlng ceils, (i) DR1. or DR2 positiva B cell 
lines; (ii) murine L cells tranfected with DR1, DR2a or DR2b and (111) the same L cells 
overtransfected with ICAM-1. The transfections were carried out by calcium 
phosphate precipitation of the ICAM-1 cDNA .insertad in the CDM8 vector (donated 
by B. Seed). Transfected cells were clonad by limiting dllution in selection medium. 
ICAM-1 expression was determinad by lndirect lmmunofluorescence using the RR1/1 
mAb (a gift from T. A. Springer). As effector cells we used HLA-DR1 or DR2-restrlcted 
allospeclflc and antlgen-specific (influenza or MBP) T cell clones. 

Our resuits show: 
1) ICAM-1 expression on the APC enhanced recognition of specific peptldes 

by DR1-restricted influenza-speciflc T cell clones by a 20-30%; 
2) the effect of ICAM-1 expresslon in the presenting cells was variable for 

MBP-specific DR2-restricted T cell clones: sorne clones unable to recognlze MBP 
presentad by L celis lysed MBP-pulsed L cells if they expressed ICAM-1; some other 
clones showed a 90-100% enhancement of the cytotoxic response and In a third 
group there was a 20-30% increase of the cytotoxicity of MBP-pulsed ICAM-1 positiva 
L cells; 

3) the presence of ICAM1 did not slgniflcantly modify the prollferatlve 
response of DR1-specific alloreactlve clones. The same clones were tested wlth an 
L cell transfectant expressing low levels of DR1. The response to these cells if they 
also expressed ICAM-1 was enhanced in only one of the clones, whereas the 
response of other clones was not affected. 

4) the prollferation of DR2-allospeciflc clones (DR2a or DR2b) to L cells 
expressing ICAM-1 showed sorne enhancement. 

5) none of the DR1 or DR2 allospecific clones unable to recognize the DR 
molecules expressed In the L cells became· posltlve by the additional expresslon of 
ICAM-1 in the stimulator cells. This could not be explalned by the lack of an 
endogenous human peptide, since all but one also failed to recognlze a human 
fibroblast transfected with OR1 +/- ICAM-1. The prollferation of the responslve clone 
was clearly enhanced by the expresslon of ICAM-1 In the stlmulators. 

These data confirm that the LFA-1/ICAM-1 lnteraction has a role in the antlgen­
speclflc recognition by sorne of the T cell clones. increaslng the efficlency of the 
recognition. However, this influence varles wldely among different T cell clones, 
probably depending on the intrinsic etflclency of the recognition by each ot t~ 
clones. 

Fundación Juan March (Madrid)



56 

The Genomic Oraanisation of the Human CD18 Gene and RFLP studies. 

S.K. Alex Law, The MRC lmmunochemistry Unit, Department of Biochemistry, 
University of Oxford, South Parks Road, Oxford OX1 3QU, United Kingdom 

The gene for the 13-subunit of the human leukocyte integrins (CD18) has been 
located to near the q telomere of chromosome 21. We have obtained genomic 
clones covering the CD18 gene spañning a region of about 40 kb. The gene is 
organised into 16 exons. The first exon consists entirely of 5' untranslated 
sequences. Using both hybridisation/protection and primer extension type 
techniques, we have demonstrated that there are multiple initiation sites of 
transcription . The first exon is therefore of variable length with the majority of 
between 50 to 90 bases. The longest one detectad by RACE-PCR is of 127 bases. 
No TATA or CCAAT boxes are found immediately 5' to this region suggesting that 
the transcription of the CD18 gene is probably not regulated by these elements. 
The polyadenylation site is also heterogeneous within a span of nine bases 
although the most 3' site is used most frequently. This is perhaps due to the 
absence of a pronounced GT-rich sequence about 25 bp 3' from this region. All 
exon/intron boundaries conform to the GT/AG splicing consensus. Most of 

boundaries are similar to 1hose of the J33 integrin gene. 

The CD18 gene is polymorphic by RFLP analysis. From 20 unrelated healthy 

individuals three loci can be defined. Locus A (2 alleles) and locus B (2 alleles) are 
within the CD18 gene and are likely to arise from the insertion/deletion of intronic 
sequences. Locus C is due to the presence/absence of two 3' extragenic Bgl-ll sitas 
and three alleles can be detectad. There appears to be very weak linkage between 
the alleles. Of the 12 possible haplotypes, only one is not found in the 20 
individuals. Four unrelated LAD patients w~re also studied. Six different 

haplotypes are found among them indicating that LAD is not associated with any 
particular haplotype. In addition, the presence of six haplotypes suggests that the 
deficiencias are different. This conjecture is supported by preliminary evidence 
obtained from the molecular characterisation of the CD18 specific cDNA derivad 
from the LAD cell lines. Four point mutations and a splicing defect have been 
identified. 
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THE INFLUENCE OF RECEPTOR MOBILITY IN 
CELL ADHESION STRENGTHENING 

M.B. Lawrence. The Center for Blood Research, INC. 
800 Huntington Avenue. Boston, MA. 02115 (USA). 

We have used an in vitro model system of glass-supported planar membranes to 

study the effects of lateral mobility of membrane-bound receptors on cell adhesion. Egg 

phosphatidylcholine (PC) bilayers were reconstituted with two anchorage isoforms of the 

adhesion molecule lymphocyte function-associated 3 (LFA-3). The diffusion coefficient of 

glycosyl-phosphatidylinositol (GPI) anchored LFA-3 approached that ofphospholipids in 

the bilayers, whereas the transmembrane (1M) anchored isoform of LFA-3 was immobile. 

Both static and laminar flow assays were used to quantify the strength of adherence to the 

lipid bilayers of the T lymphoma cell line Jurkat which expresses the counter-receptor CD2. 

Cell adhesion was dependent on LFA-3 density and was more efficient on membranes 

containing the GPI isoform than the TM isofonn. Kinetic measurements demonstrated an 

influence of contact time on the strength of adhesion to the GPI isoform at low~ site 

densiries (25-50 sites/µm2), showing that the mo.bility of LFA-3 is unportant in adhesion 

strengthening. At higher site densities (1500 sites/µm2) and longer contact times (20 

minutes), Jurkat cell binding to the TM and GPI isoforms of LFA-3 showed equivalent 

adhesion strengths, although adhesion strength of the GPI isoform developed 2-fold more 

rapidly than the TM isoform. Reduction of CD2 mobility on Jurkat cells at 5"C greatly · 

decreased the rate of adhesion strengthening with the TM isoform ofLFA-3, resulting in a 

30-fold difference between the two LFA-3 isoforms. Our results demonstrate that the 

ability of a membrane receptor and its membrane-bound counter-receptor to diffuse laterally 

enhances cell adhesion both by allowing accumulation of ligands in the cell conblCt area and 
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Stlmulatlon of adbesion of U-937 promonocytic Une to human 
endothelial cells by monoclonal anttbodies to endoglin and VLA-5. 
Anne Gougos and MicheJie Letarte. Division of Immunology and Cancer, 
Hospital for Sick Children and Department of Immunology, University of 
Toronto, Toronto, Canada, M5GIX8. 

Endoglin is a major glycoprotein of human endothelial cells, a homodimer 
of Mr=170,000. The sequence deduced from that of the isolated cDNA revealed a 
type I integral membrane protein with no homology to known proteins or motifs. 
As an RGD tripeptide is accessible at the surface of each chain, we postulated that 
this protein might be implicated in RGD mediated interactions. Adhesion of U-
937 cells, labelled with the fluorescent dye BCECF, to monolayers of endothelial 
cells derived from human umbilical vein (EC) was monitored using the FCA 
mufüwell microfluorimeter. Pretreatment of EC with monoclonal antibodies 
(Mab) to endoglin was shown to increase the adhesion event by 5 to 20-fold, in a 
dose-dependent fashion and with maximum IgG concentrations of 20 µg/ml. The 
increased adhesion was inhibited in the presence of RGD but not by RGE peptides 
(200-400µg/ml) and by cytochalasin B. Pretreatment of U-937 cells with Mab to 
endoglin also sfimulated their adhesion to EC. We also analysed the reactivity of 
Mab to known integrins on U-937 and EC by flow cytometry and in the adhesion 
assay. Although VLA-2, VLA-3, VLA-4, VLA-5 and VLA-6 were present on 
EC, only Mab to VLA-5 and to ~ 1 chain could stimulate adhesion when 
preincubated with EC. On U-937 cells, VLA-4, VLA-5, VLA-6, LFA-1, and 
Mac-1 were present but only Mab to VLA-5 and PI could stimulate adhesion. 
Thus, increased adhesion in this system can be triggered on either cell type by 
Mab to VLA-5 or endoglin.suggesting that both molecules are implicated in this 
interaction. Since VLA-5 binds to fibronectin via RGD, it is challenging to 
speculate that it might also bind to endoglin. Altematively, endoglin might be a 
constituent of the mutívalent complex which mediates interaction between 
monocytes and endothelial cells. Future biochemical studies should test these 
hypotheses. 
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TIIE HUMAN J,ElJKOC'tTF. ADHESION MOLECULE IC\:\.1-2. GENF.RATION OF A 
MONOCLONAL ANTIBOOY, CHARACTERIZA110N OF THE PROTEIN AND 
REGULATION OF THE EXPRESSION. 

Non.amo, P. 11, Timonen, T.11 , Renkonen, R.11, Patarroyo, M.~ 1 and Gahmberg, C.G. 11 

11 Dept. or Blochemi.my, University or Helsinki, Flnland 
11 Dcpt. of Patology, Universlty or Helsink.J, Flnland 
JI Dept. of Bacteriology and lmmunology, 

Untvenity or HelsinkJ, Finland 
IJ Dept. of lmmunology, Karollnska lnstltutc. Stockholm, Swcden 

Leukocyte adhesion play.s a fundamental role in leukocyte functions. The binding be~en 
cells involves participation of severai cell surface glycoproteins, and among the most 
important are the CDt l/CD18 integrins and their ligands CD54 (ICAM-1) and ICAM·2. It 
has been shown that ICAM-2 is a cellular ligand for CD11a/CD18. We have synthesi?.ed 
thc ICAM-2 DNA by PCR. and expressed it in E. coli and COS-1 cells. Thc protein made 
in bacteria was used to obtain polyclonal and monoclonal antibodies. ICAM-2 is a 
glycoprotein with an apparent MW of 55 000. lt is strongly expressed on cndothelial cclls, 
and lcss in hernatopoietic cells. 

The rcgulation of the expression of ICAM-2 was studie!.I by using the anti-ICAM-2 MAb. 
Results from flowcytometry experiments and immunoblotting shows that wbile thc 
cxpression of CD54 (ICAM-1) can be regulated by different cytokines, the expression of 
ICAM-2 seems to be constitutive in ali cdls examined. 

Fundación Juan March (Madrid)



60 

REGUlATED EXPRESSION AND FUNC110N OF CD11c/CD18 INTEGRIN ON HUMAN 

B LYMPHOCYTES. RElATION BE'IWEEN A'ITACHMENT TO FIBRINOGEN AND 

TRIGGERING OF PROUFERATION TIIROUGH CD11c/CD18.' 

ANTONIO A. POSTIGO, ANGEL L CORBr, FRANCISCO SANCHEZ-MADRID, AND 

MANUEL O. DE 1.ANDAZURI 

Servicio de Inmunología and (•) Unidad de Biología Molecular. Hospital de la Princesa. 

Universidad Autónoma de Madrid. Madrid. SPAIN. 

CDllc/CD18 (plS0,95) is a 132 integrin expressed by myeloid, NK and certain lymphoid cells 

such as sorne cytotoxic T cell clones and B cell maJignancies. We have studied the expression 

and function of CDllc on resting and activated B lymphocytes. Row cytometry, 

immunoprccipitation and mRNA anaJyscs showed that cell activation with phoxbol esteIS or with 

a variety of stimuli such as Staphylococcus aureus or anti-µ antibodies in combination with 

cytokines induced "de novo" CDllc/CD18 cell surfacc expression on most B cells while CDllb 

expression was not affccted. Functiooal analysis of CDllc/CD18 on B cells revealed that it 

plays a dual role: first, CD1lc/CD18 is i.mplicated in B cell prolifcration, as demonstratcd by the 

ability of severa! anti-CDllc mAb to trigger comitogcnic signals, and scc:ond thc ncwly 

expresscd CDllc/CD18 mcdiates B cell binding'to fibrinogen (FG). Our data data conclusively 

demonstratc thc role of CDllc/CD18 on both B cell activation and adhesion processcs and 

suggest that FG may be involvcd in B cell activation. 
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1llE Jl!JIWJ JNJir.RJN VLJ\-4: ITTU!IlATICW lITT1I llJ~ n4 El'~. 

Rafael Pnlido(l). Mariano J . Ell<'P9(2). KignPl R. r~ro(l), 1..aurelee Ckllx:lm(3). SUsan 
SchifferOl, Angeles Garcfa-Parilo(4). Roy lohh(J). Kartin E. Hanler(2). and Franctsro SAnchez­
Mitdri d (1) • 

Fran (!)Sección c!r Imunoloqia, Hoopltal de la Princesa . Mitdrld; (~)Dlvisirn of 'T\m>r Virology, 
llana-FarbP.r C'.illlN'r Tnst.itute, lhst.on 1'11\; (3)JliCY,Jf'!ll, Jnc., Cilrf>ridge l'R; and (4)C"'1tm de 
Investigacirnes Biológicas, CSIC. Mitdrid. 

'Jbe Jnlm1J fot.egrin VLJ\-4 ((l)49d/(])29), the ]ellkocytP receptor for Jnth the 11:-1 regjm of pJasna 

f i.broooctin (Fn) and t.he vascular ce 11 surta ce adhesi.on OD lecul e-1 (VCllM--1) , also oaliates 

hamtypk aggregatim •IJOI t.riggering wit.h specific ant.i-VlA-4 mb. ~fül>E! maA>ing of this int.egrin 

rn the hirnan 8-<.Y!ll Hne Ranos, perfornnl with a wide p;mel of anti--VLJ\-4 ~ by lxlth cross-

crnp>t.itive cel1 hinding and protease sensitivit.y as.c:ays, revealrrl t.he existence of t.hree 

topographically dlstinct epit.opes oo t.he <J4 chain, referred to as epitnpes A, B and C • .. By testing 

Uds )JilllP.l of ant.i-VLJ\-4 ml\b for inhibitJm of rel1 binding t.o lx:lth a 38 kila Fb fngnent 

aJrttaining CS-1 and to VC!\K- 1, as well as for induction and inhihition of VLJ\-4 mediated hamtypic 

ce]] adhesim, lt'P have fomd overlapping n1t cliffereit. funct.ima] prqiertÜ~ a.'!90Cfat.ed with eadJ 

epitope. Anti-il4 ml\b recognizing epitope B inhibited cell attadlTelt: to lx:lth Fn and VCl\!11---1, llhereas 

ml\b against. epitope A did not. block vrnl--1 binding and mly pilrt.faJly inhibitrrl hind:ing tn Fb. Jn 

OJrttrast, ml\b c!ired.ed to epUope e did not affect cell adbesion to either of the t1IO VIA-4 ligands. 

Al1 ml\b direct.ro to site A, as wl1 as a subgroip of mb remgnizing epitqie 11 (called B2), were 

ahle to induce cell aggregatioo, bnt t.his effect was mt exerted by ~ specific to site e ancl by a 

subgrrnp against epitope B (callP.d Bl). K:>reover, altlnlgh anti--eyit.o¡~ e and anti-epitqe m llilb 

did not trigger aggreqation, those ~ blockAI <tggregation induced by anti--epitope A or B2 lllr\b. 

Also, ant.i--€pitope A mAh hlocked B2-indnced a<J]regatim, and cmvernPJy, anti--€pitqie B2 llilb blocked 

lHndnced aggt'f!gation. F\rrther evidence for n11ltiple VU\- 4 functims is tJiat anti-f)i and anti-~1 

antíh:xUes inhibited binding to Fn or to vrnl--1, respectively, but. did not affect VIA-4--.ediated 

aggregation. In simnary, 11e have dmmstratro that there are at least three different VIA-4-lll!diated 

adbP.sim fuocticms , 11e have defined t.hreP. clistínct. VLJ\-4 epitqies, and we have carrelated these 

epitopes with the <lifferent functions of VlA-4. 
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EA-1, A NOVEL AmlESION ' MOLECULE INVOLVED IN HOMING 
OF PROGENITOR T LYMPHOCYTES TO THE THYMUS 

Patricia Ruiz. Basel Institute for Immunology. 
Grenzacherst r asse 487. Basel (Switzerland). 

Cell·cell interaction between mature hemopoletic cells and endothelium has been extensivety 

studied, but the interaction of hemopoietic precursors with endothelium during development is 

stlll an untapped field and nothing is known about the adhesiva molecules lnvolved. 

Wé are lnterested in the homing molecules involved in the blnding of hemopoietic precursors 

present In the blood stream on the thymus endothelium . In order to carry out blochemical 

studles we established an In vitro modal uslng both hemopoletlc precursors (1) and 

endothellal cell llnes (2-3). Monoclonal antibody, EA-1, ralsed against a mouse embryonic cell 

Une, bl0cks adhesion of the mouse pro-T cell line FT-F1 to the thymus blood vess_els (4), 

thymic capsule and liver from newborn mlce, aswell as to a thymic endothelial cell line. lt has 

no effect on the adhesion of mature T cells or myelold cells. The antigen recognized by EA-1 

Is present on the vascular endothelium of various mouse tissues but is absent on pro~T cells. 

lt precipitates molecules with apparent molecular weight of 140 and 200 kD and the band 

pattern is the same under reducirig and non reducing conditions. When endothelial cell lines 

were treated with neuraminidase their affinity for EA-1 antibody was reduced; 

endoglycosldase F, hyaluronidasa and phospholipase C showed no lnfluence. Thus, _there is 

likely to be an 0-linked sialic acid near the epitope. lmmunoprecipitation of nativa protein from 

FPLC column fractions suggests that the EA-1 antigens are In a complex of 700-1000 kD. 

The 140 kD band was dlgested by CNBr, the peptldes were separeted on a HPLC reverse 

: phase column and 1 O amino acids were sequenced. We are now attempting to lsolate a 

cDNA encoding the cell adhesion molecule recognlzed by EA-1. 

On the basis of lnhibition studies, immunofluorescence staining and immunoprecipitation 

experlments with antibodies agairist known adhesion molecules, we suggest that EA-1 is a 

new molecule lnvolv~d in the adhesion of pro-T cells to the thymic endothelium (5). 
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REGULATION 01' LFA-1 BINDINO TO ICAM-1 BY T'l'ROSINE KJKASE8 A1'II> PB08PBATASE8. 

Furnia Takel and Daniel Lee, 
Teny Fax Laboratory, BC Cancer Research Center 

and the Department of Pathology, Untverslty of BrttlSh Columbia, 
Vancouver, B.C., Canada. 

The adheston of T cells medlated by LFA-1 and JCAM-1 has been shown to be flnely 
regulated and closely assoclated wlth T cell acttvatlon. In arder to eluctdate the mechanisms that 
regulate the ICAM- l /LFA-1 btndtng. we generated a soluble form of murlne ICAM-1 and 
examJned tts btndlng to murtne LFA-1 . The murtne ICAM-1 cDNA that we had prevtously cloned 
was modlfled to remove the transmembrane and cytoplasmlc domalna, subcloned lnto the 
pBCMGS mammallan cxpresston vector and transfected tnto the murtne myeloma cell 11ne NS-1 . 
The transformed NS - 1 cells secreted t!p to 10 µg/m! soluble ICAM-1. It was purlfled to 
homogenelty and lts blndtng to murlne LFA-1 was studled In two waya. Ftrat, slCAM-1 was 
tmmoblllzed on mtcrotltre wells and the blndtng of LFA-1 + cells to the wells were quantttated . 
Second. the purtfled slCAM-1 was radlo-lodlnated and lts blndtng to LFA-1 + cells was measured. 
The former would be a measurement of the avldlty (multtvalent tnteractton) of LFA-1 whlle the 
latter would quantltate the affinlty (monovalent blndlng) of LFA-1 for ICAM-1. The blndtng of 
s!CAM-1 to LFA-1 was readtly detected by both methods and lt was lnhlblted by anttbodles to 
LFA-1 and ICAM-1 or an excess amount of unlabelled slCAM-1, tndlcattng that the b~ was 
spcclflc. Scatchard plot analysts showed two forms of blndtng sttes, le htgh (Kd • 3X10· 10M1 and 
low (Kd = 2.5Xlo8MJ affinlty forros.· On the murtne T cell 11ne MBL-2 or helperT cell hybrtdoma 
ltne, the majortty of LF A-1 molccules seem to be In the low aftlnlty form stnce only lesa than 104 

htgh affintty receptor per cell can be detccted whereas total LFA· l molecules detected by anti­
CD l la antlbody IS over 105/cell. Phorbol ester, whlch acttvates protetn klnase C and Induces 
cell aggregatton, dld not tncrease 1251-sJCAM-l btnd.lng to LFA-1. Cytochalastit B, whlch lnhlblts 
actln fllaments, and staurosportn. a proteln klnase C lnhlbltor, stgnJflcantly tnhfblte& the btndlng 
of LFA-1 + cells to plate tmmoblllzed s!CAM-1 but they dld not affect the blnd.lng of 1 51-stCAM- l 
to the cells. Cross-llnklng of the TCR/CD3 stgniflcantly tncreased the btndtng of slCAM-1 wtthtn 
2 mln followed by a rapld decline In 5 mln. Stnce T cell receptor cross-llnking Is known to 
acttvate tyroslne ktnases, the effects of tyroslne klnase lnhlbltor gentsteln and tyroslne 
phosphatase lnhlbltor metavanadate were examtned. Genlsteln slgnlflcantly enhanced the 
blndtng of 1251-slCAM-l whereas metavanadate almost completely lnhlblted the blndtng. These 
results tndtcate that LFA-1 medtated cell adheslon seems to be regulated by at least two dlstlnct 
mechanlsms. One lnvolves the proteln klnase C pathway that regulates cell adheslon wlthout 
changtng the affintty of LFA-1 for ICAM-1 and posslbly tnvolves cytoskeleton. The other pathway 
appears to be medlated by tyroslne phosphorylatlon and dephosphorylatton of unldenttfled 
molccule(s). Thts pathway Induces changes In the affin.lty of LFA-1 most llkely due to a change In 

lts conformatlon. 
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2+ 
INTRACELLULAR Ca LEVELS· CAN DETERMINE TRANSIENT OR SUSTAINED 
ACTIVATION OF LFA-1 
Yvette van Kooyk, Division of Immunology. Het Nederlands Kanker 
Instituut. Antoni van Leeuwenhoek Huis. Plesmanlaan 121. Amsterdam 
(The Netherlands). 

Resides triggering of the CD2 or CD3 receptorf LFA-1 can be actlvated by 

severa! other receptors. Our latest data show that trlggerlng of cloned T 

lymphocytes by MHC class 11, CD43 or CD44 can lead to an lncreased 

adheslon of these cells to purified ICAM-1. The lnduced adhesion shows 

dlstlnct kinetlcs, In which we can dlscrlmlnate two different actlvatlon 

routes: a sustalned and a transient activatlon of LFA-1. Extracellular 

(Ca2+ and Mg2+) cations contrlbute to these dlstlnct klnetlcs. 

lnterestingly we found that the kinetlcs of aggregation correspond to the 

kinetlcs of intracellular ca2+ fluxes generated by these antibodl,.s. We 

have evidence that at least two dlstlnct slgnalling routes with different 

catlon requirements can activate LFA-1 through a raise in intracellular 

ca2+. 
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VLA-4 Is Jnvolved in Lymphocyte Bindlng to Braln Endothellum in Experimental 

Autolmmune Encephalitis. 

Ted A. Yednock, Catherine Cannon, and Nathan Karin'. Athena Neuroscienccs, South 

San Francisco, CA and *Sumford University, Stanford CA, USA. 

Experimental autoimmune encephalitis (EAE) is an inflammatory diseasc of the central 

nervous system that can be induced in the Lewis rat by a single intraperitoneal injection of a 

CD4+ T cell clone specific for myelin basic protein. Disease is manifested by tail and limb 

paralysis within six da.y~ of the injection. At this time, lymphocytes and monocytes form 

large cuffs around venules within the animal's brain stem and spinal cord, and in sorne 

areas infiltrare imo the brain lissue itself. The immune cells appear ro arrive from the 

circulation ~ince large numbers of lumenally bound and migrating cells can be sccn in ti.ssue 

section~. In order to characterize the receptors that mediate the interac~on of circulating 

lymphocytes and monocytes with this éndothelium we adapted the Stámper-Woodruff in 

vitro hindfog assay to EAE brain tissue. The assay measures the binding of viable 

leukocytes to profiles of vessels exposed in unfixed cryostat tissue sections. Normal rat 

and human lymphocytt".s, as well as several human lymphoid cell lines were found to bind 

only to the inflamed vesse.ls in cliseased brain. The binding was not a.ffected by antlboclies 

again~t Lecarn-1, 132 Inte.grin, or CD44, but was !argel y inhibited by anti-81 integrin. Of 

the 61 integrins, only antibodies that block the VCAM-1 binding acrlvity of VLA-4 were 

inhibitory; an antibody against the fibronectin binding domain of VLA-4 enhanccd binding 

to brain vessels. These results indicare that VLA-4 is important for lymphocyte adhercnce 

to inflamed brain endothelium. Howcver, VLA-4 expression alone is not sufficient for this 

interaction since some cell lines that express high levels offunctional \-1...A-4 bound poorly 

to EAE brain vessels. Anti-VLA-4 was also found to inhibit lymphocyte binding to TNF· 

stimulated brain endothelium in culture and preliminary experiments indicate that anti-VLA-

4 may prevent the development of EAE when administered in vivo. 
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- Departamento de Biología Molecular. 
Hospital de la Princesa. Universidad 
Autónoma de Madrid. Diego de León, 62. 
28006 Madrid (Spain). 
Tel.: 34 1 402 33 47 
Fax : 34 1 402 33 47 

- Athena Nevrosciences . 800F Gateway 
Blvd. South San Francisco, CA. 94080 
(USA). 
Tel.: 415 877 0900 
Fax : 415 877 8370 

Fundación Juan March (Madrid)



Fundación Juan March 
SERIE UNIVERSITARIA 

PUBLISHED TEXTS Green Series 

(Mathematics, Physics, Chemistry, Biology, Medicine) 

2 Mulet, A: 
Estudio del control y regulación, me­
diante un calculador numérico, de una 
operación de rectificación discontinua. 

4 Santiuste, J. M.: 
Combustión de compuestos oxigena­
dos. 

5 Vicent López, J . L.: 
Películas ferromagnéticas a baja tem­
peratura. 

7 Salvá Lacombe, J . A.: 
Mantenimiento del hígado dador in vi­
tro en cirugía experimental. 

8 Plá Carrera, J .: 
Estructuras algebraicas de los siste­
mas lógicos deductivos. 

11 Drake Moyana, J . M.: 
Simulación electrónica del aparato 
vestibular. 

19 Purroy Unanua, A.: 
Estudios sobre la hormona Natriuréti­
ca. 

20 Serrano Molina, J. S.: 
Análisis de acciones miocárdicas de 
bloqueantes Beta-adrenérgicos. 

22 Pascual Acosta, A.: 
Algunos tópicos sobre teoría de la in­
formación. 

25 1 Semana de Biología: 
Neurobiología. 

26 1 Semana de Biología: 
Genética. 

27 1 Semana de Biología: 
Genética. 

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

29 Alonso, J . A.: 
Transferencias de carga en aleaciones 
binarias. 

30 Sebastián Franco, J . L.: 
Estabilidad de osciladores no sinusoi­
dales en el rango de microondas. 

39 Blasco Oleína, J . L. : 
Compacidad numerable y pseudocom­
pacidad del producto de dos espacios 
topológicos. 

44 Sánchez Rodríguez, L.: 
Estudio de mutantes de saccharomy­
ces cerevisiae. 

45 Acha Catalina, J. l. : 
Sistema automático para la explora­
ción del campo visual. 

47 García-Sancho Martín, F. J.: 
Uso del ácido salicílico para la medida 
del pH intracelular. 

48 García García, A.: 
Relación entre iones calcio, fármacos 
ionóforos y liberación de noradrena­
lina. 

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

50 Pando Ramos, E.: 
Síntesis de antibióticos aminoglicosí­
dicos modificados. 

51 Orozco, F. y López-Fanjul, C.: 
Utilización óptima de las diferencias 
genéticas entre razas en la mejora. 
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52 Gallego Fernández, A. : 
Adaptación visual. 

55 Castellet Solanas, M.: 
Una contribución al estudio de las teo­
rías de cohomología generalizadas. 

56 Sánchez Lazo, P.: 
Fructosa 1,6 bisfosfatasa de hígado de 
conejo: modificación por proteasas li­
sosomales. 

57 Carrasco Llamas, L.: 
Estudio sobre la expresión genética de 
virus animales. 

59 Alfonso Rodríguez, C. N. : 
Efectos magneto-ópticos de simetría 
par en metales ferromagnéticos. 

63 Vidal Costa, F.: 
A la escucha de los sonidos cerca de 
T). en el 4He líquido, 

65 Andréu Morales, J. M.: 
Una proteína asociada a membrana y 
sus subunidades. 

66 Blázquez Fernández, E.: 
Desarrollo ontogénico de los recepto­
res de membrana para insulina y glu­
cagón. 

69 Vallejo Vicente, M.: 
Razas vacunas autóctonas en vías de 
extinción. 

76 Martín Pérez, R. C.: 
Estudio de la susceptibilidad magne­
toeléctrica en el Cr20 3 policristalino. 

80 Guerra Suárez, M.ª D.: 
Reacción de amidas con compuestos 
organoalumínicos. 

82 Lamas de León, L. : 
Mecanismo de las reacciones de ioda­
ción y acoplamiento en el tiroides. 

84 Repollés Moliner, J.: 
Nitrosación de aminas secundarias 
como factor de carcinogénesis am­
biental. 

86 11 Semana de Biología: 
Flora y fauna acuáticas. 

87 11 Semana de Biología: 
Botánica. 

88 11 Semana de Biología: 
Zoología. 

89 11 Semana de Biología: 
Zoología. 

91 Viétez Martín, J. M.: 
Ecología comparada de dos playas de 
las Rías de Pontevedra y Vigo. 

92 Cortijo Mérida, M. y García Blanco, F.: 
Estudios estructurales de la glucógeno 
fosforilasa b. 

93 Aguilar Benítez de Lugo, E.: 
Regulación de la secreción de LH y 
prolactina en cuadros anovulatorios 
experimentales. 

95 Bueno de las Heras, J. L. : 
Empleo de polielectrolítos para la flo­
culación de suspensiones de partícu­
las de carbón. 

96 Núñez Alvarez, C. y Ballester Pérez, A.: 
Lixiviación del cinabrio mediante el 
empleo de agentes complejantes. 

101 Fernández de Heredia, C.: 
Regulación de la expresión genética a 
nivel de transcripción durante la dife­
renciación de artemia salina. 

103 Guix Pericas, M.: 
Estudio morfométrico, óptico y ul­
traestructural de los inmunocitos en la 
enfermedad celíaca. 

105 Llobera i Sande, M.: 
Gluconeogénesis «in vivo» en ratas so­
metidas a distintos estados tiroideos. 

106 Usón Finkenzeller, J. M.: 
Estudio clásico de las correcciones ra­
diactivas en el átomo de hidrógeno. 

107 Galián Jiménez, R. : 
Teoría de la dimensión. 

111 Obregón Perea, J. M.ª: 
Detección precoz del hiporitoidismo 
congénito. 

115 Cacicedo Egües, L.: 
Mecanismos moleculares de acción de 
hormonas tiroideas sobre la regula­
ción de la hormona tirótropa. 

121 Rodríguez García, R.: 
Caracterización de lisozimas de dife­
rentes especies. 

122 Carravedo Fantova, M.: 
Introducción a las orquídeas espa­
ñolas. 
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125 Martínez-Almoyna Rullán, C.: 
Contribución al estudio de la Manome­
tría ano-rectal en niños normales y con 
aletraciones de la continencia anal. 

127 Marro, J.: 
Dinámica de transiciones de fase: Teo­
ría y simulación numérica de la evolu­
ción temporal de aleaciones metálicas 
enfriadas rápidamente. 

129 Gracia García, M.: 
Estudio de cerámicas de interés ar­
queológico por espectroscopia Moss­
bauer. 

131 García Sevilla, J . A.: 
Receptores opiáceos, endorfinas y re­
gulación de la síntesis de monoaminas 
en el sistema nervioso central. 

132 Rodríguez de Bodas, A.: 
Aplicación de la espectroscopia de 
RPE al estudio conformacional del ri­
bosoma y el tRNA. 

136 Aragón Reyes, J. L. : 
Interacción del ciclo de los purín nu­
cleóticos con el ciclo del ácido cítrico 
en músculo esquelético de rata duran­
te el ejercicio. 

139 Genís Gálvez, J. M.: 
Estudio citológico de la retina del ca­
maleón. 

140 Segura Cámara, P. M.: 
Las sales de tiazolio ancladas a sopor­
te polimérico insoluble como cataliza­
dores en química orgánica. 

141 Vicent López, J . L.: 
Efectos anómalos de transporte eléc­
trico en conductores a baja tempera­
tura. 

143 Nieto Vesperinas, M.: 
Técnicas de prolongación analítica en 
el problema de reconstrucción del ob­
jeto en óptica. 

145 Arias Pérez, J .: 
Encefalopatía portosistémica experi­
mental. 

147 Palanca Soler, A.: 
Aspectos faunísticos y ecológicos de 
carábidos altoaragoneses. 

150 Vioque Cubero, B. : 
Estudio de procesos bioquímicos im­
plicados en la abscisión de la aceituna. 

151 González López, J .: 
La verdadera morfología y fisiología de 
Azoyobacter: células germinales. 

152 Calle García, C.: 
Papel modulador de los glucocorticoi­
des en la población de receptores para 
insulina y glucagón. 

154 Alberdi Alonso, M.ª T.: 
Paleoecología del yacimiento del Neó­
geno continental de Los Valles de 
Fuentidueña (Segovia). 

156 Gella Tomás, F. J .: 
Estudio de la fosforillasa kinasa de hí­
gado y leucocitos: purificación, carac­
terísticas y regulación de su actividad. 

157 Margalef Mir, R.: 
Distribución de los macrofitos de las 
aguas dulces y salobres del E. y NE. 
de España y dependencia de la com­
posición química del medio. 

158 Alvarez Fernández-Represa, J.: 
Reimplantación experimental de la ex­
tremidad posterior en perros. 

161 Tomás Ferré, J. M.ª: 
Secreción y reutilización de trifosfato 
de adenosina (ATP) por sinaptosomas 
colinérgicos. 

163 Ferrándiz Leal, J. M.: 
Estudio analítico del movimiento de 
rotación lunar. 

164 Rubió Lois, M.; Uriz Lespe, M.ª J . y Bibi­
loni Rotger, M.ª A.: 
Contribución a la fauna de esponjas 
del litoral catalán. Esponjas córneas. 

165 Velasco Rodríguez, V. R.: 
Propiedades dinámicas y termodiná­
micas de superficies de sólidos. 

166 Moreno Castillo, l.: 
Ciclo anual de zooplancton costero de 
Gijón. 

168 Durán García, S.: 
Receptores insulínicos en hipotálamo 
de rata: localización subcelular y me~ 
canismo(s) de regulación. 

169 Martínez Pardo, R.: 
Estudio del mecanismo secretor de 
hormona juvenil en oncopeltus fascia­
tus. 
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171 García Jiménez, J. : 
Fusariosis del gladiolo: un estudio pre­
liminar. 

173 Fernández Aláez, C.: 
Análisis estructural en sabinares de la 
provincia de León. 

174 Furia Egea, J.: 
Citokinas en agrios. Actividades endó­
genas, efectos fisiológicos y aplicacio­
nes. 

180 Moreno Rodríguez, J. M.: 
Estudios ecológicos en jarales (cistion 
laurofilii): Variación anual de algunos 
factores del entorno y manifestaciones 
fenológicas. 

182 Pons Vallés, M.: 
Estudios espectroscópicos de fosfolí­
pidos polimerizables. 

183 Herrero Ruiz de Loizaga, V. J. : 
Estudio de reacciones químicas por 
haces moleculares. Aplicación a la 
reacción C2H5 Br + K Brk + C2H5• 

193 Martín García, V. S.: 
Utilización sintética en química orgáni­
ca de metales pesados como cataliza­
dores. Oxidación asimétrica. 

195 Badía Sancho, A.: 
Receptores presinápticos en el con­
ducto deferente de rata. 

196 Estévez Toranzo, A. : 
Supervivencia de patógenos bacteria­
nos y virales de peces en sistemas de 
cultivo. 

197 Lizarbe lracheta, M.ª A.: 
Caracterización molecular de las es­
tructuras de colágeno. 

203 López Calderón, l. : 
Clonación de genes de ccSaccharomy­
ces cerevisiae» implicados en la repa­
ración y la recombinación. 

211 Ayala Serrano, J. A. : 
Mecanismo de expresión de la PBP-3 
de ccE. coli»: Obtención de una cepa hi­
perproductora de la proteína. 

240 Genetic Strategies in Development. 
Symposium in honour of Antonio García 
Bellido. Lectures by S. Ochoa, S. Bren­
ner, G. S. Stent, E. B. Lewis, D. S. Hog­
ness, E. H. Davidson, J. B. Gurdon and 
F. Jacob. 

244 Course on Genome Evolution. 
Organized by E. Viñuelas. Lectures by R. 
F. Doolittle, A. M. Weiner/N. Maizels, G. 
A. Dover, J. A. Lake, J. E. Walker, J. J. 
Beintema, A. J. Gibbs, W. M. Fitch, P. Pa­
lese, G. Bernardi and J. M. Lowenstein. 

246 Workshop on Tolerance: Mechanisms 
and implications. 
Organized by P. Marrack and C. Martí­
nez-A. Lectures by H. van Boehmer, J. 
W. Kappler, C. Martínez-A., H. Wald­
mann, N. Le Douarin, J. Sprent, P. Mat­
zinger, R. H. Schwartz, M. Weigert, A. 
Coutinho, C. C. Goodnow, A. L. DeFran­
co and P. Marrack. 

247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organized by V. Conejero and L. C. Van 
Loon. Lectures by L. C. Van Loan, R. Fra­
ser, J. F. Antoniw , M. Legrand, Y. Ohashi , 
F. Meins, T. Boller, V. Conejero, C. A. 
Ryan, D. F. Klessig, J. F. Bol, A. Leyva 
and F. García-Olmedo. 

248 Beato, M. : 
Course on DNA - Protein lnteraction. 

249 Workshop on Molecular Diagnosis of 
Cancer. 
Organized by M. Perucho and P. García 
Barreno. Lectures by F. McCormick, A. 
Pellicer, J. L. Bos, M. Perucho, R. A. 
Weinberg , E. Harlow, E. R. Fearon, M. 
Schwab, F. W. Alt , R. Dalla Favera, P. E. 
Reddy, E. M. de Villiers, D. Slamon, l. B. 
Roninson, J. Groffen and M. Barbacid. 

251 Lecture Course on Approaches to Plant 
Development. 
Organized by P. Puigdoménech and 
T. Nelson. Lectures by l. Sussex, R. S. 
Poethig, M. Delseny, M. Freeling, S. C. de 
Vries, J. H. Rothman, J. Modolell , F. Sala­
mini , M. A. Estelle, J. M. Martínez Zapater, 
A. Spena, P. J. J. Hooykaas, T. Nelson, 
P. Puigdoménech and M. Pagés. 

252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizado por Juan F. Santarén. Semi­
narios por Julio E. Celis, James l. Garrels, 
Joel Vandekerckhove, Juan F. Santarén 
y Rosa Assiego. 

253 Workshop on Genome Expression and 
Pathogenesis of Plant ANA Viruses. 
Organized by F. García-Arenal and P. Pa­
lukaitis. Lectures by D. Baulcome, R. N. 
Beachy, G. Boccardo, J. Bol, G. Bruening, 
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J. Burgyan, J. R. Díaz Ruiz, W. G. Dou­

gherty, F. García-Arenal, W. L. Gerlach, 
A. L. Haenni , E. M. J. Jaspars, D. L. Nuss, 

P. Palukaitis, Y. Watanabe and M. Zaitlin. 

254 Advanced Course on Bíochemistry and 
Genetícs of Yeast. 

Organized by C. Gancedo, J. M. Gance­

do, M. A. Delgado and l. L Calderón. 

255 Workshop on The Reference Points in 
Evolution. 

Organized by P. Alberch and G. A. Dover. 
Lectures by P. Alberch, P. Bateson, R. J. 
Britten, B. C. Clarke, S. Conway Morris, 

G. A. Dover, G. M. Edelman, R. Flavell, 
A. Fontdevila, A. García-Bellido, G. L. G. 

Miklos, C. Milstein, A. Moya, G. B. Müller, 
G. Oster, M. De Renzi, A. Seilacher, 

S. Stearns, E. S. Vrba, G. P. Wagner, 
D. B. Wake and A. Wilson . 

256 Workshop on Chromatin Structure and 
Gene Expression. 

Organized by F. Azorín, M. Beato and 
A. A. Travers. Lectures by F. Azorín, M. 
Beato, H. Cedar, R. Chalkley, M. E. A. 
Churchill, D. Clark, C. Crane-Robinson, 
J. A. Dabán, S. C. R. Elgin , M. Grunstein, 
G. L. Hager, W. Héirz, T. Koller, U. K. 

Laemmli , E. Di Mauro, D. Rhodes, T. J. 

Richmond, A. Ruiz-Carrillo, R. T. Simpson, 

A. E. Sippel , J. M. Sogo, F. Thoma, A. A. 
Travers, J. Workman, O. Wrange and 

C. Wu. 

257 Lecture Course on Polyamines as mo­
dulators of Plant Development. 

Organized by A. W. Galston and A. F. Ti­

burcio. Lectures by N. Bagni , J. A. Creus, 

E. B. Dumbroff, H. E. Flores, A. W. Galston, 
J. Martin-Tanguy, D. Serafini-Fracassini , 

R. D. Slocum, T. A. Smith and A. F. Tibur­

cio. 

258 Workshop on Flower Development. 
Organized by H. Saedler, J. P. Beltrán and 
J. Paz Ares. Lectures by P. Albersheim, 
J. P. Beltrán, E. Coen, G. W. Haughn, J. 

Leemans, E. Lifschitz, C. Martin, J. M. 
Martínez-Zapater, E. M. Meyerowitz, J. 
Paz-Ares, H. Saedler, C. P. Scutt, H. 

Sommer, R. D. Thompson and K. Tran 
Thahn Van. 

259 Workshop on Transcription and Repli­
cation of Negative Strand ANA Viruses. 

Organized by D. Kolakofsky and J. Ortín. 

Lectures by A. K. Banerjee, M. A. Billeter, 
P. Collins, M. T. Franze-Fernández, A. J. 
Hay, A. lshihama, D. Kolakofsky, R. M. 

Krug, J. A. Melero, S. A. Moyer, J. Ortín, 
P. Palese, R. G. Paterson, A. Portela, M. 
Schubert, D. F. Summers, N. Tordo and 

G. W. Wertz. 

260 Lecture Course Molecular Biology of 
the Rhizobium-Legume Symbiosis. 
Organized by T. Ruiz-Argüeso. Lectures 

by T. Bisseling, P. Boistard, J. A. Downie, 

D. W. Emerich, J. Kijne, J. Olivares, 

T. Ruiz-Argüeso, F. Sánchez and H. P. 
Spaink. 

261 Workshop on The Regulation of Trans­
lation in Animal Virus-lnfected Cells. 
Organized by N. Sonenberg and L. Ca­

rrasco. Lectures by V. Agol, R. Bablanian, 

L. Carrasco , M. J. Clemens, E. Ehrenfeld, 
D. Etchison, R. F. Garry, J. W. B. Hershey, 

A. G. Hovanessian, R. J. Jackson, M. G. 
Katze, M. B. Mathews, W. C. Merrick, D. 

J. Rowlands, P. Sarnow, R. J. Schneider, 
A. J. Shatkin, N. Sonenberg, H. O. Voor­
ma and E. Wimmer. 

263 Lecture Course on The Polymerase 
Chain Reaction. 

Organized by M. Perucho and E. Martínez­

Salas. Lectures by D. Gelfand, K. Hayashi, 

H. H. Kazazian, E. Martínez-Salas, M. Me 

Clelland, K. B. Mullís, C. Oste, M. Perucho 
and J. Sninsky. 

264 Workshop on Yeast Transport and 
Energetics. 

Organized by A. Rodríguez-Navarro and 
R. Lagunas. Lectures by M. R. Chevallier, 

A. A. Eddy, Y. Eilam, G. F. Fuhrmann, A. 

Goffeau, M. HOfer, A. Kotyk, D. Kuschmitz, 
R. Lagunas, C. Leao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 
W. A. Scheffers and J. M. Thevelein 
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Established in 1955, 
the Juan March Foundation is a non-profit organization 

dedicated to cultural, 
scientific and charitable objectives. 

lt is one of the most important in Europe, 
considering its endowment and activities . 

The Juan March Foundation has collaborated 
significantly in the area of science and research by 

funding awards, grants and schorlarships 
for scientific training , 

supporting research studies 
and publishing research results. 

Since 1970, the Foundation 
has dedicated special attention to the field of Biology 

by means of various programmes, 
such as the Plan on Molecular Biology 

and its Applications (1981-88) 
and at present the Programme of 

International Meetings on Biology, 
designed to actively promote the relationship 

between Spanish biologists and their international colleagues . 
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