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Introduction 

This baak is a collectian af summaries of presentations at the "Structure of the 
Majar Histocompat:ibility Complex" meeting held in Madrid an 21"-22a4 September 1992. 

The idea of such a meeting was put farward by Andrés Gonzalez to sorne Spanish 
scientists doing research an the HLA field , and l decided to undertake what finally was 
a pleasant and easy task by starting contacts with Peter Parham, bath at Granada and 
Strasbourg "MHC meetings during 1990. Finally, Peter and myself called to active MHC 
scientists and de'-ided to entitlc the meeting "MHC struct:ure", although other tapies (all 
related to both MHC genes and proteins structure) were going to be dealt with. Pe ter 
and myself decided tbat formal presentations would be the best meeting format for gaod 
communicatian , since the small size of tbe meeting and the very good facilities of Juan 
March Foundation would make an easy person to persan contact. The response to our 
call was very gaod and l wish to tbank all the speakers, who made room in their busy 
schedules to come ta Madrid and made possible tbe scientific success of the meeting. I 
must express my gratitude to Andrés Gonzalez for his intelligent and efficient 
management; withaut his personal effort, this and other brilliant biology meetings would 
have not been possible. 

The rapid cllicovering of new 1-ll.A genes, the flood of new DNA sequences of 
HlA alleles, the advances on class I and c!ass Il molecules intracellular metabolism and 
crystallography and the important applications of this knowledge to understanding 
molecular anthropalogy, evolutian and tbe obscure HLA/disease relationship allowed us 
to make a program covering not only structural tapies, but also antigen presentation and 
disease association, and evolution. 

It is clear that the best studied human genetic system is the HLA complex; 
however one must say that it deseiVes sucb an interest. This HlA analysis provided a 
significant aid in dealing with clinical problems: choasing donar and receptor in salid 
organs and bone marrow tran.splantation, solving paternity problems and helping in 
diagnosis, prognosis and management of sorne associated diseases (ank.ylosing spondylitis, 
insulin dependent diabetes mellitus, rheumatoid arthrit:is, etc ... ). 

In Immunology, the HlA ant:igens together with the clanotypic T cell receptor 
complex, are one af tbe most interesting struct:ures, since many antigens are in contact 
with bath to elicit an appropriate ( ar inappropriate) immune response. Common medica! 
problems, like autoimmunity and secondary immunodeficiencies may be relieved by 
knawing in detail the structures of both molecular complexes, antigen presentation 
pathways and T cell signalling. 

In evalutian, the comparative stories of the <lifferent regions of the MHC, give us 
a relatively overt pict:ure ofwhich may be the forces driving MHC allele generation, tbat 
are different in different MHC subregions; this may also give us an idea of the specific 
function of each group of alleles, and even of each a!Iele. 

Instituto Juan March (Madrid)
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In the study of human populations' origins and relationships, the extreme HlA 
polymorphism is helping in getting very informative neighbouring homology trees (see !ast 
workshop results). For example, Spanish, Basque and Sardinian populations cluster 
together according to HLA-B and DR allelism homology and are closer to African 
populations than te other Caucasoids. This confums our own analysis (Amaiz Villena et 
al. Human Genetics 58:344-348;1981 and unpublished results) concluding that Basques, 
Sardinians and largely Iberians are related to paleoNorth African populations, whose 
remnants are today's Nortb African white isolates, like Berbers and Kabyles. 

Unfortunately, the HLA and disease insidious relationship has not been clarified 
and new approacbes may be necessary. Particularly, mouse models should not be 
transposed to humans. A good example are diabetic NOD mice, where at least six genes 
outside the MHC are working in diabetes susceptibility. Human insulin dependen! 
diabetes mellitus (IDDM) seem.s to be genetically caused mainly by genes inside de 
MHC, since the leve! of disease concordance between monozygotic twins and between 
HlA identical sib does not differ significantly; thus, it is not acceptable the NOD mouse 
model as human IDDM counterpart. 

Antonio Arnaiz Villena 
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The MHC as a gene cluster. 

John Trowsdale, Human lmmunogenetics Laboratory, Imperial 
Cancer Research Fund , Lincolns Inn Fields , Holborn WC2A 3PX. 

The human MHC spans about 4 Mbp. So far a number of the 75 
or so MHC genes that have been characterised appear to share 
related functions 111 antigen processing and presentation, 
indicating that they may be co-evolving as a gene cluster. In the 
class 11 region for example, in addition to classlla and p chain 
genes there are three new classes of genes: l. Genes without any 
obvious function in the immune system. The R 1 N G 3 gene, for 
example, between H LA- D N A and -DO B, is highiy related to a 
Drosophila developme ntal gene, femal e sterile homeotic. 2. Novel 
class Il related genes . The DMA and D M B genes probably form a 
a/P heterodimer, like class JI a and P but the ir sequences are only 
weakly relat ed 10 classJI. They appe ar 10 be evolutionary 
precursors to class 1 and JI. 3. Gen e s involved In antigen 
processmg. Two sets of inleresling gen es have been found, 
centromeric of H LA-DO B . T A P 1 and TAP2 are related to 'ABC' 
transponer genes and form a heterodi me r which is a candidate 
for transporting pepticl e s into lhe end o plasmic reticulum for 
assembly wilh class J he avy chain . Closely associated with the 
TAP genes , LM P2 and 7 are related 10 proteasomes and may be 
involved in producing pe ptides to feed 1he transporters. The 
functions of these gen es are being invesligated along with their 
polymorphism and relationship lo di seases associated with the 
MHC. 

Instituto Juan March (Madrid)



14 

HAPL01YPE DISTRIBUTION AND ALLELIC 
DIVERSI1Y OF THE PRIMATE DRB6 LOCUS 

A Corell. J. Martínez-Laso, M. Martín-Villa, A. Arnaiz-Villena. 
Hospita/12 de Octubre, Universidad ComplutellSe, Madrid. 

The allelic HIA-DRB6 gene has been described in DRl, DR2 and DRlO 
haplotypes and is probably the last DRB gene to be described in these 
haplotypes according to the obtained specific DRB RFLPs. The DRB6 
evulutiunary pattem and the finding of at least a partial transcript suggest 
that it may be expressed. On the other hand, DRB6 has been found in all 
Orangutans, Gorillas and Chimpanzees tested, also showing severa! copies 
per haplotype and a variety of alleles. These findings together with the fact 
that 100% of closest to human primates and only 30% of humans bear this 
gene are discussed and severa! implications are inferred to better explain 
the DRB evolutionary pathway. 

1. Exon-2 nucleotide sequences, pot¡morphlsm and haplotype dlstrb.1ioo of a new HLA
DRB gene: HLA-DRB6. Corell A., Martin-Villa J.M., MoreJee P., de Juan M.O., Vareta 
P., VIcario J.L., Martfnez-t.aso J. and Amatz-VIIIena A. 
Molecular knmunology 28: 533-543, 1991 · 

2. Allelic diVersity at the primate major histocompati:>irty complex ORB6 bcus. Corell A., 
Morales P., V•rela P., Paz·Artal E., Martfn-VIIIa J.M., Marttnez4.aso J. and Amalz
VlllenaA. 
lmmunogenetics 86: 33-38, 1992 

Instituto Juan March (Madrid)



15 

Organizatio n and f unction of nove l gen es and the ir p ro tein 
product s 1n the MHC class I II r e gion 

R Dun can Campbel l, MRC Immunochemistry Unit , Department of Bioch e mi stry , 
Oxford , OX l 3QU , UK. 

The human Majar Histocompatibil ity Complex (MHC) situated on the 
shor t arm of chromosome 6 contains more than 80 genes in about 4000k b of 
DNA . The organisation of the genes has been determined by a combination 
of d i fferent te chn iques including pul sed field ge l electrophores i s 
(PFGE), cosmid walking , and Yeast Artificial Ch romosome (YAC) . cloning. 
Ge nes e ncoding the polymorphic class I and class II MHC antigens are 
located in 2000kb and 850kb segments of DNA a t the telomeric a nd 
cen tromeric ends of the MHC, re s pectively. The c lass I and class I I 
multi - gene familie s are separated by - 1100kb o f DNA whi c h is gene ra lly 
t e rmed the class II I region. Tnis segment of DNA c on tain s genes that 
encode proteins of dive rse function such as the complement protei ns C2, 
Factor B, C4A a nd C4B , the microsomal enzyme ste r o i d 21-hydroxylase, the 

cytokines TNF a and p and three members o f the maja r heat shock protein 

HSP 70 family . Ho wever , our detailed characterisation of cloned genomic 
DNA in the class III region eztending -900kb from HLA-B has · l ed to the 
discovery of 25 novel genes that encode proteins of unknown f unct i on . 
Novel genes have also been found i n the c lass II regi o n. Two of these 
encode proteins thought to be invo l ved in transporting peptide antige ns 
from the cytop l asm to newl y synthesised MHC class I mo l ecu l es in the 
endoplasm i c re t iculum, whil e two o thers appear t o encode proteins which 
are components of the proteosome, i l lu strat ing the strong possibilit y 
t hat ot he r nove l genes i n the MH C cou ld also e ncode functions 
influencing a ntigen prese nt ation by MHC c l ass I and c l ass II molecules , 
a nd/or othe r aspects of the immune r esponse. In t hi s regard the 
identificat i on of HSP7 0 ge nes in the c l ass I II r eg i on is particularl y 
interesting as there are a number of potential roles for HSP70 in 
an tigen processing and presentation. The me mbers of the HSP70 prot ein 
fa mily are known to be involved in the folding , unfo 1ding and 
translocat ion of proteins within the cell , and ha ve been shown t o bind a 
va ri ety of synthetic peptides. The ro l e of peptide binding has been 
at tribut ed toa 170 amino ~c i d region ad j ace nt to the ATPase domain . It 
has recently been proposed that the protei n /pept ide b ind i ng domain of 
the HSP70 protei ns ha s a structure highly relat ed to that of the HLA 
class I peptide binding domain. We have identi f i ed a polymorphic amino 
aci d i n t he HSP70-Hom prote in (res idue 493) wh ich lies wi thin the HSP70 
peptide-b inding domain. In the struct ural model for thi s regio n 
proposed by Rippmann and co-workers (EMBO J., 1 991, lQ, 1053) amino acid 

493 l ies o n one of th e P-sheets which form the floor of the peptide

binding groove. The corresponding posi tio n i n the HLA- A structure 
(re s i d u e 114) i s highly polymorphic a nd lies in one o f the six pockets 
of the peptide-binding groove which dete rmine b i nding specificity . If 
the HSP 70 structura l mode l i s co rrect a Met ~ Thr substitution at amino 
ac id 493 cou ld be associated with variation in the peptide-binding 
specificity of HSP 70-Hom between haplotypes. 

Nucleotide sequence dat a has been determined f or cONA and/or 
genomic c l o nes for a large number of the novel clas s III region gene s 
and the sequences of their predicted protein products h ave been derived. 

Instituto Juan March (Madrid)
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One way of identifying the possible functions of the se proteins is to 
compare their amino acid sequences with the sequences in the National 
Biomedical Research Foundation (NBRF) and SwissProt protein databases. 
In rare cases significant sequence similarity with a known protein over 
the entire length of a novel protein will suggest the function of the 
latter. More usually r estr icted segments of sequence similarity with 
other proteins might indicate properties of the nove l protein, eg. 
metal-binding capabilities, but will not necessarily define it s precise 
function. G7a encodes a 1265 amino acid protein which shows 48.3 % 
identity with the valyl tRNA synthetase of Saccharomyces cerevisiae over 
1043 amino acids. In addition the G7a protein contains two short 
consensus sequences characteristi c of class I tRNA synthetases and has a 
predicted molecular mass (-140.5 kD) clo s e to that of other mammalian 
valyl tRNA synthetases. Taken t ogether this is strong evidence that G7a 
encodes the human valyl tRNA synthetase. The protein products of the 
BAT2 and BAT3 genes are both proline rich and contain novel repetitive 
elements, but they do not appear to be me mbers of any known protein 
family. However, the proteins encoded by sorne of the other novel class 
III region genes do show sequence similarity with known proteins over 
restricted regions. G1 encodes a 10 kDa protein which contai n s two 
potential "EF-hand'' type calcium-binding domains in its N-terminal half. 
The expression of G1 appears to be restricted to T cells , monocytes and 
macrophages suggesting that it may ha ve a role i n the activation of 
these cell type s . The 110 kDa protein product of the G9a gene has been 
shown to contain six contiguous copies of a 33 amino acid repeat first 
identified in the Notch protein of Drosophila . Repeats of this type are 
found in a large number of proteins and may have a role in prote in
protein interactions within the cell. The predicted protein product of 
G13 shows sign ificant sequence similarity with the leucine zipper family 
of transcription fact o r s suggesting that it may have a role in the 
regulation of transcription . Partial sequence of the Opposite Strand 
Gene (OSG) has indicated that thi s gene encodes a pro t e in which contains 
a number of repeats corresponding to the consensus for the 90 amino acid 
fibronectin type III repeat. The type III repeats i n OSG are most 
similar to those in tenascin - an extrace llular matriz glycoprotein. 

In order to verify the existence of expressed protein products 
corresponding to the novel class III region genes it is necessary to 
raise antibodies against these proteins for use in Western b1ot · 
analysis. The approach used in our laboratory has been to express a ll 
or part of the predicted protein product of a novel gene in E. coli. To 
acheive this, cDNA sequences are c loned ir.to a pGEX express ior. vector 
and expressed in vitro as fusion proteins with the carboxy terminal 26 
kDa of the glutathione S-transferase from S. japonicum. The whole 
fusion protein or the purified polypeptide corresponding to the gene of 
interest is then used as an antigen to raise polyclonal antibodies in 
rabbits. Antibodies have been raised against the protein products of G1 
and G9a and in Western blot analysis these cross-react specifically with 
proteins of the expected size. 
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lmmunogenetics of the Q and T regions of the murine MHC 

Lorraine Flaherty 
Wadsworth Center for Laboratories c.nd Research, Albany NY 

Class 1 genes are found in the K, D, O, T, and M regions of the mouse majar 
histocompatibility complex. While the exact number of class 1 genes encoded within 
the MHC varies between strains, the largest proportion are found in the O and T 

regions. The structural similarity of O and T region class 1 products to !hose of the K 

and D regions suggest that the O and T region class 1 molecules may be able to 
preser#peptides to cells bearing the appropriate receptors . However, unlike their K/0 

counterparts, class 1 genes of the O and T regions are relatively nonpolymorphic and 
display limited tissue distributions. The function of these genes is largely unknown. 
Recently, severa! pieces of information have indicated that sorne of these genes, 
especially ones in the T region, may be involved in antigen presentation or perhaps, 
thymic development. Moreover, genes influencing early embryonic development have 
been mapped in this vicinity . 

The O region has a variable number of class 1 genes Ten are known for the b 

haplotype. At least seven of these genes are transcriptionally active--02, 04, 06, 
07, 08, 09, 010. At leas! four of these genes have been shown to produce 
polypeptides. 07 and 09 are responsible for the expression of most of the Qa-2 
antigens detectable on the cell surface. They produce cell surface molecules which 
are anchored to the membrane by phosphatidylinositol. The 06 and 08 genes may 
also contribute to the leve! of Qa-2 antigen expressed on adult cells . Recen! 
transfection experiments involving the 08 gene have. shown that 08 can be expressed 
as a cell surface molecule. Moreover, its expression responded to gamma interferon 
with increased levels of mRNA expression. Cell surface expression of a 08 product 
could also be detected by flow cytometric analysis with a Oa-2-specific monoclonal 
antibody. However, in contras! to 07 and 09, the 08 protein product was not 
sensitive to cleavage by phosphatidylinositol-phospholipase C. 

The T region of the murine MHC also has a variable number of class 1 genes. 
Because this region is less well defined than the O region, the exact number of class 1 

genes in any one strain is still unclear. The cell surface products of severa! of these 
genes have been defined. These include the TL (Thymus-leukemia) molecule, Qa-1, 
and T22. The TL molecule may be the most unique of the class 1 molecules both in 
sequence and tissue distribution. 

Because of various hints concerning the functional significance of these class 1 

genes, we have been investigating their tissue-specific expression during embryonic 
development. In particular, we have studied the RNA expression of most of the Q
region genes in the time period from 11 days gestation until birth . Most of these 
genes show the same pattern of expression; however, one 0-region gene shows a 
very unique pattern. This pattern is not only developmentally specific but also tissue
specific. The characteristics of this gene suggest that it may have functional 
importance in antigenic presentation. 
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HISTOCOMPA TIBILITY ANTIGEN STRUCTURE 

E-J- COLLINS 

Department of Biochemistry and Molecular Biology, Howard Hughes Medica! Institute, 
Harvard University, 7 Divinity Avenue, Cambridge, Massachusetts, 02138, USA 

The structures of three human class 1 histocompatibility antigens, HLA-A2, 

HLA-Aw68, and HLA-B27, have been determined by X-ray crystallography. In 

two cases, HLA-B27 and HLA-Aw68, the averaged image of a collection of 

bound endogenous peptides can now be interpreted at 2.1Á and 1.9Á, 

respectively. In one case, HLA-827, the collection is dominated by 9-mers with 

an arginine at peptide position 2. In the other case, HLA-Aw68, bound peptide 

appears to be held at their N and C-termini justas in HLA-827 (by a network of 

hydrogen bonds to conserved MHC residues), but the center of the bound 

peptides appear to take many alternate pathways and be at different lengths by 

bulging out in the middle. The structure of a single influenza virus peptide, Np 

91-99 bound to HLA-Aw68, has also been determined. It shows the same genera 

mode of binding as described above. That structure defines in atomic detail the 

antigenic surface constructed of MHC atoms and viral peptide atoms that is 

recognized by T-cell receptors responding toan influenza virus infection. 

A comparison of these data with structured data on the human class 11 

histocompatibility molecule, HLA-DRl, will be presented. 
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Conformational change in MHC class 1I rnolecules. 

Paul Travers 
Dept ofCrystállography 

Birkbeck College, London 

The structure of MHC molecules, as determinedby 'x-ray 
crystallography, is the structure of the mature, peptide asso~iated form of 
the molecule found at the cell surface. Hciwever, recent studies have 
shown that this mature conformation is dependent on the binding of 
peptide; peptide-free MHC molecules have a more open ccinformation. In 

the case of MHC dass II molecules, the mature, peptide assodated 
conformation has been termed "compact" while the open conformation ·is 
termed "floppy". The first step in the binding of a peptide toan MHC 
molecule is therefore the interaction of the peptide withthe ope.n or 
"floppy" conforrner, with a subsequent folding event yieldlng the final, 
"compact" conformation. It should be noted that the terms "compact" and 
"floppy" are not synonymous with peptide-associated and peptide-free, 
while all "compact" molecules have bound peptide, sorrie ''floppy" 
molecules may also have bound peptide but may not h·aveundergonethe 

transition to the "compact" state. 

The conformational mobility of MHC molecules is clearly an 
importan! feature of theír functíon. Our goal is to understand the what 
conformational changes take place in the MHC class II molecule and how 
this is related to peptide bindii1g. 

. . : 

While it is predicted that the MHC class II a and p chains will ha ve 
similar three dimensionalstructures, one striking differen~is the 
presence of a conserved disulphide bridge in dass Ir P 1 donhai~s (and the 
homologous class I a2 domains) and the lack of a similar disulphide in the 
class II (and class I) al domains. To ask whether the l<iCk óf an ·a chain 
disulphide bridge allows a degrée of segmenta! mobility .necessary for the 
function of the class II molecule, we ha ve introduced di~ulphide bridges 
into the DR a chain and assayed the folding and function of these 
mutants. While it is dear that sorne disulphide mutants ha ve: a ,profound . 
defect in peptide binding and presentation, these are alsÓ assodated with 
abnormal folding and are likely to result from conform~ ' tiC;n~l · distortions 

resulting from the introduction of the cysteine residues required to. fotm 
the disulphide bridge. Other disulphide bridged mutari.ts show nei.ther 
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conformational distortions nor obvious defects in furi.cÚon, suggesting 

that segmenta! mobility in the class II o: chains is not an important 

component of the conformational change in clas~ li molecu1es. 

Point mutants in the a. helical region of the DR0 chain, original! y 

introduced to map the "footprint" of the T cell receptor, have given sorne 

idea of the nature of the conformational changes that occur in the class IT 

molecule. These mutants fail to adopt the "compact" confo~mation and 

are only found in the "floppy" form. One of th.ese mutants,an alanine to 

glydne change at position 73, is particularly informative and indicates that 

part of the p chain a. helix is unfolded in the ''floppy'' state . . Such partial 

helix formation has been seen in folding intermediates of.other proteins. 

Other mutants point to interactions between the short a.helix and the 

floor of the groove as being important in stabilising the dass II molecule. 

We therefore propose a model for the binding of peptide in which the 

peptide stabilises an interaction with a short o: helical segrri.ent in the ~ 

chain, thus allowing the complete folding of the long o: heli~ . While not 

providing a complete description of the folding process, oux results begin 

to give a picture of the dynarnic behaviour of the class II m'olecule; 
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Clustering of Class I BLA Molecules in Liposome 
and Cell Hembranes 

Abhijit Chakrabarti, Janos Hatko, Noorul A. Rahman*, B. 
George Barisas* and Michael Edidin. Biology Department, The 
Johns Hopkins University, Baltimore, MD and * Oepartment of 
Chemistry, Colorado State University, Fort Collins, CO, USA 

We are interested in the lateral organization of class I MHC 
molecules in membranes and the implications of this organization 
for antigen presentation. We study lateral organization of human 
class I ~lecules in synthetic lipid bilayers, liposome membranes 
and in intact cell plasma membranes. Data from both liposomes 
and cells show that a substantial fraction of class I MHC 
molecules is self-associated, clustered. 

Purified HLA-A2 molecules self-associate, cluster, when 
reconstituted into dimyristoylphosphatidylcholine, DMPC or 
azolectin liposomes at low surface concentrations (Lipid:protein 
4,000:1). Clusters are reported by three different biophysical 
parameters: the lateral diffusion coefficent of 
fluorescein-conjugated HLA-A2 molecules, the extent of 
fluorescence resonance energy transfer between Fluorescein-HLA-A2 
and Rhodamine-HLA-A2 molecules, and the rotational diffusion 
coefficient of Erythrosin-HLA-A2 molecules. A comparison of the 
lateral and rotational diffusion coefficients suggests that in 
DMPC liposomas the clusters consist of 5-7 molecules. 

The c l usters of HLA molecules appear to increase in size with 
time (days) after reconstitution. size increases (reduction in 
lateral diffusion coefficient) are not detected if liposomes are 
stored in solution containing 12 uM beta-2 microglobulin. once 
formed, clusters are at least partly dispersed by incubating 
HLA/liposomes in 2 uM beta-2 microglobulin for 1-4 hours. 
Adddition of peptides known to be bound by HLA-A2 does not affect 
clustering and does not enhance the effect of beta-2 
microglobulin. 

Resonance energy techniques also detect clusters of class I 
HLA molecules in the surface membranes of activated normal B- and 
T-cells, on B-lymphoblasts (JY, LCL721 and IM-9) and on a 
transformed fibroblast line VA-2. There is no clustering of class 
I HLA molecules detectable on resting B- or T-cells on CEM 
T-lymphoblasts or on normal skin fibroblasts. These data 
correlata perfectly with the expression of 
beta-2-microqlobulin-free class I heavy cbains on the cel l 
surface. The HLA clusters may include one or more molecul es 
lackinq beta-2-microglobulin, but they are detectable with 
conformation-sensitive mAb such as W6/32. 

Exoqenous beta-2 microqlobulin appears to dissociate class I 
HLA clusters in cell membranes as it does in liposomes. We are 
presently investiqatinq the effects of this dissociation on 
antiqen presentation by target cells. 
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Intracellular transport pathways for antigen presentation by Class 1 and Class 11 
histocompatibility molecules 

F.M. Brodsky, S. Husbands, L. Guagliardi and B. Koppelman 
University of California, School of Pharmacy 
San Francisco, California, 94143, U.S.A. 

Peptides bound to class 1 histocompatibility molecules are recognized by T cell 
receptors during the development of an anti-viral immune response. T cells respond to 
peptides derived from cytoplasmic viral proteins as weU as viral membrane proteins, 
indicating that a pathway ex.ists for the transport of proteins or peptides from the 
cytosol into the compartment(s) where the MHC class 1 molecules assemble. To 
investigate this pathway, we have developed an in vitro assay for the transport of 
peptides into micro soma! vesicles. We have observed transport of peptides derived 
from antigenic HIV gag and influenza B nucleoprotein sequences, but transport of a 
third randomly selected peptide was not detected, suggesting specificity of the transport 
process. We were notable to demonstrate A TP-dependence of this peptide transport 
process usin g apyrase and an A TPase inhibitor. This result was unexpected in light of 
the recent identification of MHC-linked genes with homology to "A TP-binding 
cassette" transporters. that ha ve been proposed to mediate peptide transpon. Funher 
experiments analyzing the import of peptides into microsomes will be discussed. 

Class 11 molecules can present peptides from endocytosed antigen as well as endogenous 
antigen. To determine whether intracellular trafficking and the associated invariant chain 
could be responsible for the versatility of peptide binding displayed by Class II 
histocompatibility molecules, their intracellular location was mapped by imrnunoelectron 
microscopy. Endocytic compartrnents were labeled by uptake of a variety of ligands, 
including internalized immunoglobulin, representing the pathway of antigen uptake. 
Class II molecules associated with invariant chain, en route to the cell surface were 
ob s er~ed to intersect both early and late endocytic compartments in the antigen uptake 
pathway and the transferrin receptor uptake pathway. Proteolytic enzymes Cathepsin B 
and Cathepsin D colocalized in these compartrnents, along with mature Class II 
molecules, but higher levels of protease were detected foUowing uptake of 
imrnunoglobulin compared to uptake of transferrin receptor. Since very little mature 
Class ll is internalized by these cells, the endosomal mature Class II is probably 
generated by dissociation of invariant chain, which requires activity of proteases 
Cathepsin B and D. The presence of mature Class II molecules in both early and late 
endocytic compartments indicares that dissociation of invariant chain could occur 
throughout the endocytic pathway. This maturation is most likely accompanied by 
peptide binding, as associated invariant chain obscures the peptide binding si te, 
suggesting a mechanism by which Class II molecules can bind peptides generated in 
severa! different endocytic compartrnents. The late endocytic compartrnents are more 
degradative so most antigenic fragments are likely to be generated and bound in late 
endocytic compartments. Funhermore, it is expected that most Class II molecules will 
mature (dissociate from the invariant chain) late in the endocytic pathway. Class 1 
molecules were not observed in early or late endocytic compartments, suggesting that a 
trafficking pathway specific to invariant chain-associated Class 11 molecules contributes 
to their antigen presenting function . 
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Co-1oca1ization of Mo1ecu1es Invo1ved in Antigen Processing 
and Presentation in an Ear1y Endocytic Compartment. 
L.E. Guag11iardi; B. Koppe1man 1 J.S. B1UID 1 M.S. Marks 1 
P. Cresswe11 1 and F.M. Brodsky. Nature 343 1 133-139 
{1990). 

The Ce11 Bio1ogy of Antigen Processing and Presentation. 
F.M. Brodsky and L . Guag1iardi. Annu Rev. Immunol. 
91707-744 (1991). 

Evidence For Peptide Transport Across Microsorna1 Membranes. 
B. Koppe1man, D. L. Zimmerman 1 P. Wa1 ter 1 and F. M. 
Brodsky 1 Proc. Natl. Acad. Sci. USA 89 1 3208-3212 
{1992). 

Antigen Processing and Presentation; C1ose Encounters in the 
Endocytic Pathway. F.M. Brodsky. Trends in Cell 
Biol.2, 109-115 (1992). 
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Characterization of the MHC Class 11 Processing Defect in T2 Cells 

Peter Cresswell, Ph.D., Howard Hughes Medica! lnstitute, Yale University School of 
Medicine, 310 Cedar Street, New Haven, CT 06510 

T2 is a cell line with a large homozygous deletion of the class 11 region of the 
HLA complex resulting in a well-characterized defect in class 1-restricted antigen 
processing. Using transfectants of T2 expressing HLA-DR3 and 1-Ak we ha ve shown 
that the cell line is also defective in class 11-restricted antigen processing. Class 11 
molecules purified from T2 transfectants, and from similar mutants isolated by 
Pious and co-workers, lack the stability in SDS characteristic of those isolated from 
wild-type cells, leading to the suggestion that they might be devoid of associated 

peptides. We have now shown that a substantial proportion of HLA-DR3 a¡3 dimers 
isolated from T2 transfected with HLA-DR3 are associated with a nested set of 
invariant chain-derived peptides . These peptides can be replaced in vitro with 

known DR3-associated epitopic peptides to generate SDS-stable HLA-DR3 a¡3-dimers 
with very high efficiency. The implications of these findings for understanding the 
nature of the class 11-processing defect in T2 will be discussed. 

Instituto Juan March (Madrid)



32 

Role of Peptide Ligand in the Folding, lntracellular Transport 

and Surface Expression of Class 1 MHC Molecules 

T.H. Hansen', J .D. Smith 1
, J. Gorka·, 

N.B. Myers t, and Beatriz M. Carreno 1. 
1Department of Genetics and "The Howard Hughes Medica! 

lnstitute, Washington University School of Medicine, 
St . Lou is, Missouri, USA 

Present dogma suggest that nascent class 1 molecules bind peptides in the 
endoplasmic reticulum and that this initial interaction promotes their ~novo folding . 
Furthermore, stability of class 1 structure and intracellular transport is thought to 
depend upon peptide occupancy. Thus it is attractive to hypothesize that peptide is 
locked into nascent class 1 molecules for functional presentation of only intracellular 
peptide ligands. In spite of severa! studies that support this dogma, apparent 
inconsistencies ha ve al so be en noted . To critically assess the role of peptide in de 
novo class 1 folding, intracellular transport and cell surface expression, we have 
compared the alternative antigenic forms of the L• class 1 molecule of the mouse . 
Whereas , folded L d molecules are detected by any of a number of conformation
dependent mAbs, non-folded L • molecules are uniquely detected by mAb 64-3-7 . The 
define precise markers for class 1 folding we have mapped relevant serological 
epitopes, using site-specific mutants . The folding of nascent class 1 molecules was 
monitored in celllysates using wild-type Ld molecules as well as variant Ld molecules . 
lntracellular transport of folded versus non-folded class 1 molecules was compared in 
pulse-chase experiments . Surface interaction of peptide w ith class 1 was monitored 
directly, using labeled-peptides or indirectly, using peptide-induced stability of class 
1 turnover. Our findings support the model that peptide must interact with nascent 
class 1 molecules ata critica! time to induce folding . Surprisingly , we found severa! 
examples of misfolded mouse and human class 1 molecules that are transported and 
stably expressed at the cell surface . The functional consequences of these findings 
will be discussed . 

Lie, W-R., Myers, N.B., !iorka, J., Rubocki, R.J., connolly, J.M., 
and B<msen, T.a:. Pcptide ligand-induced conformation and surface 
expression of Ld class r MHC molecules. Nat~ 3441439-441, ~990. 

Lie, W-R., Myers, N.B., Connolly, J.M., Gorka, J., Lee, D.R., and 
a:anse.n, T.B. The specitic binding of peptide l.iqand te L4 class I 
MHC molaculas dat~rm.ines their antigenic structura. J. !!zp. Med. 
173:449-459, 1991. . 

Smith, J.D., Li.a, 1-f.-R., Gorka, J., Kindle, C. S •. , an~ Bansen, T.H. 
Disparate i.nteraction of pe.ptioo ligand with nascent and surface 
clac• I MHC molecules: Comparisons ot peptide bind.ing" to 
al.te.rrult.ive fOl:'liiS of L4 in cell lyaates versus the. e.ll ~urtaca. J. 
BXp. Med., 175:191-202, 1992. . 

Smith, J:n., Lie, w.-R., Gorka, J., Myars, N.B., and Hansen, T.H. 
Ex:tensive paptide ligand ·exchange by surface claasr J!IHC ·molecules 
indepe.nd.ent ot exogeneous fli!D-· Proc. Na ti. Acad. Sci •. USA 89:7767-
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Transport of peptide across the membrane of the endoplasmic reticulum. 
F. Lévy, and S. Kvist. Ludwig Institute for Cancer Research, Stockhol 8ranch, Box 60202, 
S-104 01 Stockholm, Sweden . 

Most nucleated cells are subjected to immune surveillance by T Iymphocytes. The T cell 
receptor recognizes peptides presented by MHC class 1 antigens at the surface of the target 

cells. Correctly assembled heterodimeric MHC class 1 proteins are transported through the 

cell to the surface and serve as carrier for cellular peptides . During infection, viral peptides 

will be associated with MHC class 1 antigens and recognized by T Iymphocytes, resulting in 
the elimination of the infected cells. 

Translation of HLA-827 mRNA in vitro, in the presence of human microsomal 
membranes, mimickimg the endoplasmic reticulum (ER), and peptide specific for HLA-827 

(NP384-394 of influenza A virus) , resulted in the formation of the trimeric complex (HLA
B27 heavy chain/¡'j2-microglobulin/peptide). By using a biotinylated version of the peptide, 
direct binding of the peptide to HLA-B27 antigens could be demonstrated . The assembly 

process required ATP. However, the translocation of peptide across the ER membrane did 

not require ATP, as binding ofbiotinylated peptide to BiP, an ER luminal protein, occurred 
after ATP depletion . Proteinase K treatment of the microsomes did not block peptide 
translocation . Thus ATP was required in the lumen of the ER for efficient assembly to occur. 
The microsomal membranes were found not to be leaky for small molecules , as equilibrium 
of the Ca-potential over the microsomal membrane drastically reduced the recovery of 
assembled HLA-827 antigens upon addition of the specific peptide. 

Microsomes prepared from Raji and TI cells showed similar levels of assembly, whereas 

assembly in T2 microsomes was 10-fold lower. This difference remained after the addition 
of exogenous peptide. The inefficient assembly in T2 microsomes was not due to impaired 
peptide translocation across the ER membrane, as no difference in peptide binding to BiP was 
found when compared with microsomes · from TI cells. Instead the defect seemed to reside 
in the lumen of the ER. 

These results have challenged the current view on how peptides are thought to cross the 
ER membrane. A model which could reconcile the results of the different experimental 
systems will be presented. 

l. Kvist S. , and Hamann U. Nature 348, 446-448 (1990). 

2. Lévy F., Gabathuler R., Larsson R., and Kvist S. Cell 67, 265-273 (1991). 

3. Lévy F., Larsson R., and K vist S. J. Cell Biol. 115, 959-970 (1991). 
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Antigen presentation by MHC class 1 in the absence of MHC encoded 

proteasome subunits 

Frank Momburg, Vianney Ortiz-Navarrete, Els Goulmy, Yvonne van de Wal, Hergen Spits· 

Simon J. Powis, Geoffrey W. Butcher, Jonathan C. Howard, Peter Walden and Günter J. 

Hiimroerling 

The MHC encodes not only the putative peptide transponers but also two subunits (LMP2 and 

LMP7) of the 20S proteasome. This observation raised the possibility that the 20S proteasome 

is involved in the generation of MHC class I bincling peptides. Consistent with this assumption 

is the finding that sorne (but not all) of the proteasome subunits can be induced by IFN-y 

(including LMP2 and LMP7) and that preliminary evidence suggests a similar tissue 

distribution for LMP7 and MHC class l. In vitro digestion of ovalbumin with purified 

proteasomes resulted in a peptide fraction which could bind to Kb positivt. EL4 cells and 

sensitize them for recognition by an ovalbumin specific and Kb restricted T hybridoma. 

To analyze if the MHC encoded proteasome subunits are also essential for antigen presentation 

in vivo we utilized the T2 cells which have a Iarge homozygous deletion of most of the MHC 

class II region including the ABC transporters and LMP2 and LMP7. The T2 ce lis were 

transfected with the rat transporters T AP 1 and T AP2 (formerly mtp 1 and mtp2) . All 

transfections resulted in restoration of the surface expression of HLA-B5 and in a strong 

in crease of HLA-A2 expression. The T2(T AP 1 +2 ce lis (but not T2) could be !y sed by a CTL 

clone recognizing an A2 restricted minor H antigen. T2(TAPI+2 cells were also able after 

infection with influenza virus or V AC.M 1 to present the matrix derived peptide to matrix 

specific and A2 restricted CTL clones and lines. However, the respective kili appeared to be 

somewhat lower than the Iysis of infected TI cells, but it is not yet clear if this difference is 

significan t. 

These data demonstrate that the MHC encoded proteasome subunits are not essential for MHC 

class I surface expression and antigen presentation. It is possible that this presentation is 

suboptimal and that a complete proteasome would be more efficient, perhaps by displaying 

higher proteolytic activity, by generating more accurately the optimal peptides, or by other 

mechanisms. 
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Regulation of MHC Class 11 lnlracclluhu· Transporl, Folding, and Expression by 
lnvarianl Chain and Pcplidc 

Ronald Germai nl, Oddmund Bakke2, Elizabeth Bonneyl, Flora Castellinol , Laura Hendrixl, 
Corine Layetl, Austin Rinker, Jr.l, Paola Romagnoli 1, Scheherazade Sadegh-Nasseril, and 

Jonathan Yewde!P 

lLymphocyte Biology Section, Laboratory of lmmunology, and 3Laboratory of Viral Diseases, 
National lnstitute of Allergy and lnfectious Diseases, National lnstitutes of Health, Bethesda, MD 
USA 20892 and 2 Department of Biology, Univ. of Oslo, 0316 Oslo, Norway 

The movement of MHC class 11 dimers from their site of initi al assembly in the 
endoplasmic reticulum (ER) to the endosomal pathway and finally to the cell surface involves a 
complex interplay betwee n the class 11 molecules and invariant chain (li). These interactions 
determine not only the physical movemt:n t of thc class 11 mokcules within the cell, but also the 
quality and quantity of aa1uired peptide and the loca tion at which this acquisition takes place. We 
have u sed immunochemical and immunocytologic analyses 10 invest igate various aspects of class 11 
biology using normal hematopoietic cells spontaneou sly expressing class 11 and Ji, and also 
transfections models that permit alterations in the amount and structure of the panicipating proteins. 

In virro analysis using purified MHC class 11 molccu les has shown that peptide plays an 
importan! role in the structure of thc class 11 dimer 1 Sadcgh-Nasseri, S. & Germain, R.N. Nature 
353, 167-70 ( 1991 )1. Low pH removal of pre-bound peptide from immunoaffinity purified class 
11 molecules caused these dimcrs LO lose thcir characteri sti c res istancc to dissociation in SDS

PAGE buffers when analyzed without s:unple hcating. lnclusion of appropriate peptide ligand in 
the low pli treatment buffer prior 10 neturalization led 10 prescrvation of the stable dimer structure, 
and use of labelled peptides showcd that uncler these conclitions, vt:ry rap id load ing of class 11 (1 112 
of 15 minutes) cou ld be achieved. This was in contrast 10 th ~ usual obst:rved L¡¡z of severa! hours. 
These data support a moclel in which class 11 pepticle binding in volves a structural transition that 

might be facilitated al low pli. Ongoing stud ies aimed at evaluating thc relationship between class 
JI dimer st ructure and the kinetic propenies of peptide-class 11 complexes 1 Sadegh-Nasseri, S. & 
McConnell , H.M. Nature 337, 274-6 ( ll)Hl)) 1. as well as thc mechani sms by which low pH 
accelerates formation of long-livecl cornplexes, will be discusscd. 

Similar transitions in strucwral stabi lit y can be observecl in living cells when newly 
synthesized , li-associated class 11 dimers are rompan;d to thosc present in the cell severa! hours 
after synthesis, or on the cell surfare IGcrmain, R.N. & lkndrix, L.R . Nature 353, 134-9 
(1991)] . This transition is inhibited by a varicty of agcn ts known 10 intcrfere with functional 
antigen presentation by class 11 moleculcs , suc h as chloroquine and leupepti n, and seems to reflect 
ata mínimum the capacity of these agent s to inliibit li dcgr:tclation and dissociation from class 11. 

Such Ii -associated class !1 docs not show evidcncc of associatcd peptide, consisten! with in vilro 

studies [Roche, P.A. & Cresswell, P. Nature 345,615-8 ( lYYO); Teyton, L., et al. Nature 348, 
39-44 (1990)] . The proportion of class 11 molecu les surviving for severa! hours in a cell or 
reaching the cell membrane is m;u·kedly altercd by addition of antigen to the medium. The increase 

in immunoprecipitable and surface expressed materia l comes from inhibition of intracellular 

degradation. Recen! work in an in vilro model of endosomal peptide loading has provided sorne 
insight into this effect. When pulse-Jabelled cell lysa tcs comaining AakA~k -1i complexes are 
exposed to low pli (5.0) for 15-30 minutes , most of thc li dissociates. lf no peptide is added, the 
class 1! becomes non-precipitable with a variety of antibodics, and can be found in sedimentable 
macroaggregates. lf HEL 46-61 peptide is included during the low pH treatment, much of the 
otherwise lost class 11 now can be immunoprccipitated and appc;u·s as stable compact dimers u pon 
SDS-PAGE. Thus, peptide binding prevents class 11 that is free of li from undergoing aggregation 
with itself and/or other proteins. We suggest that in the endosomal pathway, when Ji is cleaved 
and removed from class 11, the exposed molecules ha ve two possible fa tes: 1) to bind peptide, 

escape the endosomal companment, and move to the cell surface for T cell recognition, or 2) to 
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aggregate if no peptide is bound , promoting endosomal retention and movement to lysosomes for 
degradation. This provides an intracellula.r editing mechanism that results in the selective surface 
expression of loaded class 11 dimers, a process analogous 10 the p88 rctention of peptide-free class 
l molecules in the ER. This se lection appears to be based on the change in protein structure 
resulting from peptide binding, which interferes with the aggregation properties of the class 11 
molecules, as also observed in virro by Stern and Wiley [Cell 68, 465-77 (1992)]. 

In the early post-synthetic compartment, li acts as a chaperone for class JI [Layet, C. & 
Germain, R. N. Proc Natl Acad Sc i U S A 88,2346-50 (1991)]. preventing such aggregation and 
association with endogenous ER chaperones that would lead to retention . This effect appears to 
involve the lumenal region of li and possibly the tran smembrane region, but does not depend on 
the portion of the cytoplasmic tail that regulates movement to the endosomal pathway [Bakke, O. & 
Dobberstein , B. Cell 63, 707-1 6 ( 1990); Loueau, V., et al. Nature 348, 600-5 (1990)] . In 1he 
endosomal pathway, li plays an active role in modifying movement through the early endocytic 
compartment. In transfec ted COS ce li s, . li causes a marked en largement of early (transferrin 
accessible) endosomes, and retard s the movement of fluid phase and membrane material through 
this compartmenl en route to late endosomes. This function of li may be imponant in maximizing 
the likelihood that incoming anligen wi ll be processed into available peptides in the presence of 
adequate amounts of available class 11 binding si tes. Movement of class 11 to la ter compartments in 
the endocytic pathway is associaled with cleavage of Ii and such cleavage is essential for movement 
of dass 1I to the cell surface. Leupeptin inhibition of tem1inalli cleavage both prevents fom1ation 
of the stable dimers and results in trapping of class 11 inside the cell, a phenomenon that does not 
occur in cells expressing class JI without li or in the presence of Ii lack ing the portion of 1he 
cytoplasmic tail necessary for endosomal targetin g. Thus, c lass 11 movement within the endocytic 
pathway, and its acquisi1ion of peptide during this movemelll, is regulated by post-lranslational 
changes in Ii , events that themselves may be ac ti ve ly regulated in different cell types such as 
Langerhans cells, possibly as a conseq uence of the action of cytokines. 

Taken as a whol e, our stud ies indicate that class 11 molecules behave earl y after synthesis 
as improperly folded protein s requiring the action of invari ant cha in to protecl 1hem from 1he 
relenlion effecls of ER c haperones. This interac tion also markedly reduces the possibility of 
peptide acquisilion in this early compartme nt. Cla ss 11-li complexes leave 1he ER and move 
lhrough lhe Golgi lo lhe lrans-Golgi network , where a signa! in 1he cytoplasmic 1ail of Ii results in 
devialion from lhe expon route to the membrane and localization first in early endosomes. In lhis 
compartment, Ii affecls lhe rate o f tran spon, slowing down passage of the associated class 11 and 
al so of incoming antigen 10 provide beuer opponuni ties for r.;o-ordinate processing of 1he antigen 
and of Ii. Movemenllo la1er compartment s is accompan ied by cleavage of li, revealing 1he class II 
binding site. In a low pH e nvironmclll , such ' nakcd ' class 11 either capt ures peptide and 
undergoes a conformalio nal change, or aggregates because of its failurc to achieve a properly 
folded slale. The peptide-loaded dimers, when free of the retention propenics of lhe NH2-tenninal 
segment of Ii , move by an uncharacterized path way to thc cell membrane for presentation of 
peptide to T lymphocytes. This view of class 11 transpon, folding, and expression emphasizes the 
role of conformation change in the class 11 molecule in regulating its movement in both the early 
and late post-synthetic compartments, and the reciproca! relationship between Ii and peptide in 
controlling the change in confonnat ion required for class 11 expression at the cell surface. 
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Epitopes presented by HLA 88 

Sarah Rowland-Jones, Douglas Nixon, Frances Gotch, 
Julian Sutton, Paul Driscoll, Tony Willis 

and Andrew McMichael 

Molecular lmmunology Group 
lnstitute of Molecular Medicine 

John Radcliffe Hospital 
Oxford 

UK 

We have identified tour peptide epitopes, three in HIV gag and one in influenza nucleoprotein 
(NP) that are presented to cytotoxic T lymphocytes (CTL) by HLA 88. Comparisons between 
these epitopes and three published 83 restricted peptides revealed a common sequence motif 
of: 

3 5 8/9 
X X R/K X R/K X X - Ul. 

Nonamer or octamer peptides based on this motif were made and tested ; all sensitised targets 
efficiently at low concentrations . In addition, HLA 88 was purified from C1 R cells 
transfected with HLA 88 . Peptides were eluted and purified by reverse phase HPLC and the 
pool was sequenced; strong lysine signals were found at positions three and five. HLA 88 was 
modelled from the coordinates of HLA 827 (kindly provided by Dean Madden and Don Wiley); 
the 8 pocket, which in HLA A2 and 827 takes the side chain of the second amino acid in the 
peptide, was occluded by phenylalanine 67 and there was negative charge in the DIE poskets 
from aspartate 156 and in the floor from aspartate 9. Therefore the structure of the 88 
molecule was consisten! with the anchor residues that we identified. 

These findings have allowed us lo re-examine the epitopes in HIV gag, presented by HLA 88, 
where possible escape mutations were identified (Phillips et al, Nature 354, 453-459, 
1991 ). Those that were not recognised by any CTL had changes al position three, which 
suggests that binding to HLA 88 might be impaired. Another mutan! was changed at position 
two; this only affected recognition by sorne CTL clones, implying that this mutation alters 
interaction with the T cell receptor. 

Most HLA 88 positive individuals make a CTL response to the NP peptide 380-388, when 
challenged with influenza virus. However, one donar was found whose T cells did not 
respond, despite sharing an identical 88 molecule with a responder and making an HLA 
82702 restricted anti-influenza CTL response. Cells from this donar could present added 
peptide NP 380-388 to HLA 88 restricted CTL, but the cells were not recognised when 
infected wth influenza virus. This result implied an antigen processing polymorphism that 
affected presentation or delivery of this epitope, derived from influenza NP. Presentation of 
an overlapping epito¡:,e presented by HLA 827 was also affected, but there was normal 
presentation by HLA 88 of an epitope in HIV gag p17.3. Thus different epitopes may be 
differently affected by this putative polymorphism in antigen processing. 
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RECURRENT T CELL CROSSREA.CI'f\!TfY BETWl,"'E.t'l" HLA-B27 AND HLA.-DR2 

Daniel López, José A. Villadangos, Domingo F. Bar.bcr, and José A. López de Castro 

Fundación Jiménez Díaz and Coosejo Superior de Investigaciones Científicas 

HLA-B27- responder cells were stimulated in vitro wh.ith B"'2705+ lymphoblastoid cell 
lines and alloreactive CIL clones were obtained by lirni:ling clilurion. Of che CD3+ CD4- CD8+ 
BIA-B27-specific crL clones obtained, two of them, possessing the same TCR, crossreacted 
withBIA-DR2. Thefine specificity ofthese CfL was established with FII.A-B27 and HIA-DR2 
subtypes. They recognized the B~2701 to B'*'2706 subtypes, but only DR2Dw2. Lysi.s of PR2.,. 
target celli; was specifically mb.ibi:ted by anti-CD3, anti-dass JI and anti-DR monoclonal 
antrbodies, but not with an .anti-CDS annbody. The monoclonal na ture of che crossreaction wa.s 
established by the mutual inh.tbition of BLA-B27 and DR2DY.'2 celli in cold target competition 
experiments. 

A correlation between the fine spccificit:y oi thcsc CU dones :md rhe amino acid 
sequences of HLA-B27 and FII.A-DR2 subrypes revealed a shared srructural motíf between 
HLA-B27 and the DR2 B5"'0101 chain, that could be r~ponsible for rhe observed crossre.action. 
1bis motifwas contnbuted for by several residues lOC1ted in adj::cent B-strands, at the floor of 
the peptide binding site. The contnbution of two of these residucs, as weil as other 13-pleated 
sheet residues, to HLA-B27 allorecognition by the crossreactive crL clones W:1S directly 
demonstrated with site-directed mutants. These results strongly suggest that the dual reactiviry 
pattern reflects presentation of identical or strocnrrally relatcd peptides by HIA-B27 and HlA
DR2Dw2. As T-cell crossreactivity between EIA-B2í and Hl.A-DR2 was previously found in 
ceils from an unrelated individual (Aparicio et al. J. Exp. Med. 165:428, 1987) the results 
reportee! here are likely to re:flect an intrinsic property of HIA-B27, racher than the fortuitous 
finding of a rare clona!. reaction pattern.. We speculate o n. the potential implications of the.se 
results for the pathogeny of IDA-B27-associated spondyloa.rthropathie.s. 
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Disease associations with HLA genes in cHfferent ethnic qroups. 

Peter Stastny, Marcelo Fernandez-Vifia, Marie Cerna and Henry Siu. 

Department of Interna! Medicine, University of Texas Southwestern 
Medical Center, Dallas, Texas 75235, USA 

DNA typing has greatly facilitated the study of HLA alleles in 
samples shipped to our laboratory from distant locations while at 
the same time making it possible to determine the HLA class II 
al le les more complete! y and more accurately. We ha ve recently 
tested samples of rheumatoid arthritis (RA) patients from Ashkenazi 
and Non-Ashkenazi Israelí Jews and from Orientals residing in the 
North of China, we have assayed specimens of African-Arnerican 
diabetes patients and studied patients with juvenile arthritis from 
Czechoslovakia. Our previous studies were performed in North 
American caucasians living in Texas. The lessons learned f;:-om 
comparing HLA-associated susceptibility, and resistance factors for 
the same disease in different populations will be discussed. In the 
case of Israelí Jews, the prevalence of DRB1*0402, an allele not 
associated with susceptibility was found to explain the absence of 
association of DR4 with RA in this population. Interestingly, 
another allele, DRB1*0415 was found to be a strong risk factor for 
RA in Ashkenazi (RR=7) and Non-Ashkenazi (RR=lO) Jews . This allele 
was associated with RA in Orientals. Comparison of juvenile 
arthritis patients in Texas and in Czechoslovakia showed 
interesting similarities and differences. In the course of our 
studies we have observed that one disease (Pauciarticular Juvenile 
Arthritis) can be associated with alleles encoded by multiple HLA 
loci (liLA-A, HLA-DR, HLA-DP). These associations are independent 
and not based on linkage disequilibrium, but appear to be 
synergistic in determining susceptibility. The role of HLA 
associated protection has been of considerable interest, in 
particular in insulin-dependent diabetes (DR2, DQw6) and in endemic 
Brazilia'n Pemphigus Foliaceus (DQw2). While resistance for 
development of IDDM associated with DRB1*1501 in Caucasians has 
been thought to map to the allele DQB1*0602, in Blacks the 
comparable haplotype (DRB1*1503, DQB1*0602) did not protect. We 
have sequenced the first domain of the Black DQB1*0602 and found it 
to be identical to that reported in Caucasians. Another tapie to be 
discussed relates to mechanisms in HLA and disease associations. An 
attempt is being made to answer the question of whether the disease 
associated allele is also the main restriction determinant for the 
irnrnune response that causes the disease. Data will be presented 
regarding an analysis of T cell clones specific for cedar pollen 
antigen, a cornrnon cause of allergy in Texas. 
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HLA CLASS 11 SEQUENCE POLYMOAPHISMAND DISEASE SUSCEPTIBILITY 

H. Erlich, Human Genetics Dcpt., Roche Molecular Systems, Alameda, CA 

A variety of diseases, many but not all of lhem autoimmune, have been associated with DNA· 
delined alleles of the HLA class llloci. In principie, these associations could re:lect either llnkage 
disequilibrium of the HLA markers with other genes within the MHC or the polymorphic amino 
acid resldues of the HLA molecules could contribute lo disease susceptiblllty. Variation In the 
regulatory sequences, provided that it is in llnkage disequilibrium with the coding sequence 
polymorphism detected by serologic and molecular methods, could conceivably also account for 
the observad HLA-disease associatlons. These explanatlons need not be mutually exclusive. 
Also, the strong linkage disequilibrium that characterizes the HLA region makes it diflicult to 
ldentify which locus and allele (or combinations, see below) on a disease assoclated .. haplotype 
ls responslble lor the susceptibilily. One pattern ot disease associatlon, namely the increase of 
DA3 and DR7 among celiac disease (CD) patients. supports the notion lhat the HLA mol acules 
are directly involved in predisposition and do not simply serve as serve as genetic markers lor 
other loci that conler susceptlbility. The same DQ molecute (DQA 1'0501/0081'0201) is 
encoded in cis by DR3 haplotypes and in trans by DR11/7 heterozygotes. The increased 
frequency al DR3 among CD patients and, among Southern European patients, the lncroased 
lrequency ol DR11 among DR7+ patients suggesl that lh is particular DQ alpha·beta dimer, 
encoded either In cis or in trans is responsible lar the observed pattern ol DR assoclations with 
CD. In general, multiple alleles at an HLA locus, as well as multiple loe/ within the MHC can 
contribute lo susceptibillty. For example, pauciarticuiar juvenile rheumato/d arthritis is associated 
with the DPB1 allele, '0201, and wilh the DRB 1 alleles, '0801 and '1 101 (Re!. 1). 

This lectura will locus on the HLA associatlons with lnsulin·dependent diabetes mellitus 
{IDDM) and, in particular, on the analysis , using PCR/ oligonucleotide proba typing melhods, of 
Mexican·American lamilies (Rel. 2). Prevlous work had shown lhat DR3 and OR4 haplotypes 
were increased (susceptible) and DR2 was decreascd (protective) among Caucasian IDDM 
patients. In the Mexican-American population, whlch is ancestrally derlved lrom Nativa Amerlcans 
and Hispanic Caucasians, both DR3 and DR4 are incrcased and DR3/4 hctero;zygotes show 
!he hlghest risk, as in Caucasians. Most previous studles ol DR4 susceptibility have focused on 
the 0081'0302 allele; however, the role al the DR4 ·DRB1 subtypes in IDDM risk is revealed 
clearly in this populatlon, in part dueto the remarkable diversity (n=16 )of DR4 DR!DQ haplotypes 
among Mexican-Americans. Virtually al! the DR4+ patients carried the DQB1 '0302 allele (as did 
most DR4+ controls), but distinctions between high and low risk DR4 haplotypes could be made 
on the basls ot the DRB1 allele. For example, the DRB1'0405,DQB1'0302 and the 
DRB 1'0402,DQB 1'0302 haplotypes con ter a hlgh risk while the DRB 1'040B,DOB 1'0302 
haplotype confers a low risk. ORB 1'0405 and DRB 1'0408 differ only at position 57 (Ser vs. Asp). 
(lt should be noted that !he presence of Ser·57 alone does not predict high lOOM risk. This study 
also shOwed (see below) that the presence of DO·beta Asp-57 does not, as previously suggested, 
contar IDDM protection. For example, the DRB1'1402. DQB1'030t haplotype, deríved trom 
Natlve Americans, is highly protective; the DRBt '1602,DQB1 haplotype, also frequent in Nativa 
Americans and absent in Europeans, is neutral although these two haplotypes encode the same 
(Asp-57) DO alpha·beta dimer. These data suggest that the protection conferred by the 
DRB1'1402 haplotype cannot be encoded by the DOA1 and DQB1 loci. Based on these and 
prevlous observations, it appears likely that both DRB1 and DQB1 can contrlbute to susceptibility 
as well as resistance to IDDM. In this study ol Mexícan-Amerlcans, !hose haplotypes associated 
with tDDM were of European origin ('DRB1'0301, DRB1'0402, DRB1'0405) whlle the most 
strongly protective haplotype (DAB1'1402) was of Native American origin. 
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MHC ANTIGENS IN TUMORS. MECHANISMS OF ALTERATION AND BIOLOGICAL 
AMPLICATIONS. 

Teresa Cabrera, Ignacio Algarra, Matías Pérez, 
Francisco Ruiz-Cabello and Federico Garrido. 

Departamento de Analisi s Clínicos e Inmunología. 
Hospital Virgen de las Nieves. Universidad de Granada. 
Granada. Spain. 

It is well establis hed in experimental tumour systems that 
MHC class I and II alteration influences local tumour growth and 
metastasis . We have analyzed the H-2 typing of different clones of 
a chemically induced fibrosarcoma ( GR9) and demostrated their 
heterogeneity and influence on local growth and metastatic capacity . 
.1.11 huruans, a variable proportion of solid tumours completely losse 
MHC class I antigens ( HLA, A, B, e) . These tumours derive from 
epithelia that are positive for these molecules . In addition, 
locus or allelic losses have been described. We observed that an 
average of 15% of total losses can be detected in laryngeal, breas t , 
colon and cervica l carcinomas . In broncogenic carcinomas this 
figure reached 27%. Wh e n selective losses were added, the 
alterations in HLA expression increased from 5 to 10% . IEF analysi s 
was used to define locus or allelic-specific losses o n tumour 
cells, in comparison with EBV-transformed B-lymphocytes . With thi s 
method rhabdomyosarcoma and pancreatic tumour lines were analyzed . 
The a ssociation between low l evels of HLA expression and tumour 
aggressivenes is variable depending of the origin of the tumour. 
In laryngeal, lung and breas t carcinomas, HLA loss correlated with 
poor clinical course of the disease. 

In most cases, mechanisms involved in malignant transformation 
are not. directly tied to HLA expression, although sorne protooncogene 
activation systems have been associated with HLA expression . HLA 
under-expression correlated well with poorly differentated tumours 
of the lung, breast and larynx. The molecular defects underlying 
al tered HLA class I expression were vari able . Normal regulatory 
factors controlling HLA class I expression appeared to be affected, 
and a reduction in DNA-binding transcription factors was observed 
in HLA negati ve tumours. Al tered HLA expression in HLA negati ve 
colon tumours was due to a different defect ie, the absence of ~ 2 
microglobulin gene expression. 

F. Garrido.- MHC Molecules in Normal and Neoplastic Cells. 
Int. J. of Cancer. Supplement 6,1. 1991. 

M. Redondo, F. Ruiz-Cabello, A. Concha, T. Cabrera, M. Pérez-Ayala 
MR. Oliva, F. Garrido.- Altered HLA class I expression in NSCLC is 
independent of c-myc activation. 
Cancer Research 51, 2463-2468. 1991. 

F. Garrido, E. Klein.- MHC antigen expression I. Human Tumors. 
Seminars in Cancer Bíology. Saunders Scientific Publications.W.B. 
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Jan Klein, Colm O'hUigin, Felipe Figueroa, Vladimir Vincek and Dagmar Klein 
Max-Planck-Institut für Biologie, Germany 

DIFFERENT MODES OF MHC EVOLUTION IN TI-IE PRIMATES 

The human majar histocompatibility complex Mhc is a chromosomal segment, 
approximately 4 Mb long, which at least 84 genes Sorne of these genes code for the class 
I and class II molecules, while the remaining genes code for complement components, 
cytochrome P450, tumor necrosis factor, and many other, unrelated proteins. We will 
demonstrate on three examples DP, C4 -CYP21, and DRB) that different regions of the 
Mhc have different evolutionary histories . The organization of the DP region, which in 
humans contains 4 genes, was established in the ancestral Anthropoidea, or earlier, and 
has not changed since. The duplication that generated the two C4-CYP21 modules 
occurred in the ancestral Catarrhini, or earlier, but the region has been undergoing 
periodic homogenizations via unequal crossing-over, which make paralogous genes in the 
same species more similar to each other than orthologous genes of different species. The 
8 or 9 genes of the DRB region were also generated in the ancestral Catarrhini, but the 
regían has sin ce been subject to frequent rearrangements, which generated various DRB 
haplotypes Not only the alleles, but in part also the haplotype polymorphism is evolving 
trans-specifically. The DRB region of the Platyrrhini has a different origin from that of 
the Catarrhini. The picture emerging from these studies is that of stability in sorne 
regions of the Mhc and tremendous evolutionary instability in other regions. 

Klein , ,1.: 

Klein, .J., 

Kl e i n, J., 

Natura] lli':t:ory of t:he !'1ajnr His t:ncompatibi .Lity 
Comp.lex. WJl ey , Ne w York 191Hi . 
O'h~ ig in, C., Figueroa, F., Mayer , W.E., and 
Kl ~1 n D.: Di.fferent modes of !'1hc evolut. i.on in 
p~ · 1m~t~s. !'1n1. B.io .l F:vo], in press 1992. 
O 1-ll!lg l n, C., Kasahara, M., Vincek , v., 
~l eJ n, D., an? Figueroa, F.: Frozen haplotypes 
ln l'fh c evo lut1on. In Kleí n, J. and K.lein, D. 
( ~ d;.): !'1ol ec1Jlar F.vo1ution of the Majar 

H1.s~ocompatib i lit y Cnmp.Jex, pp . 261-286 . 
Sprlnger-Verlag, Heidelberg 1991 
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Class I MHC Genes In Primates 

Prof. PETER PARHAM 

Stanfo rd University 
California (USA) 

The structure and polyrnorphism of class I majar histocompatibility complex genes in 

humans and other primates wil be compared. In humans there eJcists 3 classical class I 

genes: HLA-A,B, and e, three non-<:lassical genes: HLA-E,F and G and various 

pseudogenes including HLA-H and J. Of these 1-l.LA-B and e are closely related as are 

HLA-A,G,H and J. Within this latter group of 1-l.LA-related loci, 1-l.LA-A is more closely 

related to HLA-H while HLA-J is closer to HLA-G. 

In the great apes, the chimpanzees and gorillas, the structures of class I genes appears 

similar to those of human. Homologues of HLA-A,B and e havc been found in both 

species and a homologue of HLA-F in the chimpanzee. In both human and chimpanzee, 

the F gene has an altered splicing pattern which results in the deletion of exon 7. 

Individual gorillas ha ve also been shown to express a gene with similarities to both 1-l.LA-

A or HLA-H. As yet,there is no information on the organization of the class I genes in 

a pes. 

In humans, alleles ofthe 1-l.LA-A locus form 5 families (A2/A3/A9/A10/Al9) which derive 

from 2 lineages: one comprising the A2,Al0 and A19 farnilies, the other the A3 and A9 

families. ehimpanzee A alleles al! derive from the same lineage as A3 and A9, whereas 

gorilla A alleles derive from the other lineage. Although certain pairs of ch.impanzee and 

human A alleles are very similar in sequence no class I allele that is identical in any two 

species has been found. Moreover, the differences always include functional residues of 

the peptide binding si te. Thus, it seerns that no single class I antigen-presenting specificity 

wh.ich was present in the common ancestor of humans and a pes has survived unchanged 

to this day. 
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HLA-B alleles are less easily ordered into families than those of the HLA-A locus 

assortment of short polymorphic motifs in the 5' part. Comparison within the human 

population suggest HLA-B has been evolving faster than l-ILA-A and this conclusion also 

emerges from comparison between the species. Although the data available are still 

limited. 

In the other great a pes and old world monkeys, homologues to many of the human MHC 

class 1 loci are present. HLA-A and -B-like cDNAs have been cloned from the 

orangutan, gibbon and rhesus monkey. The isolation of 3 HLA-B-like cONA from 

individual orangutan, gibbon and rhesus monkey has suggested this locus is duplicated 

in these species. The absence of HLA-C-like sequences from these species suggests 

alternatively that the 2 B-like loci might be orthologous to HLA-B and C. Additionally 

HLA-E and F homologues are also present in the rhesus monkey. 

In non-human primate species that have been separated from humans for longer periods 

of time, the simple concordance between human and non-human primate Joci breaks 

down. In the New World primate, the cotton top tamarin, the expresssed genes are more 

closely related to the HLA-G locus than they are to HLA-A,B or C loci. An 1-ILA-F-like 

locus is also present in the cotton-top tamarin. Attempts to isolate HLA-A, -B or -C-like 

genes from genomic DNA have failed in the cotton top tamarin suggesting they may 

have been deleted during the evo'!ution of the New World primates or were never 

present in this lineage. 
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E\'olutionary conscrvation or Mhc-pcplidc-Tcr intcraclions in primates 

R.E. Bontrop 

Many major histocompatibility complex (M he) class 11 polymorphisms predate speciation and are 

inherited in a trans-species mode of evo lution. Howcvcr, Mhc-DRB seq ucnces are generally species 

unique due to accumula ti on of gcncti c variation, mainly gcneratcd by point mutations or 

rccombination like evcnts. With rcgard to thc biological function M he class 11 rnolcculcs are involvcd 

in the presentation of proccssed antigcn segmcnts (pcptidcs) to T helpcr cells which rnay lead to 

antibody production. To exccutc thi s fun c ti on, M he molcculcs are cquipcd with a peptide binding 

si te. The Tcell receptor (Ter) on th e T hclpcr ccll rccognizcs peptidcs only in the context of self-Mhc 

structures, a phenomenon known as M he rcstriction. To study the relevance of inter-species M he 

variation among Mhc-DR mokculcs in primates we ha ve studied their capacity to bind cenain antigcn 

scgments. fkre we show rhat so rne HLA-DRB/*03 likc moleculcs in chimpanzees and rhcsu s 

monkeys can bind a ccnain cpirope derivcd from thc 65 kD heat shock protein of Mycobaccerium 

/cprae. Comparison of the Mh c~DR scqucnccs involvcd, allowcd to prcdict which sharcd amino acid 

residues are critica! for pcptidc binding, but dcmonstratcd a !so that somc variable ami no acid rcsid ucs 

did not interfere with binding. Thesc studies emphasi1.c that somc polymorphic contact res iducs 

(motifs) may have been conservcd in evolution for more th an 30 million years. Nexlto the binding 

assays, the antigen prcsentation capacity of thcsc 1/L!\-D/W/ *03 likc molcculcs in various primate 

species was studied. lt will be demo nstrated that somc Mhc-DRB 1*03 positive non-human prima te 

cells can present the 65 kD hcat shock derived peptidc 10 /JLA-DRB/*03 restricted human T cdls. 

Therefore, these studies demonstratc that not only thc pcptide binding ca pacity for some pcptidc M he 

combinations may havc becn conserved in evolution but al so that these structures can be successfully 

recognized by T cells from another spccics despite some interspccies variations. 

- R.E. Bontrop, D.G. Elferink, N. Otting, M. Jonkcr and R.R.P. de Yries . 
MHC class li restricted ant igen presentation across a spcc ies barrier: conserva !ion 
0f restriction deterininants in cvo lution 

J. Exp. Med. (1990) 172, 53-59. 
- R.E. Bontrop, L.A.M. Broos, K. Pham, R.M. Bakas, N. Otting and M. Jonker. 
The chimpanzee major hi stocompatibility complex class 11 DR subregion contains an 
unexpectedly high number of beta chain genes. 
Immunogenetics (1990) 32: 272-280. 

- N. Otting, M. Kenter, P. van Weeren, M.J. Jo nker and R. E. Bontrop. 
MhcDQB repenoire variation in hominoid and Old World primate species. 
J. Immunol. (1992) 149: 461 -470. 

-M. Kenter, N. Otting, J. Anholts, J. Leunissen, M .J. Jonker and R.E. Bontrop. 
Evo1utionary re1ationships among the primate Mhc-DQA/ and -DQA2 alleles. 
Immunogenetics (1992) 36:71-78. 

- N.P.M. Bakker, M.G.M. van Erck, N. Otting, N.M. Lardy, M.C. Noon, 
B.A. 't Han, M. Jonker and R.E. Bontrop. 
Resistance to collagen-induced arthritis in a non human primate species maps to the 
major histocompatibi1ity complex class 1 region. J. Ex p. Med. (1992) 175: 933-937. Instituto Juan March (Madrid)
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New HLA-B variants in South American Amerindians suggcst that tJ¡e MHC class I loci 
can evolve rapidly. 

David I. Watkins, Ph.D 
University of Wisconsin Regional Primate Research Ccuter 
1223 Capitol Court 
Madison, W1 53715 

The gene products of tbe human MHC class I Joci are bighly polymorphic in 
most populations studied. Comparison of chimpauzce HLA-A homologues and human 
HLA-A molecules suggests that the MHC class 1 loci evolve slowly. Indeed, it has been 
suggested that chimpanzees and humans have inberited alleles tha t are essentially 
unchanged from alleles preseot in their comruon ancestor. Data from slcin grafting and 
antibody studies in mice, however, would suggcst tbat gcneration of new allele ~ can 
actuaUy take place rather quickly. lo au attcrupt to addrcss tbis issuc in humans wc ha ve 
analyzed the MHC class I molecules of 1:\<¡o tnbes of Amcrindiaos in Nortb and South 
America. In analogous studies, the MHC :Ciass I ruoleculcs of anotber tbrce tribes of 
both North and South American Amerindians have also becn exan1incd. 

The Amerindians oí North and SoÓth America provide aod importan! 
opportunity to study the effects of selectidn on MHC class I genes over a short period 
cf ti¡¡¡,; i.i. .s pvpulatioo witb a limitcd nu¡j¡bcr of MHC class I allclcs. Evidcncc suggcsts 
that the Americas were colooized ooly 16.

1

'0 00-40,000 years ago by Palco-lndiaus who 
crossed the Bering land bridge. Since sero ogical aoalysis deruonstrates that these 
Amerindians express ooly a small number of alleles at tbeir HLA -A, -B and -C loci, it is 
likely that there were only a limited num!j.cr of MHC class 1 allcles present in ilie 
founding population. 

The Waorani are one oí the most isolated of these Souili American tribes and 
are unlikely to have any admixture of EurE' pean MHC class l alleles. This proto
agricultural tribe which now numbers app -oximately 600 individuals, appears to be 
highly inbred and quite distinct, boili gene ·cally and linguistically, from other South 
American tribes. cONA cloning and sequ e~ cing revcaled that four oí the Waoraoi 
HLA-B alleles were new functional variaol;. The HLA-A and -C alleles of ilie Waorani, 
on the other hand, were unremarkable an4 ilic majority of iliese alleles had been 
previously described in oilier caucasian ano oriental populatious. Very similar data were 
obtained from an analysis oí ilie MHC clah I moleculcs of two tribes of Brazilian 
Amerindians. The HLA-A and -C alleles ~ ere familiar, whereas six of seveo of the 
HLA-B alleles were novel. Surprisingly, oo1y one of thcsc novel Brazilian HLA-B alleles 
were found in ilie Waorani. Furthermorc, ·¡¡.ll of ilic ncw Soutb American HLA-B alleles 
could be accounted for by intralocus recoclbination between allelcs preseot in the 
Amerindians. · 

To determine wheilier iliese new Hr.:-B variants arose in South America or 
whether they were actually rare o.riental v · ·ants, ilie MHC class I alleles of two tribes 
of North American Amenndians were the examined. Both ilie Zuni and the Pima, like 
the Waorani, Kaingang and Guaraní were : ~rived from the founding Paleo-Indians. 
However, unlike the South American Ame · dians no new HLA-A, -B or ·C functional 
variants were isolated from these two tnbe of Norili American Amerindiaris. lbus it is 
possible that sorne of the MHC class I div4frsity seen in the Souili American 
Amerindians m.ight have taken place after tJ¡e arrival of the Paleo-Indians in Souili 
America. This would imply that the MHC class I loci can evolve much more rapidly 
than was previously estimated. 

l. Howard, J. Fast Forward In the MHC. Nature 357:284-285, 1992. 

2. Belich, M.P., Madrigal, J.A., Hildebrand, W.H., Zenunour, J.,W~, I(C., Luz 
R., Petzl·Erler, M.L, & Parham, P. Unusual HLA·B alleles in tWo trlbes of Brazilian 
IndiaN. Nature 357: 326-329, 1992. 

3. Watkins, D.l., McAdam, S.N., Llu, X., Strang, C.R., Milford, E. L., ~vine, C.G., 
Garber, T.L., Dogon, A.L., Lord, C.I., Ghim, S.H., Troup, G.M.,"'Hughea; Á..L., & 
Letvin. N.L. New recombinl.nt HU-B alleles in a tribe of South Aine.rié'an 
Amerindian& indicate rapid evolution of MHC class I loci. Naturt 357~3, 1992. Instituto Juan March (Madrid)
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Pers¡x.'Ctives 

The meeting was successful in discussing the most topic and interesting questions 
in MHC research. 

It was established that class I antigens presentation pathway was not as clear as 
the class II one; new HLA class I crystals were shown with little variations to the 
previously descnbed ones; the HLA and disease relationship examples were as obscure 
as ever, as far as mechanisms are concerned and sorne interesting evolutionary 
consequences from different MHC regions were put forward 

From the presented data and the respective discussions, it is deduced that the 
following MHC related questions should be addressed in tbe near future: 

1.- To clarify the class I MHC antigens metabolism in relation to peptide 
presentation. 

2.- To actually show that class II molecule crystals are concordant with the 
postulated theoretical models. 

3.- To discover which are the mechanism of HlA and disease association, 
since little or no advance has been achieved in the last 20 years. Probably 
to reach tbis aim, an intermediate fundamental discovery or/and change of 
research strategy is needed. 

4.- To further analyze the particular .MHC allelic protein interaction with 
peptides. 

5.- To exhaustively identify the endogenous peptides. 

6.- To explain alloreactivity. 

7.- To find a function to all new MHC gene products which are being 
discovcred. 

8.- To complete the MHC evolutive puzzle. 

9.- To sort out at which Jevel MHC compatibility in clinical transplantation 
must be done (natural policlonal ant:Jbodies, monoclonal antibodies, DNA 
alleles ). · 

Antonio Arnaiz Villena 
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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 Lectura Coursa on the Polymarase 
Chain Raaction. 
Organizad 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. 
Organizad 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. L.eao, L. A. Okorokov, A. 
Peña, J. Ramos, A. Rodríguez-Navarro, 
W. A. Scheffers and J. M. Thevelein 

265 Workshop on Adhesion Receptora in 
the lmmuna System. 
Organizad by T. A. Springer and F. Sán
chez-Madrid. Lectures by S. J. Burakoff, 
A. L. Corbi-López, C. Figdor, B. Furie, J. 
C. Gutiérrez-Ramos, A. Hamann, N. Hogg, 
L. Lasky, R. R. Lobb, J. A. López de Cas
tro, B . .Malissen, P. Moingeon, K. Okumu
ra, J. C. Paulson, F. Sánchez-Madrid, S. 
Shaw, T. A. Springer, T. F. Tedder andA. 
F. Williams. 

266 Workshop on lnnovations on Protea
ses and their lnhibitors: Fundamental 
and Applied Aspects. 
Organizad by F. X. Avilés. Lectures by T. 
L. Blundell, W. Bode, P. Carbonero, R. 
W.Carrell , C. S. Craik, T. E. Creighton , E. 
W. Davie, L. D. Fricker, H. Fritz, R. Huber, 
J. Kenny, H. Neurath, A. Puigserver, C. 
A. Ryan, J. J. Sánchez-Serrano, S. Shal
tiel , R. L. Stevens, K. Suzuki, V. Turk, J. 
Vendrell and K. Wüthrich. 

267 Workshop on Role of Glycosyi-Phos
phatidylinositol in Cell Signalling. 
Organized by J. M. Mato and J. Larner. 
Lectures by M. V. Chao, R. V. Farese, J. 
E. Felíu, G. N. Gaulton, H. U. Haring, C. 
Jacquemin, J. Lamer, M. G. Low, M. Mar
tín Lomas, J. M. Mato, E. Rodríguez
Boulan, G. Romero, G. Rougon, A. R. 
Saltiel, P. Stralfors and l. Varela-Nieto. 

268 Workshop on Salt Tolerance in Mi
croorganisms and Plants: Physiological 
and Molecular Aspects. 
Organizad by R. Serrano and J. A. Pintor-
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Toro. Lectures by L. Adler, E. Blumwald, 
V. Conejero, W. Epstein, R. F. Gaber, P. 
M. Hasegawa, C. F. Higgins, C. J. Lamb, 
A. Lauchli, U. Lüttge, E. Padan, M. Pages, 
U. Pick, J. A. Pintor-Toro, R. S. Quatrano, 
L. Reinhold, A. Rodríguez-Navarro, R. 
Serrano and R. G. Wyn Jones. 

269 Workshop on Neural Control of Move
ment in Vertebrates. 

Texts published by the 

Organized by R. Baker and J. M. Delgado
García. Lectures by C. Acuña, R. Baker, 
A. H. Bass, A. Berthoz, A. L. Bianchi, J. 
R. Bloedel, W. Buño, R. E. Burke, R. Ca
miniti, G. Cheron, J. M. Delgado-Garcia, 
E. E. Fetz, R. Gallego, S. Grillner, D. Guit
ton, S. M. Highstein, F. Mora, F. J. Rubia 
Vila, Y. Shinoda, M. Steriade and P. L. 
Strick. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors Tell 
the Brain? 
Organized by C. Belmonte and F. Cerveró. 
Lectures by C.· Belmonte, G. J. Bénnet, J. 
N. Campbell , F. Cerveró, A. W. Duggan, J. 
Gallar, H. O. Handwerker, M. Koltzenburg, 
R. H. LaMotte, R. A. Meyer, J. Ochoa, E. 
R. Perl , H. P. Rang , P. W. Reeh, H. G. 
Schaible, R. F. Schmidt, J. Szolcsányi , E. 
Torebjork and W. D. Willis Jr. 

2 Workshop on DNA Structure and Pro
tein Recognition. 
Organized by A. Klug and J. A. Subirana. 
Lectures by F. Azorín , D. M. Crothers, R. 
E. Dickerson , M. D. Frank-Kamenetski i, C. 
W. Hilbers, R. Kaptein, D. Moras, D. Rho
des, W. Saenger, M. Salas, P. B. Sigler, L. 
Kohlstaedt, J. A. Subirana, D. Suck, A. 
Travers and J. C. Wang. 

3 Leéture Course on Palaeobiology: Pre
paring for the Twenty-First Century. 
Organized by F. Alvarez and S. Conway 
Morris. Lectures by F. Alvarez, S. Conway 
Morris, B. Runnegar, A. Seilacher and R. 
A. Spicer. 

4 Workshop on The Past and the Future 
of Zea Mays. 
Organized by B. Burr, L. Herrera-Estrella 
and P. Puigdoménech. Lectures by P. 
Arruda, J. L. Bennetzen, . S. P. Briggs, B. 
Burr, J. Doebley, H. K. Dooner, M. Fromm, 
G. Gavazzi, C. Giqot, S. Hake, L. Herrera-

Estrella, D. A. Hoisington, J. Kermicle, M. 
Motto, T. Nelson, G. Neuhaus, P. Puigdo
ménech, H. Saedler, V. Szabo and A. Viotti. 
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The Centre for International Meetings on Biology 
has been created within the 

Instituto Juan March de Estudios e Investigaciones, 
a prívate foundation which complements the work 

of the Fundación Juan March (established in 1955) 
as an entity specialized in scientific activities 

in general. 

The Centre's initiatives stem from the Plan 
for lnternational Meetings on Biology, 

supported by the Fundación Juan March. 
A total of 30 meetings and 3 Juan March Lecture 
Cycles, all dealing with a wide range of subjects 

of biological interest , were organized between 
1989 and 1991 within the scope of this Plan . 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Lecture 

and Experimental Courses, Workshops, Seminars, 
Symposia and the Juan March Lectures on Biology. 
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Th e lectures summarized in this publication 

were presented by their authors at a workshop 

held on the 21st through the 22n(l of September, 

1992, at the In stituto Juan March. 

Al! published articles are exact 

reproductions of author's text. 

There is a limired edition of 400 copies 

of this volume, available f ree of charge. 


