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In recent years it has become clear that specific recognition of MHC class 1 molecules on 

target cells may repress NK cell functions . Accordingly, cytotoxicity may take place when target 

cells lose MHC class 1 expression, when NK cells lack the appropriate inhibitory receptors or, 

alternatively, if changes in the structure of the MHC/peptide complex impair recognition. This 

currently accepted model implies the existence of other receptors and ligands capable of triggering 

effector functions (cytolysis) ; thus, NK cells are subjected toa subtle balance between activatory 

and inhibitory signals . A number of cell surface molecules potentially involved in NK cell 

recognition mechanisms have been identified in humans and rodents . M u !tiple combinations of these 

receptors may be co-expressed by individual NK clones/subsets . Surprisingly, the inhibitory 

receptors so far identified on human and rodent NK cells belong to different protein families, 

although they have similar functions ; this was a central theme at this meeting. 

Different gene products of the Ly49 family of C-type lectin receptors specifically interact 

with murine H-2 molecules, inhibiting cytotoxicity. On the other hand , members of another family 

of C-type lectin receptors (NKR-Pl) have been proposed to trigger cytolysis upon recognition of 

cenain negatively charged oligosaccharides , and are thus candidates for the group of activatory 

receptors. 

By contrast , the human inhibitory NK receptors that have been characterized (p58/GL183+ . 

p58/EB6 + , p58/HP-3E4 + and p70/ NKB 1) be long to an lg-related multigene family . A number 

of different cDNA sequences , including the group of NKATs, have been isolated . Remarkably, 

transfer of individual receptors conferred to NK clones the capacity to specifically recognize the 

predicted HLA class 1 alleles on target cells , leading to inhibition of lysis. Moreover, specific 

binding of soluble chimeric receptors to MHC class 1-transfectants was directly demonstrated. EB6 

or GL183 may display activatory functions in NK clones from sorne individuals. These triggering 

receptors display a lower Mr (50 kDa) , have a shorter intracytoplasmic tail lacking ITAMs, and 

contain a charged residue (Lys) in the transmembrane region. Regarding nomenclature, NKIR 
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(natural killer cell inhibitory receptors) and NKAR (natural killer cell activatory receptors), related 

to the terms KIR and KAR used by one group, appear to be the most appropriate terms proposed. 

The question as to whether any human lectin-like receptor is involved in MHC recognition 

was raised. The putative role of CD94, another member of the C-type lectin superfamily, asan 

inhibitory receptor for certain HLA alleles was extensively discussed. No consisten! pattern of 

specificity was detected in functional assays; thus, a direct demonstration of the CD94-HLA 

interaction would be required to clarify the issue. 

We are thus left with a remarkable enigma: did two different protein families evolve in 

mouse and man to serve the same function, or will we find that human NK cells also express 

inhibitory receptors of the C-type lectin superfamily and murine NK cells those of the Ig 

superfamily ? 

The attention is presently tocused on: a) The magnitude of receptor diversity. b) The 

molecular basis for NK receptor specific interaction with MHC class 1/peptide complexes, and the 

relative importance of N-linked carbohydrates and bound peptides. e) The nature of other receptor

ligand interactions triggering effector functions . d) How do MHC molecules influence the 

expression of NK receptors during ontogeny. e) The biochemistry of the balanced activatory and 

inhibitory signaling pathways. f) The role of NK receptors in T cells. 

All these aspects were addressed during the Workshop. In spite of the important advances 

in the field sorne observations cannot be satisfactorily explained based on the available knowledge, 

and a number of crucial issues remain unanswered . The design of more refined experimental 

systems where the individual receptors may be functionally analyzed, together with the development 

of additional reagents, shared by investigators, deserve a major effort. 

The Juan March Institute has provided an unprecedented forum for the open discussion of 

the recent advances in this dynamic field of immunological research, promoting an essential 

interaction among participants . 
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FIRST SESSION 

Chairperson: David H. Raulet 
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ADAPTATION OF THE MURINE NI< REPERTOIRE TO SELF MHC CLASS I 

Jonas Sundblick, M11ts Olsson, Malia Johansson, Lars Franksson, Mar~areta 
Waldenstróm, Peucr l · lüt~lund, Charles Sentman, Klas KArre. Microbiology and Tumor 
Biology Centcr, Karolinsk11 lnstitutc:. Stockholm. 

Th(l nbility of NI< cclls to dctcct "missing self' is determined by the MHC class l 
phcnotype ofthe host. This is illustrHted in a briefrevicw ofthe altered NK rcpertoire 
ofMHC class 1 (H-2()<1) tnlllsgcnic B6 micc and ~2 microglobulin deficient mice, 
including n modl'l whcrt• spccilic NK tolcrnncc appcars in mice with mosaic class l 
expression. NI< cclls maturing in an cnvironment containing H-2bt od+ as well as H-
2bt nd- cclls do not discriminare llctwecn such cclls and elilninate the latter, but they 
reta in the ability to discrimina! e bct wccn normal H-2b cells and cells deticient for T AP 

or r.hm. 

The cffcctur inhibition lllodd for lllissing sclf rccognition postulates MHC class I 
specific NK rcccptors thnt turn on'the NK lytic program, and there is now strong 
evidencc that l. y 4<Jn nwil·cul~:s Hcl as such reccptors, capnble ofmediating inhibitol)' 
signals n!lcr rccognition oi' H-:md (Yoi<oyama, Karlhofer, SCIIman et al). The 
obscrvutions on 1 .y 49a. :1 C typc lcctin like receptor, nevertheless impose a paradox in 
relation to NK cclls Hnd "missing scll" rccognition: Ly 49A moleculcs cells are 
downregulatccl on NK cells in H-2Dd cxprcssing míce, where they ought to be useful, 
but expressccl nt high lcvcls in mice lncking H-2Dd, where they would be expected to 
be hnrmful. Wc proposc n model based on "receptor calibration by avidity" to account 
for how NK cdlsaclapt to sdfMIIC. Thc key clements ofthis modelare 1) Each NK 
ccll can cxprc~s severa! MIIC dass 1 reccptors that transmit negative signals to inhibit 
killing 2) Ho~l exprcssinn ol" thc MliC dass lligancl for nn NK receptor leads to the 
dcvelopmcnt or sdccti<>n of NK n·lls with reduccd (but not dcleted) expression ofthat 
receptor This nwkcs tlw r<'C<'¡>Il'r ''usrfi1l ", sincc NK cells carrying the receptor are 
more diflicult to inhihit with lnw b·ds ni' ligand, and hence bccome more sensitivo to 
dctect "missing scl!" . This is in <"ontrast to th<: T-cell system, where high receptor 
expression is thought to corrclatc with highrr scnsitivity to detect the aberrant cells. 3) 
NK reccptors for nonsclr MIIC class 1 molccules may be functional and expressed at 
high lcvels~ thcsc are "usdcss" but nol "harmful" as long AS each NK cell carries at l(last 
one receptor lor n sl'lr MllC dass lmolccule. The receptor calibration model may 
explain why allogl'nl'Íc M!IC molccuk•s are sometimos more protective than syngeneic 
when NK subscts or clones nrt> tcstcd, whilc the uutologous MHC combination would 
nlwnys be optimal i'or protl-ction against the whole population ofNK cells. 

lfMHC tncdiatc<l rcgtlhllion ofLy-49A rcprcsents a general phenomenon in the 
process by which NK cclls adapt to sciC it should apply also to other receptors in the 
family. Wc havc invcstigalcd whcthcr Ly-49C detectcd by the mab SW/5E6 is subject 
to similar reguiRtion by hosl MHC. Ly49-C cxpression was regulated by host MHC 
difl'ercntially in mi ce of NSn (A) nnd C57!ll/6 (B) origin. Analysis of A x B _ 
recombiruint iÍ1bn:d sttnins su~cstcd tour phenotypes ofLy-49C expressing NK cells, 
controlled by two indcpcndcnt hu! intcracting loci, one segregating with the NK 
complcx nnd thc uthcr nnc with thc MHC. In congenie strains, the A type Ly-49C had 
a /ow basic cxprtssion kwl. ami wa~ further downregulmed in the prcsence ofthe H-2b 
haplotypc (t't'l"l' /ou·). Tht• 11 typc Ly-49C hada hiKh basic cxpression leve!, and was 
downregulatcd in thc prcsenn ~ of 1 t-i·(medium) . 
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On the bnsis <lfthcst! rcsults, wc hypothcsi7.ed that receptors encoded by the Ly49C 
gene in the NI< complcx huvc diflerent MHC spcciftcity in NSn and C57BL mice 
bccause they represen! Hllclic forms ofthc gene. The allelic products would both bind 
the antibody 5E6, hut difl'er in criticnl positions leading to different affinity to H-2b and 
H-2k class 1 molcculcs nnd difl'crential downregulation by these in vivo. To test this 
hypothesis, cDNA's for 5Eú wcre RT-PCR cloned from the NSn and C57BU6 strains. 
The sequenet!S dillcrecl hy Ci nudcoLidcs leading to 4 amino acid changes, one in the 
cytoplasmic tnil . two in the stalk rcgion and one in the globular, presumed ligand 
binding domain. Both cDN!\ 's could be cxprcssed as SEó binding membrane molecules 
in EL-4 cclls upon translection in an cxprcssion vector driven by the SV40 promotor. 
The Ly49C exprcssion pattcrn in A x B F 1 m ice suggestcd that NK cells express either 
the A-form or thc n form. consistcnt with the idea of allelic exclusion. 

The cxprcssion patlcrn of Ly49C in MHC rccombin1mt strains suggested control by the 
H-2K rcgion . Funhcr c·vidcncc for thc involvment of li-2K products in regulation of 
NK cells werc obtainecl in studit~s wlwre RMA-S sublincs could be protected from NK 
lysis by addition of MIIC dass 1 binding peptidcs beforc the cytotoxicity assay. Sorne, 
but not HIIJI .. 2l<h binding p.:ptides werc protcctivc in this assay, suggesting that NK 
cells in so me situat ion~ of tvll!C mediated protection may recognize only a subset of 
the relevan! class 1 a lidie product . 

The results will be discussed in relation to "instruction" versus "selection" based models 
for detcnninntion of the NK repcrtoire. Allhollgh clona! selection is used for other cells 
in thc immunc systcm. proccsses bnsed on instruction should not be excluded, since 
they may be more cconolllicnlnnd in addition allow greater tlexibility for adjustment 
ofthe NK rcpertoire. 
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MHC CLASS 1-DEPENDENT AND INDEPENDENT SPECIFICITY OF MURINE NK 
CELLS. W.M. Yokoyama, A. ldris, S.-J. Kim, l. Mehta, A. Reichlin, H. Smith, and M 
Orihuela, Howard Hughes Medica! lnstitute, Mt. Sinai Medica! Center, New York, 
NY 10029 

NK cells can discriminate between tumor and infected cells that they kill and 
normal cells that they spare. This appears to involve a recognition process that is 
beginning to be unraveled at the molecular level. In the mouse, a primary 
determinant of NK cell specificity for tumor targets is the NK cell receptor Ly-49A, 
expressed by a subset of NK cells. The engagement of Ly-49A by H-2Dd on the target 
appears to trigger an inhibitory signal that abrogates killing. Ly-49A belongs toa 
family of highly related molecules, expressed on overlapping subsets, that may hav< 
similar function . Yet there exists another mechanism for NK cell specificity becausE 
mouse NK cell clones, derived from p53-deficient mice, do not display MHC class 1 
specificity or express Ly-49 molecules, despite differences in tumor specificity. 
Delineation of the molecular basis for NK éell specificity and target susceptibility 
will require detailed examination of MHC class I-dependent and independent 
mechanisms . 
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VINAY KUMAH 
Department of Pathology. University of Texas 

Southwestern Medical School. 6000 Harry HGines Blvd. 
NB6. 402 

DALLAS, TX. 75235-9072 (USA) 

Ontogeny of NKRP-1 IUld Ly49 moleculcs: functional implications 

The functions of murine NK cells seem to be regulat.cd by the opposing effects of 

activationltriggering molecules and inhibitory or negative signaling molecule.c;. To the formcr 

categocy belong members ofthe NKRP-1 gene family (NK- J.I, IOA7, 3A4) and 2B4, a mcmber 

of lg supeñamily. Thc naturalligands of the activating molecules ha ve nol bocn identificd. The 

negativc signaling moleculcs belong to the multimember Ly49 family. 

Adult splenic NK cells can lysc allogeneic T cell blasL'> ill..YiJ.ru and in this assay the Ly49A 

molccules delivcr negative signals by interaction with H-2<1, and H-2k and H-2f class 1 molecules. 

The inhibitory MHC Jigands for Ly49C moleculcs seem to depend on lhc H-2 type of the hosL 

Thus Ly49C molecule expres.c;cd on NK cclls of H-2b or H-2<.1/b mice seems to roocive a negative 

signa} upon interaction wilh H-2Kb but not H-2d T cdl blasts. Whereas in H-2d mice thc Ly49C 

molecule seems to interact with both H-2b and (sclf) H-2d. 

To undcrstand the rcgulation of thesc NK ccll receptors, 14 LO 16 da y fetal Jivcrcells werc culrurcd 

in IL-2 and NK-1.1+, CD3- celllines werc obtained. These cells cxpresscd all of the NKRP- l 

gene product<>. as wcll as 2B4, hut did not exprcss or transcribe Ly49A, Ly49G.2 and Ly49C. 

They killed the prototypic NK sensitivc targct Y AC-1 quite cfficiently, were able to secrete TFN-y, 

but unlike adult splenic NK cells thcy were notable lO lysc normal allogcneic T cdl blasts. Givcn 

the absence of Ly49 moleculcs that deliver negativc signals to NK cells upon interaction with MHC 

class 1 molccules, the inability of NK-1 .1+, CD3-, 2B4+, Ly49A-, Ly49C-, Ly49G.2- cells to 

lyse allogencic cells wa~ uncxpecuxl. 1besc data suggest that cithc r fetal NKl. 1 + cells express 

other undefined negative signaling molecules, or that sorne mcmhcrs of the Ly49 family ure 

rcquired for positive allorecogniúon. Preliminary studies indicate that expression of Ly49A antl 

Ly49C on NK-l.l + cclls does not occur until 8 to 9 days after binh. Further studies to correlate 

expression of Ly49 family molccules and a.cquisition of allospeci.fic killi'ng are bcing pursucd. 
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Role of the MHC class 1 molecules in NK cell development 

Margarita Salcedo 1, Petter Hog1und 1, Luc Van Kaer2 , and 

Hans-Gustaf Ljunggren 1 

1 Microbiology and Tumor Biology Center, Karolinska lnstitute, S-

104 01 Stockholm, Sweden and 2Howard Hughes Medica! lnstitute, 

Department of Microbiology and lmmunology, Vanderbilt 

University School of Medicine, Nashville, TN 37232, USA 

We have addressed the role of individual MHC class 1 subunits 

as well as MHC class 1 bound peptides in the development of NK cell 

specificities. Targeted di sruption of genes affecting MHC class 1 (H-

2 b) cell surface expression influences development of NK ce li s (1-

4). Such mutations include TAP1 , b2m and combined TAP1/b2m 
deficiencies. NK cells in such mice are normal in numbers, readily 

kili Y AC-1 cell s, but are tolerant towards endogenous Con A blas t 

targets and bone marrow graft s. 

Although TAPl , b2m , and TAPI/b2m mutant mice 

superficiall y appear similar, expression of class 1 molecules differs 

between the three types of mice: Mice devoid of b2m express low 
numbers of class 1 heavy chains . Mice devoid of TAPl express low 

numbers of c lass 1 heavy chai ns complexed with b2m, either totall y 

devoid of peptide , or occupied by peptides that are de li vered to the 

c lass 1 molec ules independent of the TAP complex. Mice devoid of 
both T AP 1 and b2m lack serologically detectable leve ls of class 1 
mo lecules (5,6). 

lniti al comparative analysis of NK cell specificities in such 
mice revealed tha t NK cells that develop in b2m mutant mice kili 
targe t cell s from TAP1/b2m mutant mice. These res ults indicate 

that NK cell s can be selected and acquire a specificity when selected 

on free class 1 heavy chains devoid of b2m, and that free class 1 
heavy chains can mediate protection from NK cell mediated lysis . 

Furthermore, the data indicate that even very low level s of MHC 

class 1 expression may be able to shape the NK cell repertoire . 

To address the role of MHC class 1 bound peptides, we have 
studied the specificity of NK cells that develop in mice harboring 

bm mutant class 1 alleles (7) . Such bm mutant class 1 alleles are 
presumed to be very similar to the corresponding wild type alleles 
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with regard to 3D-structure while they harbor a different peptide 

repertoire in the antigen binding cleft. Preliminary data did not 

reveal any differences with respect to development of NK ceU 

specificity imposed by a bm mutant peptide repertoire compared to 

that of the wild type. 

Based on these imd other results we will present a model 

encompassing the role of individual MHC class I subunits in shaping 

the NK cell repertoire in vivo. 
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Peptide influences the folding and intracellular transport of free 

MHC class 1 heavy chains. J. Exp. Med. 1995: 181: 1111 - 1122. 

7. Salcedo, M., Hoglund, P., Achour, A., Thorpe, C., Ljunggren, H.G . 

Altered MHC class 1 presented peptide repertoire is not sufficient to 

induce NK cell mediated Fl -hybrid resistance. Mol. lmmunol. 1995 : 

32: 789-794 . 
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Recognition of class 1 MHC by the Ly-49 multigene family. 
Fumio Takei, Jack Bren~an, Gwendolyn Mahon, Wilfred Jefferies, and Dixie Mager 
Depamnents ofPathology, Medical Genetics, and lmmunology and Microbiology, 
University of British Columbia, and the Terry Fox Laboratory, B.C. Cancer Agency, 
Vancouver, B.C., Canada 

Ly-49 is a family of type ll transmembrane proteins containing carbohydrate 
reéognition domains (CRD). One member of this family, Ly-49A, has been shown to bind 
certain class 1 MHC molecules and ttansduce a negative signal to NK cells. To determine 
.the binding of class 1 MHC to other members of the Ly-49 multigene family, we isolated 
cDNA clones encoding five members of the Ly-49 multigene family and transfected them 
into COS cells. Flow cytometric analysis of the ttansfected cells with various NK cell 
antibodies established that three mAb, YEl/48, YEI/32, andA 1 specifícally recognize Ly-
49A whereas Ly-49C is rec:ognized by the mAb SE6, which was previously reported to 
react with NK cell subsets responsible for hybrid resistance. Three color flow cytometric 
analysis of NK cells from C57BL/6 mice using NKI .l, YE l/48, and 5E6 mAb showed 
that NKI.l • cells can be divided into single positive, double positive, and double negative 
subsets. The binding of Ly-49 to class 1 MHC was determined by the adhesion of various 
celllines with defined MHC to Ly-49-tranSfected COS cells. Ly-49A bound H-2d and H-
2k celllines whereas Ly-49C bound all celllines tested except H-24 celllines. The cell 
adhesion to Ly-49C-transfected COS cells was inhibited by appropriate antibodies to class 
I MHC or Ly-49C. The cell adhesion was al so inhibited by fucoidan, A.-carrageenan, and 
dextran sulfate. Furthermore, the treatment of celllines with fucosidase, but not 
neuraminidase, significan ti y reduced their adhesion to Ly-49C-transfected COS cells. 
These results indicate that at least two of the Ly-49 multigene family members bind 
different repertoires of class I MHC, and that the interaction between I.-y-49 and class I 
MHC seems to be dependent on carbohydrates on class 1 MHC antigens. To further 
define the interaction between Ly-49 and class I MHC, the CRD ofLy-49A and C were 
swapped and the binding of the chimeric Ly-49 to various celllines was determined. The 
results indicared that CRD is necessary but not sufficient for specific recognition of class 1 
MHC. The precise specificities of class 1 MHC recognition by Ly-49C ~md other members 
of the Ly-49 multigene family as well as the domains within Ly-49 required for these 
interactions are currently being studied. 
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Expression of mouse Ly-49A on the rat NK cellline RNK-16 inhibits lysis of targets 
expressing H-2[)<1. Jay C. Ryan. Mary Nakamura, Eréne Niemi, Brian Daniels, and 
William E. Seaman, VA Medical Center aild University of California, San Francisco, 
USA. 

Mouse NK cells that express Ly-49A cannot effectively lyse targets that express 
H-2Dd. This inhibitory effect is mediated by a direct interaction ofLy-49A with 
H-2Dd, but the mechanisms by which Ly-49A inhibits natural killing are not known, 
and studies have been hampered by the lack of an NK cellline that expresses Ly-49A. 
We therefore transfected the rat NK cellline RNK-16 with the cONA for Ly-49A by 
electroporation. Ten independent lines were derived, with varying levels of surface 
Ly-49A. Killing by these RNK-16.Ly-49A cells of P388D 1 tumor cells (H-2d) was 
inversely related to their level of expression of Ly-49A. and lysis of this target was 
restored in the presence of 50~g/ml F(ab'h anti-Ly-49A. Like Ly-49A+ mouse NK 
cells , RNK-16.Ly-49A cells retained the ability to kili B-16 melanoma cells (H-2b) and 
YAC-1 (H-2k/d) targets . 

In order to examine mechanisms by which Ly-49A prevents cytotoxicity by NK 
cells. we loaded RNK-16.Ly-49A cells with 3H-myosinositol. and examined 
polyphosphoinositide tumover in these cells following exposure to target cells. The 
RNK-16.Ly-49Acells demonstrated undiminished polyphosphoinositide tumover in 
response to YAC-1 targets but, in contrast to wild-type RNK-16 cells , they did not 
generate water-soluble polyphosphoinositides in response to P388Dl cells. Further 
studies transmembrane signaling RNK-l6,Ly-49A cells are in progress and will be 
discussed . 
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Formation of a self-specific, tolerant repertoire of NK cells expressing Ly49 inhibitory 
receptor& specific for class 1 molecules. 
Dayid H. Raulet. Wemer Held and Jeffrey Dorfman, University of California, Berkeley, 
California, USA. 

Murine NK cells express clonally distributed receptors encoded by genes in the Ly49 
family, which confer specificity for allelic variants of class 1 MHC proteins. Engagement 
of these receptors by class 1 molecules on target cells globally inhibits NK cytolysis 
[1].The Ly49 family comprises approximately eight genes, which encode type II 
transmembrane receptors with homology to type C lectins [2]. Severa! Ly49 receptors 
with known specificity ha ve been identified with monoclonal antibodies, including 
Ly49A (specific for pd and Dk), Ly49G2 (specific for Dd and Ld) and Ly49C (specific for 
H-2b and H-2d class 1 molecules) . Distinct but overlapping subsets of NK cells express 
these three receptors. We have investigated the mechanisms that genera te the repertoire 
of Ly49 receptors. We ha ve observed that the Ly49A and Ly49C genes undergo allelic 
exclusion, in that most individual NK cells in an Ly49 heterozygote express one or 
another but not both of the two Ly49 alleles [3] . Furthermore, we have observed that 
MHC genes influence the repertoire of Ly49 specificities. This is most clearly revealed in 
the case of cells expressing two or three Ly49 receptors simultaneously. These cells are 
substantially more frequent in ~2-microglobulin-(class 1)-deficient mice than in dass J+ 
mice. The frequencies of cells expressing any one receptor also appears to be slightly 
higher in class 1-deficient mice. Furthermore, the frequencies of cells expressing any one 
or two ~-specific Ly49 receptors was reduced significantly compared to the 
frequencies of these cells in mice expressing an irrelevant MHC haplotype. These results 
may bear on mechanisms that establish a useful, self-tolerant repertoire among NK 
cells. That NK cells are adapted to the individuals MHC molecules, resulting in self 
tolerance, was previously suggested by analysis of class 1 transgenic[4] and deficient [5, 
6] [7] rnice, in which alteration of the class 1 complement of the animal alters the 
reactivity of resident NK cells accordingly. Furthermore, recent data suggest that the 
NK cell subset which expresses the Dd-specific Ly49A receptor, is nevertheless rendered 
unresponsive to (tolerant of) H-2b cells when the NK cells develop in an H-2b mouse 
([8], and our unpublished data). We provide evidence that these NK cells are not 
anergic, nor are they inhibited through the Ly49A receptor, suggesting that the cells 
express additional H-2b-specific inhibitory receptors. Two models are proposed to 
account for the effects of MHC on the responsiveness and repertoire of NK cells. In one 
model, an initially stochastic repertoire of NK cell specificities is subject to selection for 
expression of self-MHC specific receptors, and against (albeit incompletely) cells 
expressing multiple self-MHC-specific receptors. In the other model, ~ cell .. 
progenitors stochastically and sequentially activa te Ly~9 r~eptors, ~tll ~ sufhoent 
reaction with self-MHC class 1 molecules occurs, resultmg m the termmatlon of new 
receptor expression. 
1 Karlhofer, F. M., Ribaudo, R. K. and Yokoyama, W. M., Nature 1992. 358: 66-70. 
2 Yokoyama, W. M. and Seaman, W. E., Annu. Rev. lmmunol. 1993. 11: 613-635. 
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Structure and Functlon of NK and T Cell Forms of NKR-P1 
W.H. Chambers. C.S. Brlssette--Storkus, T.· Kenniston, and P.M. Appasamy 
University of Pittsburgh Cancer lnstítute and Department of Pathology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15213 

NKR-Pl s represent multigene families of Type 11 glycoproteins 
belonging to Group V of the C-type lectin superfamily, in rats and mice. 
Three highly homologous genes encoding NKR-Pl s ha ve been identified in 
mouse NK cells, and at least three members of the NKR-Pl family have been 
identified in rat NK cells. At present, only one human NKR-Pl homologue has 
been reported in NK cells. Sequence homology among the various rat and 
mouse NKR-Pl s is around 70%, and human NKR-P 1 A shares approximately 
SO% homology with rat NKR-PlA. lt has been reported that certain tumor 
target cells express multiple oligosaccharide moieties which are bound by 
NKR-Pl and result in activation of NK cell lytic function. Much of the 
available data suggests that NKR-P1 is involved in providing positlve 
signals for activation of NK lytic function for sorne targets, but it is dear 
that it is not absolutely essential for lysis of targets as NKR-Pl- clones of 
rat NK cells efficiently mediate lysis of most susceptible targets. While 
NKR-Pl s have predominantly been characterized from NK cells, they are also 
expressed on small subsets of T cells (i.e. NKR-Pl dimJTCR(l~+ and NKR-
Pl dimTCRyo+ in rats), In particular, those with non-MHC restricted cytolytic 
activity in rats and mice. As NKR-Pl (s) from the T cell subsets have not 
been characterized, we performed a variety of biochemical and molecular 
analyses on NKR-Pl expressed on NKR-Pl dimfTCRo.¡¡+ rat T cells. ECL
Westem blot analyses indicated that anti-NKR-Pl recognized a single 
molecular species of -60 kD from NK cells and NKR-Pl dimfTCRo.¡¡+ cells. 
Northern blot analyses using RNA from highly purified populations of NK 
ce lis and NKR-P1 dimfTCRo.¡¡+ cells suggested that both populations expressed 
multiple forms of message encoding NKR-Pl, with a predominant form at 
~ 1.0 kB. Using various sets of primers corresponding to conserved regions 
among the known mouse and rat NK cell forms of NKR-Pl s, we generated PCR 
products which were then cloned and sequenced. At least one unique form of 
NKR-Pl was identified using RNA from the NKR-Pl dimfTCRo.ll+ subset or T 
ce lis. lnterestingly, whereas most defined murine forms ot' NKR-Pl s ha ve a 
high leve! homology (85-90%) in the carbohydrate recognition domain (CRD), 
this novel form has only about SO% homolgous in the CRD to the other 
members of this family. 
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THE HARNESSING OF EFFECTOR FUNCTIONS OF NK CELLS 

THROUGH CARBOHYDRATE-PROTEIN INTERACTIONS 

Ten Feizi, The MRC Glycosciences Labotatory, Northwick Park 
Hospital, Harrow, UK. 

A major aim of our current research is to elucidate speciticities of 
oligosaccharide-protein interactions in inflammation and host 
detence, and thus to discover ways of boosting or inhibiting these 
interactions as part of prophylactic and therapeutic measures in 
intections, inflammatory disorders and malignant disease. This is 
an extension of earlier work with monoclonal antibodies which 
revealed programmed changes in the display ot oligosaccharides 
at the surface of haematogenous and other cell types during 
development and differentiation, and often predictable changes in 
malignant transformation. Our thesis has been that such 
carbohydrate differentiation antigens may have important roles as 
ligands in macromolecular interactions which determine the way 
cells migrate or respond to various microenvironments (1-3). This 
concept has received much support trom developments in 
vascular biology with the discoveries that cell adhesion molecules 
(the selectins) which have crucial roles at the initial stages ot 

leucocyte recruitment and extravasation in inflammation are 
calcium-dependent (C-type) lectins that act by binding to 
carbohydrate differentiation antigens ot leucocytes (4,5). 

To tacilitate the detection and chemical characterization ot 

saccharide ligands, we introduced the 'neoglycolipid technology', a 
micromethod analogous to the 'blotting' methods for nucleic acids 
and proteins, and applicable to oligosaccharides after their release 
from proteins (6). Neoglycolipids are generated by conjugation of 
oligosaccharides to an aminophospholipid by microscale reductive 
amination procedures. The versatility is in that the .technology is 
applicable to mixtures of oligosaccharides released from proteins, 
and to desired structurally defined or chemically synthesized 
oligosaccharides. Moreover, the technology incorporales a 
microsequencing strategy as the neoglycolipids have unique 
ionization properties in mass spectrometry. This approach has 
proven to be a powerful means of singling out and elucidating 
structures of ligands tor carbohydrate-binding proteins and 
evaluating the intluence of carrier proteins and lipids in 
presentation and recognition of saccharide ligands (5). 
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A novel application of neoglycolipids has been in elucidating an 
important mechanism in the effector function of NK cells (7). 
Working with the rat NK system, we have shown that NK-sensitive 
tumour ~ell-lines bear specific oligosaccharides on their surface 
which serve as ligands that are bound strongly by the C-type 
lectin, NKR-P1 , on NK cells (8,9) thereby triggering their complete 
cytotoxic cascade (7). The critica! elements of these ligands 
consist only of one or two monosaccharides with a negative 
charge, making it relatively easy to synthesize drugs based on 
their structure. lndeed, we have shown that if such small 
oligosaccharides, in the form of neoglycolipids on liposomes, are 
embedded as clusters in the surface of NK-resistant tumour cells, 
these cells can be rendered NK-sensitive (7) . This new principie is 
potentially a powerful means of harnessing NK cells for the 
purging of undesirable cells such cancer cells and those infected 
with viruses, in vitro and (in conjunction with targeting reagents) in 

vivo. 

NK cell functions can also be negatively modulated by the 
oligosaccharide ligands of NKR-P1· we have observed inhibition 
of killing in thepresence of low density ligands on liposomes, and 
in the presence of the soluble, monomeric ligands. Thus, there 
are potential novel therapeutic applications also for the damping 
down of overactive NK cells in disorders of immunity. 
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"ALLOREAC'nVE NK CELLS IN THE RAT. COMPLEX GENETICS OF MHC CONTROL." 
Bent Rolstad, Christian Naper, Guro L8vlk, 'Kurt Wonlgelt, and John Torglls Vaage, 
Department of Anatomy, lnstitute of Basic Medical Sciences, University of Oslo, Norway and 'Kiinik für 
Abdominal und Transplantationschirurgie, Medizinische HochscllJie, Hannover, Germany. 

Allogeneic Lymphocyte Cytotoxicity (ALC) is the rapid rejection, within 24h, of lymphocyte allografts 
taking place in nonsensitized rats (1 ). Salient features of this rejection are: 1) it is independent of T 
cells or antibodies (1 ,2) 2) perturbation of the NK system profoundly affects !he rejection (2,3), 3) it 
shows immunogenetic speciflcity to MHC~ntrolled alloantigens (4) 4) like !he mouse Hh system the 
MHC affects target susceptibility in a complex manner, but unlike it parental homozygous parental rats 
sometimes reject F1 lymphocytes demonstrating nonrecessive inheritance of target structures. (1 ,5) 5) 
Purified unstimulated or IL-2 activated NK cells (CD3-, NKR-P1+) exhibí! !he same patterns of lysis of 
allogeneic lymphocytes or Con A blasts in vitro as found in ALC, further indicating that NK cells are 
the main effector cells of ALC [5,6]. 
We have investigated the role of MHC and its subregions in controlling target susceptiblity, using this 
in vitro assay for NK alloreactivity and a panel of MHC congenie and intra MHC recombinant rats. The 
rat MHC (RT1) shows several similarities with mouse H-2 in that a central class lVIII region is flanked 
on each side by class 1 genes. Unlike H-2 mos~ if not all the class 1 genes re~tricting T cells to 
environmental and minor histocompatilbility antigens is located within the RT1.A cluster on the left 
hand side of RT1 homologous to H-2K (7,8). A functional homologue of H-20 is lacking in the rat. but 
instead, in the right flank of RT1 (RT1.C region) 60.70 class 1 genes have been identified, some of 
which are polymorphic and expressed at the cell surface in low concentration [9,10). Their funcion is 
unknown, and they have therefore been regarded as nonclassical class 1 antigens. 
With a panel of MHC congenie and intra-MHC recombinant rat strains derived from five different RT1 
haplotypes, we have shown that: 
a) "self" MHC exert a strong inftuence on the ability of NK cells to lyse MHC incompatible cells from 
severa! rat strains, i.e. on the NK allorecognition repertoire (11] 
b) polyclonal NK cells from a certain rat strain (PVG) recognize and discriminate between tour 
ditterent allogeneic MHC haplotypes (6] 
e) a new function has been assigned to the RT1.C region in controlling severa! of the target MHC 
specificities to alloreactive NK cells (6) 
d) NK cells specifically can recognize single MHC mismatches within the RT1.C region only, and that 
deletion of a class 1 encoding subregion within the RT1 .C (lm1 mutant rat strain) leads to loss of an 
NK allospecificity [6]. 
Collectively these data are most easily interpretad according to a model at variance with the missing 
self hypothesis for NK allorecognition. We have previously suggested that some rat NK cells have a 
recognition system for allogeneic class 1 molecules with a limited number of specificities and with the 
mode recognition: kili (10]. By comparison with NK allorecognition systems in other species we 
assume that class 1 antigens are also central in rat NK cell recognition of normal allogeneic 
lymphocytes. The simples! interpretation of our system would therefore be that some rat NK cells 
positively recognize certain foreign MHC class 1 molecules and kili target cells expressing them. 
More recen! experiments have complicated this issue, since in a wider panel of RT1 recombinants 
and in F1 hybrids between them we now show that: 
a) depending on the MHC haplotype combination of effector and target cells both nonrecessive and 
recessive inheritance patterns of target susceptibility can be seen, and also F1-hybrid-anti-parental 
responses (11] 
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b) in a certain combination of RT1 hapfotypes target suscepl!bility to alloreactive NK cells maps to the 
classical RT1.A rather !han the nonclassical RT1.C region. 
e) the expression of this particular RT1.A controlled determinan! is dependen! on the allele 
combination between the A and 810-G region, since in other recombinant rats with the same allele in 
the RT1.A region but different ones in the 810-G regiori target sus<:eptibility again maps to the BID·C 
region. 
d) Specificity studies indicate that this was due to a gene interaction between the two class 1 regions 
RT1.A and C. 

Collectively our data indicate: 
1) that the NK recognition response to autologous and allogeneic MCH molecules may be different; 
i.e. while "self" MHC may be inhibitory, at least sorne allogeneic MHC molecules may trigger 
cy1otoxicity. 
2) that a new function has been assigned to the nonclassical dass 1 (RT1.C) region in controlling 
expression of NK target structures 
3) that the rat NK target structure on normal allogeneic lymphoblasts is determined by the MHC at 
more than one leve!, and may also be dependen! on interactions between different subregions of the 
MHC. 
By inference with the role of peptides selected for presentation by class 1 in determining NK target 
determinan! in other species, we hypothesize that the NK target structure recognized by rat 
alloreactive NK cells can be determined by the MHC at two levels; by the presence of the 
polymorphic class 1 molecules themselves and by the selection of peptides available for presentation 
by class l. 
A receptor-ligand interaction in this system has so lar awaited identification, but recently we have 
identified an NK surface molecule defining a subset associated with most of the alloreactivity and 
whose expression is controlled by the haplotype within the RT1 .C region. Data on this issue will be 
presented. 
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THE INVOLVEMENT OF ADHESION-, ACTIVATION-, MHC CLASS 1-, ANO CD45-
MOLECULES IN RAT NK CELL-MEDIATED LYSIS. 

K.M. Giezeman-Smits', A.M.M. Eggermonf, G.J. Fleuren', P.J.K. Kuppen3
. 

'Department of Pathology, University of Leiden; 2Department of Surgery, University Hospital 
Rotterdam-Daniel den Hoed Cancer Center, Rotterdam; 3Department of Surgery, University 
of Leiden; The Nether1ands. 

The precise mechanism by which natural killer (NK) cells lyse target cells is not fully 
understood. Using the monoclonal antibodies (mAb) WT.3 (anti-CD18), OX18 (anti-MHC 
class 1), 3.2.3. (anti-NKR-P1) and the by us newly developed mAb ANK5, ANK61, and 
ANK7 4 we investigated in a syngeneic rat model the involvement of several different types 
of structures on both, NK cells and target cells in NK cell-mediated lysis. NK activity was 
measured with 51 Cr release assays. MAb WT.3 (anti-CD18) inhibited completely the NK cell 
mediated lysis of various tumor cell lines, indicating that the CD18-integrins are essential 
for target cell binding. Preincubation of tumor cells and normal cells as target cells with 
OX18 (anti-MHC class 1) strongly enhanced the NK cell-mediated lysis. The lysis of0X18-
preincubated target cells was again completely blocked by WT.3. We concluded from these 
data that the CD18-integrins are a prerequisite for lysis by NK cells and that masking of 
MHC class 1 on target cells by the anti-MHC class 1 antibody OX18 is sufficient for NK cells 
to recognize them as non-self, resulting in lysis. The ability of ANK5, ANK61 and 3.2.3 (as 
positive control) to induce redirected killing of the Fcy receptor (FcyR)-positive tumor cell 
line P815 was analyzed. The FcyR-negative tumor cell line YAC-1 served as negative 
control. The lysis level of P815 by NK cells was significantly enhanced in the presence of 
the mAb ANK5 and ANK61 . Nene of the mAb had any effect on the lysis of YAC-1 by NK 
cells. These results show that the mAb ANK5 and ANK61 bind to activation structures on 
NK cells which trigger NK cells lo target cell lysis. Additionally, we showed that the 
activation of NK cell-mediated lysis by mAb ANK5 and ANK61 was inhibited by mAb WT.3, 
demonstrating that activation is dependen! on binding via adhesion structures. The effect 
of mAb ANK74 on NK cell-mediated lysis was tested using MHC class 1-negative tumor cells 
and MHC class 1-positive tumor cells preincubated with and without OX18. The MHC class 
1-negative tumor cells were lysed al high levels and this lysis level was not affected by mAb 
ANK74. The MHC class 1-positive tumor cells were lysed at low levels, but were lysed at 
high levels after OX18-preincubation. MAb ANK74 inhibited the OX18-mediated enhanced 
lysis of target cells completely. lmmunoprecipitation studies showed that mAb ANK74 
recognized the leucocyte common antigen, CD45. These data indicate that CD45 is involved 
in MHC-associated target cell recognition and perhaps provides the inhibitory signals 
involved in NK cell-mediated lysis. In conclusion , we hypothe~ize , based on our 
observations, that NK cell-mediated lysis in rats depends on: CD18-associated integrins, 
which provide binding between NK cells and target cells; activation structures, which are 
capable of activating the lytic machinery (e.g. the 3.2.3-, ANK5-, ANK61-antigens); and 
inhibition structures (a putative MHC class 1-receptor, possibly in combination with CD45) 
which bind to 'self MHC class 1 on target cells, resulting in downregulation of !he lytic 
machinery. 
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RECEPTORS FOR HLA CLASS-I 
MOLECULES IN HUMAN NATURAL KILLER CELLS 

Lorenzo Moretta•",' Roberto Biassoni•, Ma~>simo Vitale•, Cristina Bottino•, 

Maria Cristina Mingarí* 0
, and Alessandro Moretta+•. 

*lstituto Scientifico Tumori e Centro Biotecnologie Avanzate, Viale 

Benedetto XV N.IO, 16132 Genova; "Istituto di Patología Generale, Universita 

di Genova; 0 lstituto di Oncología Clínica e Sperimeotale, Univ. di Genova; 

+lstituto di lstologia ed Embriología Generale, Univ. di Genova; 

•Dipartimento di Scienze Biomediche e Biotecnologie, Universita di Bre:scia 

NK cells have been tought to represeot a functionally homogeneous cell 

population responsible for "non specific" functioos. However, more recent 

data have provided clear evidence that NK cells express clonally-distributed 

receptors for HLA-class 1 molecules. Interaction between these receptors 

and their ligands expressed on target cells prevents target cell lysis 

(inhibitory receptors). Originally, two homologous receptors, each 

recogmzmg a given group of HLA-C alleles (sharing aminoacid positions 77 

and 80 in the peptide bindiog groove) have been identified by thc EB6 and 
GL 183 mAbs . Genes coding for p58 molecules ha ve recently been cloned. 

Different from murine Ly49 (shown to represent the class I-specific 

murine NK receptor), p58 are type-l transmcmbrane proteios containing 2 

Ig-Iilce domains in their extracytoplasmic portion. Studies are in progress to 

characterize addiüonal members of the p58 -rclatcd gene fo.mily for their 

ligaod/specificity and function. Sorne NK clones express additional 

receptors specific for two groups of HLA-B alleles characteriz.ed by the Bw4 

or the Bw6 supertypic specificity. Aotibodies to these reccptors revealed lwo 

different molecules represented by NKB 1-p70 and CD94 molccules, 

rcspectively . Although only one type of class l-specific inhibitory receptor 

may be expressed by single NK cells, in sorne instances, different receptors 

can be coexpressed at tbe single cell leve!. Importantly, in addition to the 

typical inhibitory receptors expressed by all individuals, activatory 

receptors displaying the same antibody specificity, but differences on thcir 

molecular mass, have been identified in sorne individuals. Thus, MHC class I 

recogniti.on may result not only in NK cell inhibition but also in activation. 

Remark:ably, the expression of activatory receptors is alw~ys accompanied 

by the coexpression of inhibitory receptors characterized by different class 

I allele specificity. HLA class-1-specific receptors have also been detected in 

a small subset of T cells displaying NK-like activity . Importantly, they can 

regulate lhe TCR-mediated T cell activation . The molecular mechanisms 

in vol ved in this regulation are being investigated. 
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Recognition of MHC class 1 by human NK and T cells 
Lewis L. Lanier, DNAX Research Institute of Molecular and Celluíar Biology, 

901 California Avenue, Palo Alto, CA 94304 U.S.A. 

Human NK cell clones kili the HLA class 1-deficient Epstein Barr virus

transformed human B lymphoblastoid celllines 721.221 and ClR. 
Transfection with certain alleles of HLA-A, -B, or -C can protect 721.221 or 

C1R from lysis. In collaboration with Peter Parham' s laboratory (Stanford 

University), we have demonstrated that an individual NK cell clone can 
recognize multiple alleles of HLA-A,-B, and -C (1). Analysis of an extensive 

panel of NK clones generated from a single individual revealed a complex 
pattern of HLA recognition. While the NK clones were able to recognize 
certain HLA-C molecules, the same NK clones also recognized HLA-A and 
HLA-B gene products (1). Recently, we have cloned cONA encoding a 
receptor, designated NKB 1, responsible to recognition of HLA-B molecules 

bearing the Bw4 serological determinant (2-4) . The NKBI receptor is 

expressed on T lymphocytes, as well as NK cells, and regulates TeR-
. dependentactivation (5). In this presentation, we will review our studies 

of HLA class 1 molecule recognition by NK and T cell clones. Results from 

our studies suggest that NK and T cell cytolytic function represents a 

balance between stimulatory and inhibitory signals. 
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Threonine 80 on HLA-B27 confers protection to lysis by NK clones of NK4 

specificity. 

José Peña*, Isabel Luque*, M. Dolores Galiani*, Rafael González*, Fernando 

García#, José A. López de Castro# and Rafael Solana*. 

*Depanamento de /TilTIUIU)/ogfa. Facuúad de Medicina. Hospital Reina Sofia. 

Universidad de Córdoba. 14004 Córdoba. (Spain); and #Centro de Biología 

Molecular ·Severo Ochoa •. Consejo Superior de Investigaciones Cient(ficas. 

Universidad Autónoma de Madrid. Caruoblanco. 28049 Madrid. (Spain) . 

NK cells are able to lyse hematopoietic target cells lacking expression of MHC 

class 1 molecules on their surface, while the presence of these molecules provides 

protection from NK lysis (l-2) . MHC-dependent inlúbition of NK lysis is related to 

the structural polymorphism of the HLA Class 1 molecule, although its molecular basis 

remains unclear. The use of NK clones has defmed three NK specificities (NK 1, NK2 

and NKJ) according to their capacity to recognize Class 1 polymorphic motifs (3-4). 

This effect is mediated by NK inlúbitory receptors, sorne of which have been cloned 
and identified (5-6). 

In an attempt to further analyze how NK cells recognize HLA-827, we have 

studied whether the inhibitory effect induced by HLA-8"'2705 on sorne NK clones i! 

extensive to other HLA-827 subtypes. To analyze this, we selected clones that were 

specifically inlúbited by HLA-8*2705 to test their cytotoxicity towards C 1 R 

transfected with the 8*2701 through 8*2706 subtypes. ClR transfectants express 

equivalent surface amounts of HLA-827, as demonstrated by labeling with anti HLA 

class 1 and anti HLA-827 mAbs. The results indicate that whereas 8*2701 , 8*2703, 

8*2704 and 8*2706 also induced strong protection to lysis by these particular NK 

clones, HLA-8*2702 was unable to induce protection. From this we can conclude 

that whereas 8*2701, 8*2703, 8*2704 and 8*2706 induced strong protection to lysis 

by these particular NK clones, equivalent to the protection induced by 8*2705 , the 

8*2702 subtype was unable to induce protection. 
A feature which differentiates 8*2702 from all other subtypes, is the presence 

of Ile at position 80 in 8*2702, whereas the remaining HLA-827 subtypes analyzed 

have Thr in this position (8) . Thus our results suggested that Thr80 of HLA-827 is 

of particular relevance in the induction of resistance to lysis by these NK 

clones,termed NK4 specificities. 
To confmn the role ofThr80 in HLA-827 recognition by NK cells, ClR cells 

transfected with the 8*2705 gene specifically mutated in positions 74, 80 and 81 to 

mimic the changes in 8*2702 at single positions, were used as target cells. The 

results show that the protection conferred by 8*2705 to lysis by these NK clones was 

reverted when Thr80 was changed to lle80, whereas mutations at positions 74 (D- >Y) 

or 81 (R- >A) did not affect 8*2705 induced protection to lysis. In addition, ClR 

transfectants expressing the double mutant N77180 were lysed less efficiently than 

untransfected C 1 R or 180 transfectants by two of these clones, suggesting that the N77 
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change modulates the effect of residue 80 on lysis by these NK clones. The fact that 
residue 80 is involved in the structure of pocket E and F of the peptide binding groove 
(9), suggests that the peptides bound to MHC molecules could participate in the 
specificity of NK recognition. Although other results analyzing the effect of single 
mutations in NK recognition (10-ll) and in particular the results of Malnati et 
al .(l2),further support this possibility, this issue still remains controversia!. 

We have also studied the expression of the NKAT gene family on the group 
of NK4 clones. The results show that these clones specifically express NKT A4 but not 
NKAT3 , NKATI or NKAT2 genes, suggesting that the molecule encoded by NKAT4 
is the NK inhibitory receptor responsible to confer the NK4 specificity to these clones. 
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INHIBITORY AND ACTIVATORV NK RECEPTORS 
FOR HLA-CLASS 1 MOLECULES 

A. Moretta"'"· S. Sivori" and M. Vitale" and C. Bottinol\. 
*Departement of Biomedical Sciences and Biotechnology, University 
of Brescia; " I.S.T. and C.B.A., Genova, ITALY. 

Human NK clones specifical!y recognize HLA class [ alleles via 
clonally distributed receptors. These receptors were first identified 
by mAbs GLI83 and EB6 as a SR kD molecular family specifically 
directed to distinct groups of HLA .C alleles. 
More recently the existence of distinct receptors for HLA.B alleles 
has been defíned . Each of the receptor molecules for HLA.C or 
HLA.B alleles may be coexpressed at the clona! level with one or 
another of the other receptors and with different sets of activatory 
molecules. 
Thus the function of individual NK clones would be the resuh of the 
cocktail of inhibitory (HLA-spccific) and activatory (HLA-non 
specific?) receptors. In all istances however the balance between 
activatory and inhibitory reccptors 1s characterized by the 
downregulation of the activatory signals by the inhibitory ones . 
We will present data on different groups of activatory and 
inhibitory receptan; that cooperate in the shaping of the cytolitic 
function of different alloreactive and non-alloreactive groups of NK 
clones. 
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Modulation of Activation-Associated Signal Transduction Pathways in NK 

Cells by HLA Class 1 Recognition. Nicholas. M. Valiante *, Jennifer Gumperz *, 

Annalisa D'Andrea#, Joseph H. Phillips#, Lewis L. Lanier# and Peter R. 

Parham *. *Department Of Structural Biology, Stanford University, Stanford, 

CA 94305, U.S.A.; #Department of Human lmmunology, DNAX Research 

Institute, Palo Alto, CA. 94306, U.S.A. 

Expression of major histocompatibility complex (MHC) class I 

molecules protects potential targets from cytolysis by natural killer (NK) 

effector cells. Protection results from specific interactions between class 1 

allotypes possessing particular polymorphic determinants and clonally 

distributed receptors of NK cells. It has been proposed that recognition of 

MHC class 1 allotypes by NK cells inhibits activation of cytolysis through the 

delivery of a negative signa! to the NK effector cell. Experimental evidence, 

although limited, is consistent with this hypothesis. To understand further 

the mechanisms that govern the class 1 ind uced non-responsiveness of NK 

cells , we are comparing pathways of signa! transduction in NK cell clones 

interacting with target cells distinguished in their sensitivity to lysis due to 

difference in class 1 allotype or level of expression. Using the class 1 deficient 

B cell line 721.221, and a panel of derivative transfectants expressing 

individual HLA class 1 alleles as target cells, we have investigated the 

transmission and propagation of intracellular signals in CDS6+ human NK 

cell clones following their interaction with targets that are either maximally 

sensitive or maximally resistant to lysis. Following recognition of class 1, we 

find alterations in the early activation of signaling pathways•dependent upon 

protein tyrosine kinases (PTK). The particular pathways affected and the 

potential mechanisms responsible for inhibiting NK cell activation are under 

continued investigation and will be discussed further. 
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Recognition of MHC class 1 B2705 peptide-induced conformation by B*2705 
specific NK clones 

Mauro S. Malnati+, Marta Peruzzi§, Kenneth C. Parker*, John E. Coligan* and Eric O. Long§ 
+ Laboratory of Human Virology, HSR San Raffaele, Milan Italy 
§ Laboratory of Immunogenetics, NIH-NIAID, Rockville USA 
* Laboratory of Molecular Structure, NIH-NIAID, Rockville USA 

Fully assembled class I B*2705 molecules reconstituted by exogenous addition of a B27 
specific peptide (FRYNGLIHR) in TAP deficient cells block their lysis by a particular subgroup 
of B27 specific NK clones (CD3- CD56+ CD16+). 
We have assessed the role of each aminoacid in the protective peptide by the use of single 
alanine substitutions. In addition we ha ve further characterized the specificity of this particular 
subgroup of NK clones by testing 14 B*2705-natural peptides. 
The results obtained clearly demonstrate that NK cells recognize peptide-induced 
conformational change rather than directly recognize a specific peptide-MHC complex. 
Recognition is indeed specific since that only a particular class of B*2705 peptides with 
common features confer the appropriate protective conformation. The lenght of the protective 
peptides does not appear to be critica!. 
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SINGLE AMINOACID SUBSTITUTIONS CAN INFLUENCE THE NK
MEDIATED RECOGNITION OF HLA-C MOLECULES. ROLE OF SERINE-77 
AND LYSINE-80 IN THE TARGET CELL PROTECTION FROM LYSIS 
MEDIATED BY MGROUP 2~ OR MGROUP 1 ~ NK CLONES 
R. Biassom•, M. Falco•.A. Cambiaggi•, P. Costa•, S. Verdiani*, D. Pende•, R. 
Cante•, C. Di Donato•, P. Parham0 and L. Moretta•". *1ST, CBA, Genova, 
Italy; "1st. Pat. Gen., Univ. Genova, Italy; o Depts. Stiuct. Biol. and Microb. 
& Immunol., Stanford Univ, Sch Med Stanford, CA, U.S.A. 

NK cells have been shown to express a clonally distributed ability to 
recognize HLA class I alleles. The previously defi.ned NK clones belonging to 
Mgroup 1 ~ recognize HLA-Cw*0401 (Cw4) and other HLA-C alleles sharing 
Asn at positlon 77 and Lys at position 80. Conversely, the Mgroup 2~ NK 
clones recognize HLA-Cw*0302 (Cw3) and other HLA-C alleles characterized 
by Ser at position 77 and Asn at position 80. We assessed directly the 
involvement of these two residues in the capacity of NK cell clones to 
discriminate between the two groups of HLA-C alleles. To this end, Cw3 
and Cw4 alleles were subjected to site-directed mutagenesis. Substltutlon 
of the aminoacids typical ofthe Cw3 allele (Ser-77 and Asn-80) with those 
present in Cw4 (Asn-77 and Lys-80), resulted in a Cw3 mutant which was 
no longer recognized by Mgroup 2" NK cell clones but was specifically 
recognized by wgroup 1" clones. Analysis of Cw3 or Cw4 molecules 
containing single amino acid substitutions indicates roles for Lys-80 in 
recognition mediated by wgroup 1" clones and for Ser-77 in recognition 
mediated by Mgroup 2" clones. These results demonstrate that NK-mediated 
specific recognition ofHLA-C allotypes is affected by single natural amino 
acid substitutions at position 77 and 80 of the heavy chain. 
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Kll.LER CELL INHIBITORY RECEPTORS SPECIFIC FOR lll..A-C AND HLA-B 

IDENTIFIED BY DJRECf BINDING AND BY FUNCTIONAL ,TRANSFER 

Eric O. Long, Nicolai Wagtrrlann, Sumati Rajagopalan, Christine C. Winter and Marta 
Peruzzi ) 

Laboratory of Immunogenetics, National Institute of Allergy and Infectious Diseases, 

National lnstitutes of Health, 12441 Parklawn Orive, Rockville, Maryland 20852, USA 

An inhibitory signa! is delivered to Natural Killer (NK) cells (1) anda subset of cytotoxic T 

cells (2-4) upon recognition of lll..A class 1 molecules on target cells (5-7). We demonstrate 

that distinct killer cell inhibitory receptors (KIR) bind directly and specifically to HLA-C 

alleles. Furthermore, transfer of individual KIR into NK clones reconstituted target cell 

recognition, leading to inhibition of lysis. Using such functional reconstitution, a related 

KIR that confers specificity for sorne HLA-B alleles was also identified. These KIR share 

conserved tyrosine phosphorylation motifs in their cytoplasmic tails (8). Thus, a single 

receptor in NK cells provides both specificity for lll..A class 1 on target cells and the 

inhibitory signa! that prevents lysis (9). 
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NK Associated Transcripts Encode lg-SF Molec 1les 
Involved in HLA-C and HLA-B Recognition t: v 

Human Natural Killer Cells 

Marco Colonna & Jacqueline Samaridis 

Basel Institute for lmmunology, Basel CH-4005, Switzerl2 td. 

Cytotoxicity by Natural Killer (NK) cells is inhibited by 1 [ajor 

Histocompatibility Complex (MHC) class 1 molecules on target ells. 

This inhibition is mediated by clonally distributed NK rece¡ tors, 

with different MHC specificities. Recently, it has been descrit :d a 

new family of cDNAs, designated NKATs (NK assoc :ned 

transcripts), which are selectively expressed on NK cells. 'hey 

encode closely related transmembrane proteins, characterize< by 

an extracellular region with two or three lg-superfamily dom tins, 

and by a cytoplasmic domain with an unusual immune rect ptor 

tyrosine based activation motif (ITAM). The distribution of 1 tese 

cDNAs is clonotypic and the expression of certain NKA Ts corre ates 

precisely with NK cell inhibition by particular class I all les. 

Transfection of one cDNA determines cell surface expression o1 the 

p58 molecule identified by mAb HP-3E4, which has 1 een 

previously proposed as a receptor for HLA-C. Thus, 1\"'KA.T cD ~As 

encode receptors for class l molecules on NK cells. 
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THE lg-RELA TED KILLER CELL INHffiiTORY RECEPTOR BINDS ZINC AND 
REQUIRES ZINC FOR RECOGNffiON OF ffi.A-C ON T ARGET CELLS 
Sumati Rajagopalan, Christine C. Winter, Nicolai Wagtmann, and 
Eric O. Long 
Laboratory of Immunogenetics, National lnstitute of Allergy and lnfectious Diseases, 
National Institutes ofHealth, 12441 Parklawn Drive, Rockville, Maryland 20852, USA 

Members of the Ig superfamily are predominantly receptors that mediate interactions 
between cells, or provide signals to cells when binding specific ligands. Here we describe 
an lg-related receptor that requires zinc for its function. Killer cell inhibitory receptors 
(KIR) belonging to the Ig superfarnily mediate inhibition of NK ce lis u pon recognition of 
HLA-C molecules on target cells ( 1 ). The un usual! y high abundance of histidine residues in 
the first extracellular domain of KIR suggested that this receptor may bind zinc. Two 
distinct KIR molecules that media te recognition of ffi.A-Cw4 and -Cw8, respectively, 
bound specifically to zinc affinity columns. Furthermore, addition of the zinc chelator 1,10-
phenanthroline during chromium release assays reversed the inhibition of killing mediated 
by NK clones specific for HLA-Cw4 or HLA-Cw8, demonstrating that zinc is necessary 
for the inhibitory function of KIR (2). Such functionally relevant zinc binding has not been 
described for other members of the lg superfarnily and may representa novel regulatory 
mechanism for antigen receptor-ligand interactions. 
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Relatfonship between non-MHC-restricted T cells and allogeneic NK cells: 
expression of HIA-C molecules confers target cell -resistance to lysis by both 
effector populations. 

Christine S. Falk, Alexander Steinle, Barbara Maget and Dolores J. Scbendel. 
lnstitute uf lmmunology, University Munich, Goetbestr. 31, D-80336 Munich, 
Gennany. 

An involvement of HLA class 1 molecules has recently been demonstrated for the 
regulation of lysis by NK cells induced through allostimulation In contrast to 
cytotoxic T cells (CTL), these allogeneic NK cells could be inhibited by particular 
HLA-B or e molecules expressed on the surface of the target cells. In sorne cases 
the specificity of inhibition can be correlated with members of a family of receptors 
expressed on soma subpopulations of NK cells Depending on the expression of 
receptor variants lysis by CD3' NK cells could be inhibited by the presence of 
particular HLA-B or -C molecules on the target cells. We have found that HLA-C 
mediated inhibition of lysis is not limited to CD3. NK cells: C03./CD56' non-MHC
restricted T cells characterized by their lysis of class 1 deficient target cells could be 
inhibited by a cluster of HLA-C alleles (Cw1, Cw3 and Cw7), thus exhibiting an NK2-
Iike specificity Starting with an allogeneic mixed lymphocyte culture {MLC) of mixed 
phenotype (CD4•,coa• and Coss• cells), purification of subpopulations of 
CD3./CD56. non-MHC-restricted T cells and CD3-/CD56• NK cells resultad in lines 
showing idsntical lysis pattems, relatad to the NK2 specificity: Resistance to lysis 
was found when target cells expressed Cw1 , Cw3 or Cw7, using both a panel of 8-
LCL and class 1 transfectants. In contrast, susceptible cells were either deficient in 
class 1 expression or expressed Cw2, Cw4 or Cw6 alleles. Blocking of the HLA-C 
molecules on the target cells with class 1 specific mAb restored lysis by both NK and 
by non-MHC-restricted T cells. To investigate the influence of peptides in this HLA
class 1 mediated inhibition we testad HLA-B and -C transfectants of the TAP deletion 
mutant T2 for resistance or susceptibility to lysis by these non-MHC-restricted T cells 
and NK cells. The results suggested that peptides might play only a minor role since 
the TAP-deficient HLA-Cw7 transfectant could inhibit lysis by both populations In 
summary, T cells and HLA molecules show a bidirectional relationship: classical 
coa• CTL are specifically restricted in their recognition of peptides presentad by 
MHC class 1 molecules leading to lysis of a target cell; ii'l contrast, non-MHC
restricted T cells are able to lyse a variety of target cells even when deficient for 
class 1 but they can be inhibited by defined HLA-C molecules; the pattem of 
inhibition seems to be relatad to the NK-specificity of allogeneic NK cells. 
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Paul Fisch 
Recognition by human NK cell clones and rió T cell clones is differentially controlled by 
HLA class 1 antigens expr~ with human {J2m as compared to murine 62m. 

Human V-y9No2 T clu clones recognize Daudi cells in a TCR dependent fashion. Daudi cells 
lack expression of MHC class 1 antigens due to lack of 62-microglobulin @2m). However, 
recognition of Daudi by human V r9/V 02 T cell clones is not caused by absent HLA class I since 
(a) transfection of 62m into Daudi cells does not reduce the proliferative response and 
lymphokine secretion of hwnan -y/ó T cell clones to Daudi (Fisch et al. Science 250:1269,1990 
and unpublished results) an.d (b) three maligrumt hematopoietic cell lines other than Daudi 

expressing HLA class 1 can be recogrúzed by the V¡9/Vó2 encoded TCR (Fisch et al. 
unpublished results). The molecular mechanisms responsible for recogrútion of these celllines 
by human -y/6 T cells remain unclear, but the data suggest that similar to NK cells , -y/o T cells 
could play a role in the immunosurveillance against rumors, possibly by recognizing antigens 
other than those recognized by conventional cx/{3 T cells or NK cells . 

Since human Vr9Nó2 T cell clones display high level of lysis of Daudi cells, we examined, 
how expression of HLA class 1 antigens on Daudi cells modulates cytotoxicity by human 
V-y9Nó2 T cell clones and NK cell clones. Expression of HLA class 1 upon transfection of 
Daudi with murine (J2m (m-112m) markedly reduced lysis by all 20 "(lo T cell clones and 12 NK 
cell clones srudied. In contrast, expression of HLA class 1 following transfection of Daudi with 
human ¡12m (h-/12m) had a differential effect on the recognition by NK and V-y9/V62 T cell 
clones. All 12 NK clones and 14 out of 20 V-y9/V62 T cell clones showed reduced lysis of h
{32m transfected Daudi cells as compared to the parental cell line . In contrast, the other 6 
V-y91V62 T cell clones displayed unchanged or even increased "recognition" of h-/12m Daudi 
cells , as compared to the parental HLA deficient cell line (although the same clones showed 
reduced lysis of m-{32m transfected ))audi cells) All Daudi cell lines, the parental HLA class 
I deficient ce lis , as well as the m-{32m and h-{32m Daudi cells induced proliferation and GM-CSF 
secretion by CD4+ V-y9N62 T cell clones at equallevels , suggesting that there was no general 
difference in the recognition of the "Daudi ligand" via the V"'(9N62 TCR. Reacriviry with mAb 
W6/32 confmned that the HLA class I m0lecules on the surface of the Hl.A class I + Daudi 
cells were associated with h-fi2m, even for the m-fi2m Daudi variant, since soluble h-fi2m 
derived from human serum exchanges with m-{32m at the cell surface, ifthe m-62m Daudi cells 
are grown in human serum (the W6/32 mAb does not recognize m-{32m associated HLA class 
I molecules; i.e . if the m-112m Daudi cells are grown under serum free conditions). 

The most likely explanation for these results is th.at human "'(ló T cells express receptors for 
HLA class I antigens that can modify TCR dependent recognition of the "Daudi iigand". These 
receptors m.ay to be influenced by HLA class 1 bound peptides that are transported to the cell 
surface upon association of the peptides with the Hl.A class 1 cx-cbains and {32m in the 
endoplasmatic reticulwn (ER). Since m-fi2m changes the peptide affmity and perhaps peptide 
specificity of HLA class 1 molecules, as compared to h-fi2m, this may explain, why a subset of 
clones differentially recognizes HLA class I molecules that have travelled to the cell surface in 
associarion with h-{32m, as compared to m-132m. 
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Reagents for the Study of the NKG2 Family of Lectin-like Receptors. 

Jeffrey P. Houchins§. Joseph H. Phillipst, and Lewis Laniert. §oepartment of 

Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN 

55455 USA and toepartment of Human lmmunology, DNAX Research lnstitute, 

Palo Alto, CA 94304 USA 

We have been attempting to develop reagents for the study of the NKG2 family of 

transmembrane lectin-like molecules that are expressed preferentially on human 

NK cells. Expression constructs were prepared that direct the synthesis of 

recombinant NKG2-A and NKG2-D proteins in bacteria or COS cells. The 

purified recombinant proteins were used to immunize mice. 

One mouse monoclonal antibody was obtained that reacts only with 

NKG2-A, and a second antibody also cross-reacts with the closely related 

molecules NKG2-C and NKG2-E. On western blots prepared from NK cells , 

these antibodies detect a diffuse band that runs at approximately 45 kDa under 

reducing conditions and about 90 kDa in non-reducing conditions. Both 

antibodies specifically recognize recombinant NKG2-A proteins in ELISA, and 

both stain the surface of COS that has been transfected with NKG2-A. Although 

NKG2-A expression in NK cells has been detectad by the staining of western 

blots, the antibodies fail to stain the surface of NK cells. Western blots prepared 

from cloned NK cells reveal that NKG2-A is clonally expressed. Efforts are 

continuing to correlate functional activity with expression of this molecule. 

Antibodies have also been prepared that recognize recombinant NKG2-D 

proteins on ELISA and western blots. These antibodies also stain the surface of 

NKG2-D-transfected COS. However, no endogenous expression of NKG2-D has 

been detected in NK cells. 

Recombinant lectin domains secretad by transfected COS have been 

used in attempts to identity cells that express target ligands for NKG2-A and D. 

The proteins were coated onto several types of beads in order to generate a 

multivalent reagent for use in cell binding assays. EBV-transformed B cells 

expressing numerous different MHC haplotypes were examinad, but no binding 

was observad. 
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CHARACTERIZATION ANO TARGET CELL BINDING OF THE NKG2-C RECEPTOR 

Erhard Hofer, Markus Düchler and Fritz H. Bach 

Laboratory of Transplantation lmmunology at VIRCC, Department of Dermatology, 
· University of Vienna, Brunnerstrasse 59, A-1230 Vienna, Austria 

NKG2-C is a member of the NKG2 family of genes and proteins, which are 
preferentially expressed on human NK cells. These potential NK cell receptors 
belong to a superfamily of type 11 integral membrana proteins with a C-type lectin 
domain (1 ,2). Among the NK cell-related members of the superfamily are the 
rodent NKR-P1 and Ly49 familias as well as the recently isolated human NKR-P1 
and CD94 proteins. Since the NKG2 family has sofar been only defined by cONA 
cloning, we have characterized the expressed form of the NKG2-C protein and 
tested the binding of a soluble NKG2-C-receptor to a panel of target and non-target 
cells of NK cell killing (3,4). We provide data that NKG2-C is expressed as a 
glycosylated 36 kD integral type 11 membrana protein by in vitro translation and 
recombinant expression. An identical 36 kD NKG2 protein can be detectad on the 
surface of the human NK cell clone 822 as shown by flow cytometry and 
immunoprecipitation. Further, a recombinant soluble NKG2-C-immunoglobulin 
fusion protein binds specifically to K562 cells, which are target cells for NK cell 
killing, to RPMI 8866 cells, which are feeder cells for NK cells, and to a lower extent 
to Daudi cells, which are LAK targets. Severa! other hematopoietic cell fines tested 
do not show any binding. This suggests that NKG2-C preferentially binds to cells 
which are kriown to interact with NK cells. Moreover, the bir'lding structures on the 
surface of K562 cells rapidly disappear concomitant with a loss in susceptibility to 
killing when the cells are induced to differentiate. The loss of binding is not due to 
an extended change in overall glycosylation, since surface carbohydrates as 
detectad by binding of wheat germ agglutinin and concanavalin A do not change 
following induction. In addition, the specific carbohydrate structures Lewis X and 
Lewis Y, which are implicated in the binding of some proteins with lectin domains, 
were found unchanged. Also the mucin-like CD43 molecule is not reduced 
following induction of the cells. These data suggest the presence of specific target 
molecules for NKG2-C on K562 cells, which are removed from the surface when 
K562 cells initiate differentiation and lose proliferative capacity. In respect of 
binding to target cells which are highly susceptible to lysis by NK cells, NKG2-C 
resembles the rodent NKR-P1 molecules. We propose that NKG2-C mediales a 
specific interaction of NK cells and their target cells with importance for NK cell 
functions. 

(1) Houchins, J. P., Yabe, T., McSherry, C. and Bach, F. H. (1991) . DNA sequence analysis of 
NKG2, a family of related cONA clones encoding type 11 integral membrane proteins on human 
natural killercells. J Exp Med 173, 1017-1020. 

(2) Hofer E., Düchler M, Fuad S.A., Houchins J.P., Y abe T. and Bach F.H. (1992). Candidate natural 
killer cell receptors. lmmunol. Today 13, 429-430. 

(3) DüChler, M., Wohlwend, B., Bach, F.H. and Hofer, E. (1995). Antibodies lo NKG2, a cell surface 
molecule on human NK cells. In: Leucocyte typing V, S. Schlossmann, ed., Oxford University 
Press, pg. 1425-1427. 

(4) Düchler, M., Offterdinger, M., Holzmüller, H., Lipp, J., Chu, C.-T., Aschauer, B., Bach, F.H. and 
Hofer, E. (1995). NKG2-C is a receptor on human natural killer cells that recognizes structures on 
K562 target cells. Eur. J. lmmunol., in press. 
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STRUCTURE AND FUNCTION OF THE CD94 NK CELL LECTIN-LIKE RECEPTOR 
M. López-Botet, J. Pérez-Villar, A. Rodríguez and M. Carretero. 
Servicio de Inmunología. Hospital de la Princesa. Madrid (Spain). 

The CD94 (Kp43) surface molecule is selectively expressed by NK cells and subsets 
of CD8+ rx/3+ and -y.5+ T lymphocytes. Severallines of evidence indicate that signaling via 
CD94 regulates NK cell function. We initially reported that soluble F(ab ')2 fragments of anti 
CD94 mAbs induced LFA-1-dependent homotypic adhesion, TNF production and cytotoxicity 
against human T cell blasts (autologous and allogeneic). More recently we observed that 
CD94-specific mAbs may alternatively trigger, inhibit or unaffect NK cell functions 
(red irected lysis and TNF production) in different subsets of NK clones, revealing a complex 
functional ambivalence of this receptor. The pattern of response of NK clones correlated with 
their surface phenotype, as CD94brisht cells appeared preferentially inhibited in redirected 
lysis , whereas activated clones were included in the CD94dull subset. On an indirect 
experimental basis, it has been proposed that this receptor may participate in repressing the 
cytotoxicity of a subset of CD94brisb• clones , upon specific recognition of certain HLA-B 
alleles (Bw6+) . 

We have explored the effect of anti CD94 stimulation on integrin function . 1L2-
activated NK cell populations or clones were incubated either with soluble F(ab')2 CD94 , 
CD16, CD7 mAbs or with PMA; subsequently, we quantitated their attachment to different 
solid phase-coupled integrin ligands and the effect of integrin-specific mAs was determined 
in parallel. Our results indicate that anti CD94 or CD16 mAbs rapidly (1 h) increased cell 
adhesion to: Fibronectin , type 1 collagen, laminin , VCAM-1 and ICAM-1. The 
responsiveness of different NK clones to anti CD94 in this assay was also variable, and 
dependent on tyrosine kinase activity . Remarkably , the enhanced avidity for integrin ligands 
was observed in CD94brioh• NK cells, .that converse! y were inhibited in redirected lysis by the 
specific mAb, thus indicating that qualitative changes in ligand interaction may determine 
CD94-dependent activation vs inhibition of different NK cell functions . 

CD94 (Mr 70 kDa) is a dimer with two disulfide-linked subunits (Mr 43 kDa) . The 
electrophoretic mobility of CD94 immunoprecipitates was slightly different in clones 
activated in the redirected lysis assay (Mr 40 kDa), ind icating a structural heterogeneity of 
CD94 , that was further supported by comparative SDS-PAGE analysis of deglycosylated and 
V8-digested immunoprecipitates . In collaboration with another group (LL Lanier, DNAX, 
Palo Alto. CA), severa! cDNAs encoding for CD94 have been cloned. They correspond to 
a type 11 membrane protein encoded by a single-copy gene of the C-type lectin superfamily 
located in chromosome 12. All of them display an identical ORF predicting a 180-aminoacid 
polypeptide with a short cytoplasmic domain (7 aa) . SDS-PAGE analyses of the 
deglycosylated molecule immunoprecipitated from CD94 stable transfectants yields a single 
band ( 22 kDa), which does not correspond to the major product detected under the same 
conditions from NK cells ( 26 kDa) . We currently address the possibility the transcriptional 
and/or mRNA processing events may generate different isoforms of CD94 , eventually 
providing structural clues to understand the functional complexity of this receptor. 

References 
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MHC ALTERATION IN TUMOURS. BIOLOGICAL IMPLICATIONS. 

Federico Garrido. Dept. Análisis Clínicos & Inmunología. 

Hospital Virgen de las Nieves, 18014 GRANADA, SPAIN. 

Alteration of MHC Class 1 molecules is a frequent finding in different human 

cancers. Different phenotypes ha ve been defined: .ffi..A total losses, .ffi..A A and B locus 

specific losses, .ffi..A haplotype losses and .ffi..A individual allelic losses. These altered 

MHC phenotypes could represen! a mechanism by which tumour cells evade T cell 

immune responses favoring invasion and metastasis. Altematively the .ffi..A 

downregulation could actívate other immune effector mechanisms such as NK cells. Our 

laboratory is actively involved in defining new phenotypes and the exact frequency of 

these alterations. In recent studies we have shown that sorne tumour types can present 

.ffi..A downregulation in more than 80% of the samples indicating that this phenomenon 

is more frequent than previously detected. Many different mechanisms can produce HLA 

altered phenotypes in tumour cells. Probably any of the steps require for sintezising an 

active HLA j32m-peptide complex can be the target for a particular mechanism 

producing an altered phenotype. Our laboratory is also studing and defining new 

mechanisms that can produce HLA class I losses. Data will be presented from 

experimental and human tumours to answer questions such as: The nature of MHC 

alterations, The timing, The mechanisms, The frequency and the possible clinical 

implications. 

1.- F. Garrido, T . Cabrera, A. Concha, S. Glew, F. Ruiz-Cabello, P. Stem. 

Natural History of .ffi..A expression during tumour development. 

Immunology Today 14, 10, 491-499. 1993. 

2.- F. Garrido. 

MHC molecules in normal and neoplastic cells. 

lnt. J. of Cancer. Suppl. 6, 1, 1991. 

3.- T. Cabrera, F. Ruiz-Cabello, F. Garrido. 

Biological implicantions of HLA-DR expression in tumors. 

Scand. J. of Immunology. 41, 398-406. 1995. 

4.- F. Garrido, T . Cabrera, M.A. López Nevot, F. Ruiz-Cabello . 

.ffi..A class I antigens in human tumours . 

Adv. in Cancer Research. 67, 155-195. 1995. 
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MOLECULAR CHARACTERIZATION OF HUMAN CD94: A TYPE ll MEMI ~ 
GLYCOPROTEIN RBLATED TO THE C-TYPE LECTIN SUPERFAMILY. 

A. Rodrígúez\ C. Chang2, M: eafi.etero1
, J.H. Phillips2

, L. Lanief and M. López· 3otet1
• 

1Servicio de Inmunología, Hospital de la Princesa, Universidad Autónoma de Madrid. Spain, 

and 2Department of Human lmmunology, DNAX Research Institute of Molecu: tr and 

Cellular Biology, Palo Alto, CA. USA. 

We originally characterized the Kp43 (CD94) surface antigen, whose expre: ;ion is 

restricted to human NK cells and a minor T lymphocyte subset. There is eviden :e that 

signalling via CD94 regulates NK cell-mediated cytotoxicity and TNF production. 
Several cDNAs encoding for CD94 were cloned from an NK cell-specifi.c ;DNA 

library in the pJFE14 expression vector using the method described by Aruffo and St: ~ . All 

of them display and identical ORF encoding a 180 amino acid polypeptide (predicted 1 lr- 20 

kD). Its structure corresponds to a type n membrane protein with a 26 amir > acid 
transmembrane domain located near the NH2-terrninus. The extracellular domain 001 tprises 

147 amino acids and contains 2 potential sites for N-linked glycosylation. Remarkat y, the 

cytoplasmic domain of the polypeptide includes only 7 amino acids (1). 
RNA was isolated from the leukemia cellline NK-L and IL-2 dependent poi clonal 

NK cell populations established from two unrelated donors and examined by Northt n blot 

analysis using the CD94 cDNA as probe. Four bands corresponding to transc1 pts of 

approximate1y 5.5, 3.5, l.8 and 0.8 k:b were detected whereas no CD94 transcrip1 . were 

observed in the leukemia cell line RPMI-8866 . Southern blot analysis of genomi• DNA 

revealed a relatively simple restricti.on enzyme pattern indicati.ng that CD94 is encod ~ in a 

single copy gene. The extracellular domain structure indicated that CD94 is a membe of the 

C-type lectin superfamily. By analysis of a panel of human x hamster hybrid cell li 1es we 

determined that the CD94 gene is located on human chromosome 12, as reported fe · other 

members of this superfamily (hNKR-P1A, NKG2 and CD69). Homology of CD5 ~ with 
hNKR-1 (26%) and NKG2 (27%-32%) is limited to the conserved structural motif! in the 

carbohydrate recognition . domain. Human chromosome 12 is the syntenic of mouse 
chromosome 6 where the "NK gene complex" (NKC), comprising the NKR-Pl an• Ly49 
gene families , has been mapped; thus, the data further support the existence of a mman 

NKC. 
Coniparative SDS-P AGE analysis of N-glycanase treated immunoprecipitates fr m NK 

cells and LL288-CD94-transfectants indicated that the major product obtained from N ~-cells 
(- 26 kD) is larger than the LL288 protein (- 22 kD), suggesting the existence of d 'ferent 

isoforms of the molecule. Although we have been unable so far to fmd specific cDN1 s with 

longer open reading frames in an extensive search (RT-PCR analysis, RACE5', sc1 :ening 
of two different cDNAs libraries), we do not exclude the expression of altematively pliced 

CD94 transcripts that may explain the biochemical and functional complexity of CD9~ in NK 
cells . 

(1) Chang C, Rodríguez A, Carretero M, López-Botet M, Phillips JH, and Lanier L. · L995). 

Eur. J. Immunol (ín press). 
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CD94 (KP43)-INITIATED SIGNAL TRANSDUCTION: POSITIVE VERSUS 

NEGA TIVE REGULATORY SIGNALS. Brumbaugh, K. M., Pérez-Villar, J J, Dick, C. J. 

Schoon, R. A., López-Botet, M., and Leibson, P. J Mayo Clinic, Rochester, MN, USA and 

Hospital de la Princessa, Madrid, Spain. 

Little is known about signa! transduction from a set of MHC class 1 recognizing receptors on 

natural killer (NK) cells whose ligation dramatically modulates NK cell-mediated killing. 

Recent evaluations suggest that CD94 (kp43) is a member ofthe C-type lectin superfamily and 

that certain clona! populations ofNK cells (Group A) expressing CD94 are activated 

(cytotoxicity and cytokine secretion) after receptor ligation, whereas other clona! populations 

(Group B) are potently inhibited. We evaluated proximal signals that regulate these altemative 

responses . CD94 receptor ligation of Group A clones induced the rapid activation of 

intracellular protein tyrosine kinases, including the src-family member, lck, and the syk-family 

member, ZAP-70. The downstream regulatory consequences include PI-3 kinase activation, 

tyrosine phosphorylation of PLC-y2, inositol phosphate release, and in creases in intracellular free 

calcium concentrations. In contrast, CD94 receptor Iigation on Group B clones has non e of the 

above noted effects . Rather, CD94 crosslinking ofthese cells inhibits FcR-induced tyrosine 

phosphorylations ofZAP-70 and PLC-y2, the formation ofphosphozeta-ZAP 70 complexes, and 

the release of inositol phosphates. The clona! differences in CD94-initiated signaling were a 

stable characteristic of each of the populations. These results define distil1ct proximal signa) 

events initiated after CD94 ligation, and suggest that clonotypic differences in signaling generate 

fundamentally different immune responses. 
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The human natural Jtiller genetic complex: The c-type animal lectin 
receptor CD94 (Kp43) gene maps to the same region as CD69 gene in human 
chromosome 12p12-13 · 

Authors: 

Antonio Rodr1guez+, Mónica Renedo, Lewis L. Lanier*, Mi ~el 
López-Botet+ and Elena Fernández-Ruiz. 
Unidad de Biolog1a Molecular and +servicio de Inmunolog a, 
Hospital de la Princesa, Universidad Autónoma, Madrid, :pain 
and *oepartment of Human Immunology, DNAX Research Inst tute 
of Molecular and Cell Biology, Palo Alto, USA. 

Abstract 

CD94 (Kp43) is an antigen of the ca 2+-dependent {C- :ype) 
animal lectin superfamily of type II transmem >rane 
receptors. These signal transmitting receptors are 
implicated in the regulation of natural killer (NK) cell 
function and includes other NI< associated genes as N ::RP1, 
NKG2 and CD69. All three genes have been assigned to 1uman 
chromosome 12. 

We report here the assignment of the CD94 gene to 1uman 
chromosome 12 using PCR analysis en a p;:m.el of hams· er x 
human somatic cell hybrid genomic DNA. Fluorescence in situ 
hybridization on human metaphase chromosomes coupled with 
GTG-banding, further localized the CD94 gene to 12¡: l2-13 
region. The CD94 gene is, therefore, located in the 
proximity of the CD69 gene, the first human C-type 1 !Ctin 
gene regionally assigned to this chromosomal region. This 
human genetic region, between VWF and KRAS-2 marker: , is 
syntenic to the distal mouse chromosome 6, where ti e NK 
genetic complex was previously described. 
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SELF-REACTIVE CYTOTOXIC y6 T LYMPHOCYTES IN GRAVES' DISEASE 

SPECIFICALLY RECOGNIZE THYROID EPITHELIAL CELLS 

Marta Catálfamo, Carme Roura-Mir, Mireia Sospedra, *Pedro Aparicio, 

tsabine Costagliola, tMarian Ludgate*, Ricardo Pujol-Borrell and 

Dolores Jaraquemada 

Unitat d'Irnrnunologia, Hospital Universitari Germans Trias i Pujol, 

Universitat Autónoma de Barcelona, 08916 Badalona, Spain, *Dept. de 

Bioquímica e Inmunología, Universidad de Murcia, 30100 Murcia, Spain and 

tiRIBHN, Université Libre de Bruxelles, H6pital Erasme, Route de Lennik 

808, B-1070, Bruxelles, Belgiurn. 

ABSTRACT 

We have isolated and characterized a self-reactive cytotoxic ~o T 

cell line, 158RE.2, originated from the T lyrnphocyte population 

infiltrating the thyroid gland of a patient with Graves' disease. 

Functional data using this cell line demonstrate that ..,o T cells 

expanded in the thyroid tissue specifically recognize a ligand 

expressed by thyroid epithelial cells and cell lines of endocrine 

epithelial origin. The TCR expressed by these ..,o T cells -v .., r/VbS - i s 

unusual in peripheral blood lyrnphocytes and its specificity is clearly 

different from that observed in a high percentage of yb T cells from 

PBL, expressing the cornrnon TCR V¡· 9Vó2. The v.., I/VbS receptor is invol ved 

in the recognition of the ligand e xpressed by the thyroid cells but not 

in the NK-like activity also displayed by 158RE.2. These cells express 

CD8aa dimers which participate in the thyroid ligand recogni tion but 

not in the NK-like activi ty. The epi thelial cell recognition is not 

restricted by classical MHC Class I or Class II molecules, although the 

CD8aa participation in the recognition suggests the involvement of non

classical MHC molecules. These are the first data so far of self -

reacting yb T cells in human epitheliurn. 
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TRANSCRIPTIONAL REGULATION OF THE GENE ENCODING THE HUMAN C
TYPE LECTIN RECEPTOR AIM/CD69. FUNCTIONAL CHARACTERIZATION OF 
ITS TNF-a RESPONSIVE ELEMENTS. 

By Manuel López-Cabrera*, and Francisco Sánchez-Madrid. 
From the Servicio de Inmunología and *Unidad de Biología Molecular, Hospital de la 
Princesa and Universidad Autónoma de Madrid. 28006 Madrid. Spain. 

The human activation antigen CD69 is a member of the C-type animal lectin 

superfamily that functions as a signal-transmitting receptor. Although the 

expression of CD69 can be induced in vitro on cells of most hematopoietic lineages 

with a wide variety of stimuli, in vivo it is mainly expressed by T lymphocytes 

locared in the inflammatory infiltrares of several human diseases. To elucidate the 

mechanisms that regulate the constitutive and inducible expression of CD69 by 

leukocyres, we isolared the promoter region of the CD69 gene, and carried out irs 

funtional characrerization. Sequence analysis of the 5'-flanking region of the CD69 

gene revealed the presence of a porential TATA elemenr 30bp upstream of the major 

rranscriprion iniriation site and several putative binding sequences for inducible 

transcriprion facrors (NF-kB, AP-1 , Egr-1 ), which might media te the inducible 

expression of this gene. Transient expression of CD69 promoter-based reporter gene 

constructs in K562 cell line, indicared thar rhe proximal promorer region spanning 

from -78 to +16 contained the cis-acting sequences necessary for basal and PMA

inducible transcriprion of CD69 gene. The removal of the upstream sequences 

located between -78 and -38 , resulted in a decreased promoter srrengrh and 

abolished rhe response to PMA. We also found thar TNF-u is capable to induce the 

surface expression of CD69 molecule, as well as the promoter activiry of fusion 

plasmids rhat con rain S '-flanking sequences of rhe CD69 gene, suggesring rhar this 

cyrokine may regulate in vivo rhe expression of CD69 antigen. In addition, 

corransfection experimenrs demonstrated rhat the CD69 gene promorer can be 

acrivated the NF-kB family members e-re! and reJA. The deletion of rhe sequence 

spanning from -255 to -170 abolished borh rhe response to TNF-a and rhe rrans

acrivation by NF-kB. These resulrs indicare thar the NF-kB binding sire located ar 

position -223 is necessary for rhe TNF-a-induced expressión of the CD69 gene. 

Mobility shifr assays showed the two NF-kB motifs locared in the proximal promoter 

region (-223 and ~160) bind variuos NF-kB-relared complexes including rhe 

hererodimers pSO/ relA and pSO/c-Rel, and homodimers of PSO (KBFl) and reJA. Our 

findings help ro understand the regulated synthesis of CD69 in vivo and suggest thar 

TNF-u has a key role in the expression of rhis molecule a the sires of chronic 

inflammation. 
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REVERSAL OF IL-2-ACTIVATED NK CELL KILLING OF TUMOR, AND 
ALLOGENEIC, BUT NOT SYNGENEIC TARGETS BY PERTUSSIS TOXIN (PT) 
OR CHOLERA TOXIN (CT)·. A. A. Maghazachi. J . T. Vaaqe. C. Naper. K.-M. 
Torqersen and· B. Rolstad. Qepartment of Anatomy, Univ. of Oslo, Norway. 

In the present communication, we examinad the role of G proteins in rat IL-2-
activated NK cell recognition of various neoplastic and normal target cells. Effector 
cells were generated from the strains PVG, PVG.R8 and PVG.1 U with different 
MHC on the PVG background. The tumor culturad cell lines YAC-1, P815, G1, ahd 
MADB106, as well as Con-A activated MHC-compatible and incompatible cells 
were used as targets. Pretreatment of the effector cells with either PT or CT 
reversed their killing of all tumor and allogeneic target cells. However, such 
treatment did not reversa their inability to kili syngeneic target cells. These results 
are the first to show that recognition of tumor cells as well as non-self molecules by 
rat IL-2-activated NK cells is coupled to G proteins. However, recognition of self 
molecules is not coupled to bacteria! toxin-sensitive G proteins, suggesting that NK 
recognition of non-self molecules utilizas different signaling pathway than the 
putativa recognition of self MHC molecules. Supported by the Norwegian Cancer 
Society. 
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Role of the MHC class 1 subunits in NK cell development 

Margarita Salcedo 1, Petter H6glund1, Luc Van Kaer2, and Hans-Gustaf 
Ljunggren 1 

1 Microbiology and Tumor Biology Center, Karolinska lnstitute, S-1 04 01 
Stockholm, Sweden and 2Howard Hughes Medical lnstitute, Department of 
Microbiology and lmmunology, Vanderbilt University School of Medicine, 
Nashville, TN 37232, USA 

We have addressed the role of individual MHC class 1 subunits as well 
as MHC class 1 bound peptides in the development of NK cell specificities. 
Targeted disruption of genes affecting MHC class 1 (H-2b) cell surface 
expression influences development of NK cells. Such mutations include 
TAP1, b2m and combined TAP1/b2m deficiencias. NK cells in such mice are 
normal in numbers, readily kili YAC-1 cells, but are tolerant towards 
endogenous Con A blast targets and bone marrow grafts. 

Although TAP1, b2m, and TAP1/b2m mutant mice superficially appear 
similar, expression of class 1 molecules differs between the three types of 
mice: Mice devoid of b2m express low numbers of class 1 heavy chains. Mice 
devoid of TAP1 express low numbers of class 1 heavy chains complexed with 
b2m, either totally devoid of peptide, or occupied by peptides that are 
delivered to the class 1 molecules independent of the TAP complex. Mice 
devoid of both TAP1 and b2m lack serologically detectable levels of class 1 
molecules. 

lnitial comparative analysis of NK cell specificities in such mice 
revealed that NK cells that develop in b2m mutant mice kili target cells from 
TAP1/b2m mutant mice. These results indicate that NK cells can be selected 
and acquire a specificity when selected on free class 1 heavy chains devoid of 
b2m, and that free class 1 heavy chains can mediate protection from NK cell 
mediated lysis. Furthermore, the data indicate that even very low levels of 
MHC class 1 expression may be able to shape the NK cell repertoire. 

To address the role of MHC class 1 bound peptides, we have studied 
the specificity of NK cells that develop in mice harboring bm mutant class 1 
alleles. Such bm mutant class 1 alleles are presumed to be very similar to the 
corresponding wild type alleles with regard to 30-structure while they harbar a 
different peptide repertoire in the antigen binding cleft. Preliminary data did 
not reveal any differences with respect to development of NK cell specificity 
imposed by a bm mutant peptide repertoire compared to that 'ot the wild type. 

Based on these and other results we will present a model 
encompassing the role of individual MHC class 1 subunits in shaping the NK 
cell repertoire in vivo. 
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NKR-Pl CROSSLINKING ON NA 11JRAL Kll..LER CELLS INDUCES CYTOSOLIC 
AND PHOSPHOLIP ASE A2 ACTIVITIES 

M.G. Cifone. C. Festuccia. L. Cironi. P. Roncaioli. A. Meccia.@ D. Botti and 
#A. Santoni. Departments of Experimental Medicine and @Cellular 
Biology and Physiology, University of L'Aquila; Department of 
Experimental Medicine and Pathology, University "La Sapienza", and 
#Laboratory of Pathophysiology, Regina Elena Cancer Institute, Rome 

Severa! evidence clearly implicates NKR-Pl protein in the events leading 
to the NK-mediated tumor cell killing process and suggests that it may 
contribute to target cell recognition by NK cells. Perturbation of NKR-Pl 
has been shown in fact to stimulate PI turnover and intracellular Ca2+ 
mobilization, to induce granule exocytosis and to mediate redirect lysis 
by NK cells against FcyR+ target cells. We have previously reported that 
PLA 2. the enzyme which catalyzes the hydrolysis of phospholipids at the 
sn-2 position to yield fatty acid and lysophospholipid, is involved in NK 
cell activation and cytolytic functions. In this work we characterize the 
P LA 2 isoform demonstrating that NKR-Pl triggering induces the 
activation of both a type 11 secretory and a type IV cytosolic PLA2 in 
freshly isolated rat NK cells. Our results also show that sPLA2 is released 
from NK cells upon NKR-Pl crosslinking and mobilizes arachidonic acid 
which is then further metabolized through both cycloxygenase and 
lipoxygenase pathways. The involvement of PLA2 on NKR-Pl-induced 
cytotoxic functions . was further investigated. Treatment of effector cells 
with the sPLA2 inhibitor, para-bromophenacylbromide, or with the 
cPLA2 inhibitor, AACOCF3 inhibited the redirected lysis against - P815 
target cells, and the granule content release induced by NKR -Pl 
crosslinking suggesting a crucial role for these enzymes in the induction 
of lytic activity of NK cells. Our results strongly suggest that cytosolic 
and secretory PLA2 activation which takes place after NKR-Pl triggering, 
represents a crucial signaliing pathway in the NK cell activation. 
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IDENTIFICA TION OF "GROUP O" NK CLONES WHICH RECOGNIZE ALL HLA-C 
ALLELES VIA TWO INDEPENDENT p58 RECEPTORS 

M. VITALE, S. SIVORI, L. SANSEVERINO, D. PENDE, L. MORETTA andA . 
MORETTA. 

I.S.T. and C.B .A. Genova, Istituto Istologia ed Embriol. Univ. Gen ova, 
Istituto Patología Gen. Univ . Genova, Dipartimento di Scienze 

Biomediche e Biotecnologiche Univ . Brescia - ITALIA 

A new group of NK clones (group 0) has been defined which fails to 
lyse all of the normal allogeneic target cells analyzed . Their 
specificity for HLA-class 1 molecules was suggested by the ability to 
lyse class 1-negative target cells and by th e fact that they could 
lyse resistant target cells in the presence of se lected anti-class 1 
mAbs. The use of appropriate target cells represented by either 
HLA-homozygous cell lines or cell transfectants revealed that these 
clones recognized all the HLA-C alleles . Indirect 
immunofluorescence and FACS analysis revealed that the presently 
defined group O NK clones expres s the GLI83+EB6+ phenotype. 
MAbs directed to either GL 183 or EB6 molecules were able to 
reconstitute lysis of .these clones against Cw3+ or Cw4+ target cells 
respectively, thus demonstrating that EB6 molecules could 
recognize Cw4 and related alleles . while the GLI83 molecules 
recognized Cw3 (and related C alleles) . 
These data suggest that the GL 183 and the EB6 molecules can 
function, in individual !'IIK clones, as independent receptors for two 
different groups of HLA-C alleles, (which include all known alleles 
of locus C). thus resulting in their inability to lyse all normal HLA 
C + target cells. lt is of note that, as group O clones, also group 2 
clones (in spite of their inability to recognize Cw4) express the 
GLI83+EB6+ phenotype . However FACS analysis revealed that, 
while group O and 1 clones brightly express EB6 molecules 
(EB6bright), group 2 clones express an EB6dull phenotype . 
A likely explanation for these findings could be that the density of 
EB6 receptors may be chritical for the generation. of an optimal 
negative signa! upon interaction with appropriate HLA-C alleles. 
An alternative explanation for the low EB6 fluorescence intensity 
detected in group 2 NK clones could be that in these clones anti-EB6 
mAbs may bind (with low affinity) to epitopes expressed by GL183 
molecules . This would also provide an explanation for the fact that 
also anti-EB6 mAbs are able to reconstitute Cw3+ target cell lysis by 
group 2 NK clones. 
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Santisteban and J. L. Castrillo. 
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Instituto Juan March (Madrid)

The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

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

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

From 1988 through 1994, a 
total of 70 meetings and 6 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

werc organized within the 
scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 25th through the 27th of September, 1995, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 400 copies 
of this volume, available free of charge. 


