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INTRODUCTION 

At one time, leukocyte antigens were a tangle of cell-surface 

markers, many of which could be identified only in one laboratory; they 

were then organized into a system with the appearance of a well regulated 

and orderly series of membrane ~~tigens of little interest outside trans-

plantation biology. With little warning in the mid-70's, HLA became one of 

the most precise of all tools for the anthropologist, and now a new horizon 

of biologic functions and involvements in disease is opening up. Like 

Topsy, it has "just growed" and like Pandora's box, it continues to offer 

\IDlooked for and sometimes unwanted surprises. 

The most complete early description of human lymphocyte antigens 

was given by Van Rood in a Journal of Clinical Investigation article in 

1963 (1) based on his doctoral thesis (2). Table I lists some of the 

significant events in the history of Hl.A and shows that in roughly 25 

years, the system has grown and become ever more precise, particularly in 

the last five years, as the complete primary structures of many of the 

components of this major multigene family in man and other animals has been 

elucidated. 

Interest in the human MHC has been intensified and broadened in 

appeal particularly to the field of medicine with the remarkable associa-

tion of particular HLA antigens with certain diseases. More recently, 

innovative methods have been developed for the study of the biochemistry of 

these antigens as integral membrane components. Antigens controlled by the 

MHC are implicated in the regulation of T cell and B cell differentiation; 
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TABLE I 

SIGNIFICANT EVENTS IN TifE HISTORY OF Hl.A 

Leukocyte-agglutinating antibodies are found in the sera of 
multitransfused patients and many multiparous women. 

The first human lymphocyte antigen (now HLA-A2 and A28) 
is described. 

The first allelic lymphocyte antigenic system is described. 

The mixed lymphocyte culture (MLC) assay is developed as an 
in vitro example of primary immune recognition. 

Miniaturization of the lymphocytotoxicity test and the 
introduction of rabbit complement establishes a rapid , 
reproducible microtechnique, which replaces leuko
agglutination . 

First evidence of the relevance of leukocyte antigens to 
skin transplantation and· the use of Hl.A matching within 
families for kidney transplants. 

Two HLA loci are established, one called the First or LA 
locus (now Hl.A-A) and the Second or Four locus (now HLA-B). 

First demonstration of a third locus, Hl.A-C, which is also 
detectable by lymphocytotoxicity. 

First demonstration that a fourth locus, now HLA-D, 
controls immune recogition in the t1LC. 

Discovery of Hl.A-DR antigens. 

Linkage between HLA and the complement component Bf noted; 
later C2 and C4 are linked 

First complete sequence of an Hl.A molecule. 

First complete sequence of a DR molecule. 
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other MHC-linked genes govern the ability co mount a humoral 

or cellular linmune response against bacteria, viruses, or transplanted 

allogeneic cells or organs. The products of the MHC, both cell membrane 

molecules and plasma proteins, are involved in limnunologic communication 

and cell-cell interactions which maintain the integrity and well being of 

the Unillunologic system of an individual and possibly represent a major 

mechanism for self-recognition (3). Much of the structure, genetics and 

serology of the three major transplantation antigens of the human MHC, 

HLA-A, -B and C, has been reviewed here before. Today I would like to 

focus on the "fourth" locus of the human MHC, the HLA-D region, also the 

subject of a recent Grand Rounds (4). A few comments about the whole gene 

complex are in order before we proceed. 

The human major histocompatibility complex, called the HLA region, 

is located on the short arm of chromosome six (Figure 1). To date, this 

region is known to code for about ten cell surface proteins and at least 

three serum complement components. However, by its sheer size, the HLA 

region could accommodate the structural genes for many more proteins. The 

HLA-controlled cell surface antigens are highly polymorphic, both 

serologically and structurally. This polymorphism is thought to be 

essential for the function of these molecules. 
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Figure 1 • The regioo of the htnnan sixth chromosome contammg the major 
histocompatibility complex. The subject of this Grand Rounds is the futher 
complexity of the D region. The distances are based on recombination --rre=
quencies and are referred to as centimorgans. 

The HI.A-A, -B and -C region antigens, referred to as Class I mole

cules, are composed of two subunits. The 44,000 dalton heavy chain is an 

intrinsic membrane glycoprotein which is MHC encoded and structurally 

polymorphic. It is associated noncovalently with beta-~NO microglobulin, 

an extrinsic, invariant protein which is encoded an chromosome 15. In the 

mouse, where a similar gene complex has been studied, the chromosome loca-

tions are 17 and 2, respectively. The HI.A-A and -B antigens are analagous 

in structure and function to the murine H-2D and H-2K antigens. Class I 

molecules are expressed on all cell types except red blood cells. The 

complete amino acid squence of several of these proteins has been 

determined. 
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The HLA-D region antigens, referred co as Class II molecules, are 

also composed of two subunits, both of which are intrinsic membrane 

proteins. They are expressed primarily on lymphoid tissue. The structure 

of these molecules and the complexity of the HLA-D region are the subject 

of this Grand Rounds. 

The early complement components encoded within or near the 11HC are 

referred to as Class III molecules. Colleotively, they represent the C3 

converting enzymes of the classical (C2 and C4) and alternative (B) 

complement pathways. 
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REVI&l OF THE HI.A-A, -B AND -C ANTIGENS (CLA.SS I MOLECULES) 

The complete primary structure of several histocompatibility anti

gens has become available within the past four years (5-10). These struc

tures were accomplished by amino acid sequencing and recently by analysis 

of the DNA itself (11, 12). A schematic depiction of the structure of these 

molecules is shown in Figure 2. They are composed of tw:J chains: the 

large glycoprotein subunit encoded on the sixth chromosome has a size of 

44,000 daltons and traverses the cell membrane; the small, non-covalently 

associated subunit, beta-two microglobulin is encoded on chromosome 15, and 

has a size of 11,500 daltons. The large chain can be divided into five 

regions: 

1 • An N-terminal region (termed alpha-1) with a molecular weight 

of about 13,500 which bears the single glycan moiety of the molecule 

but has no disulfide loops; 

2. A second region (termed alpha-2) with a molecular weight 

of about 10,500 which has an internal disulfide bridge; 

3. A third region (termed alpha-3) which also has a molecular 

weight of about 10,500 and also has an internal disulfide bridge 

(the first three regions are outside the cell membrane); 

4. A fourth region (termed Thl) of about 3,000 daltons <.vhich is the 

hydrophobic, intramembraneous portion of the molecule, and finally 

5. A small hydrophilic region of about 3,500 daltons which is 

intracytoplasmic and may interact with cytoskeletal elements. 
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The extracellular regi ons are probably folded into domains '~th a 

beta pleated sheet structure, as is beta-two microglobulin. Several mole-

cules of both the HIA-A and HIA-B loci have been sequenced and they differ 

one from the other in about 10% of their amino acid residues. The human 

' molecules are about 75% homologous to the analogous murine antigens. 

There are certain regions of all transplantation antigens 

(particularly in the alpha-! domain) that are particularly variable and are 

thought to be responsible for the allo&1tigenic sites. Similar regions 

exist in similar positions in the murine H-2 molecules. 

ALLOAN TIGEN IC 
SITE(Sl 

5 eH 
~~>~ 
~ H/s.O) ) CYTOPLASM 

~H 

Figure 2. Schematic 'representations of major transplantation antigens. 
The heavy chain is MHC encoded, while the smaller subunit, beta-2 micro
globulin is encoded on a different chromosome. (from reference 13) 
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Studies had revealed a number of similarities between The HLA-A and 

- B antigens and immunoglobulins, a point of considerable evolutionary 

interest in view of the possible role of histocompatibility antigens as 

cell-bound defense molecules and of immunoglobulins as circulating defense 

molecules. Once the complete amino acid sequence of these molecules was 

available, it was possible .to compare their sequences to all sequenced 

proteins using a computer program designed to detect such evolutionary 

relationships. Only b,e region containing the second disulfide loop (the 

so-called alpha-three region) shows significant sequence homology to other 

proteins, that is, they have highly significant sequence homology to 

immunoglobulins. It has been predicted that this region folds into a beta 

pleated sheet similar to immunoglobulin domains and is probably the region 

of the HLA molecule that interacts with beta-2 microglobulin. 

Biosynthetic studies of these molecules both in man and mouse have 

demonstrated conclusively that they are intrinsic membrane proteins . Work 

at t.~e DNA level in both species has now reached the point where we should 

soon have available the genomic strJctures of virtually all of the relevant 

molecules. 
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'lliE HI.A-D REGION 

I. Introduction 

The human MHC also controls the expression of a series of antigens 

controlled by the HIA-D region, vkiich is the subject of this Grand munds. 

These antigens and the analogous murine Ia antigens are found primarily on 

B lymphocytes and monocytes and, thus, they are of particular interest to 

immunologists. Normal resting T cells express little or no HLA-D antigens, 

but on activation they synthesize them. The murine _!_ region is known to 

encode at least two Ia antigens (14) and evidence na.v suggests that in man 

there are not two but at least three and probably four distinct loci which 

encode these crucial membrane glycoproteins. 

II. Characterization of the DR Complex (Class II Molecules) 

A. Subunit Composition 

The DR antigen is composed of two noncovalently associated sub

units, a heavy (alpha) chain with a molecular weight of 34,000 and a 29,000 

molecular weight light (beta) chain (Figure 3). Cross-linking studies have 

established that the stoichiometry of the subunits of the DR complex is 

1 : 1 • There is no evidence for the formation of dimers of the same chain or 

of tetramers (Figure 4). 
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Fi~e 3. SDS polyacrylamide gel electrophoresis of Unnlinoprecipitated 
ra~labeled DR antigens from a human EBV-transformed lymphocyte cell line. 
Molecular weight markers (irmn.moglobulin heavy and light chains) are indi
cated by the arrows. The chains migrate with a molecular weight of approx
imately 34,000 and 29,000. (from Hurley et al., reference 15). 

34,000 

29,000 

a 

Figure 4. Minimal model of the lll.A-DR oolecule. The two chains are of 
34, 000 and 29,000 molecular weight. They are non-covalently associated as 
a s ingle complex. Neither dimers nor tetramers have been found. 
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B. Association with the Membra.'1e 

The DR alpha and beta chains are intrinsic membrane proteins. 

Vectorial labeling of inside/out membrane vessicles with lactoperoxidase 

has demonstrated that both chains spa.'1 the lipid bilayer (16) . Several 

experiments have established that it is the carboxyterminal portion of eac..~ 

chain which is membrane associated. If enzymes such as papain are utilized 

to isolate DR antigens, only their amino terminal portions are recovered. 

However, when non-ionic detergents such as NP40 are utilized to isolate DR 

antigens the carboxyterminal portions of the molecules are recovered as 

well (17). The C-terminal region of the molecule has been shown to be 

extremely hydrophobic further suggesting that this is the region of each 

chain vtlich is embedded in the membrane. This is further supported by the 

observation that the DR alpha and beta chains are labeled with the photo

activatable lipophilic reagents adamantane diazirine and hexanoyldiiodo

N-(4-azido-2-nitrophenyl) tyramine. These reagents partition into the l ipid 

bilayer and upon photoactivation will covalently label the membrane 

embedded portion of a protein, The label is lost from both chains after 

the penultimate peptides are removed with papain. 

The DR alpha chain can be labeled in vivo with 32p orthophosphate 

in this same C-terminal region of the molecule. This indicates that 

phosphorylation of the portion of the DR alpha chain exposed to the 

cytoplasm occurs. However, unlike the HIA-A and - B heavy chains which are 

essentially quantitatively phosphorylated, only about 10-20% of the DR alpha 

chains are labeled with phosphate. There is no evidence that the subpopu-
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lations of DR molecules which I will discuss below are pre~erentially 

phosphorylated. A small fraction of the DR alpha chains can also be 

labeled with 3H-palmitate as can HLA-A and -B heavy chains. Similar pose-

translational modifications occur in a variety of intrinsic ~brane 

proteins but their significance is not known . 

a f3 

PLASMA 
MEMBRANE 

I CYTOPLASM I 

Figure 5: The presumed arrangement of the HLA-DR alpha and beta chains 
near the membrane. A portion of each chain traverses the membrane and a 
portion of each chain extrudes into the cytoplasm. The alpha rut not beta 
chain can be phosphorylated as well as labeled with palmitate . ® referes 
to sites of cleavage by the enzyme papain. Adapted from reference 16 . 
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C. Carbohydrate Moieties 

Both chains of the DR molecule are glycosylated. The alpha chain 

has one high mannose and one complex N-lini<ed oligosaccharide. The beta 

chain has one complex N-linked oligosaccharide. The location of the ~rbo-
hydrate moieties on each chain is shm·i!l in Figure 6. Note t.'lat each of the 

complex carbohydrates is located within a disulfide loop while the high 

mannose moiety, located on the alpha chain, is not. 

PLASMA 
--~uullll~--~~~-MEMBRANE 

a /3 

Figure 6. Schematic representation of the DR molecule showing t.l:le two
chain structure, carbohydrate moieties, the disulfide bonds and its rela
tionship with the plasma membrane and cytoplasm. Note the phosphorylation 
site on the alpha chain within the cytoplasm. There is also a free 
sulfhydryl group within the hydrophobic portion within the plasma membrane. 
Adapted from reference 16. 



III. Biochemical Nature of DR Polymorphism 

It was known f rom genetic analyses that there were a minimum of ten 

alleles tha~ mapped to the Q region of the human major histocompatibility 

complex. When it became apparent that the DR antigen was a two chained 

molecule, it was not known whether both chains or cnly one was encoded 

wit:,.'1in the complex nor was the kind or extent of polymorphism known. In 

general, there are two types of polymorphism that can be described in pro

teins. In what is referred to as simple polymorphism, the allelic products 

d[ffer by one or a t most a very few amino acids and typically the varia

tions are located in a particular region of the molecule. The vast 

majority of known polymorphic sys tems are of this type . A more recently 

described type of polymorphism is refened to as complex polymorphism and 

the histocompatibility antigens and L~e DR antigens (particularly the beta 

chain) are of this type. That is, Li-leir amino acid sequence variation is 

extensive from allelic product to allelic pr oduct and the variations 

typically ~~tend throughout the molecule. 

As mentioned above, the HI.A-DR locus has at least ten well defined 

alleles. The strucDJral basis of their serologically defined polymorphism 

has been investigated by two-dimensional (2-D) gel electrophoresis, peptide 

mapping and more recently by complete amino acid sequence and/or ~~ 

sequence analysis (19-26) . These studies have demonstrated that DR alpha 

chains are largely invariant although recent evidence indicates they are 

encoded wiLi-lin the major histocompatibility complex. 
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DR beta chains are highly polymorphic in the complex fashion 

described above, that is, there are multiple amino acid differences 

between the different allelic beta chains. An example of peptide map 

differences between DR beta chains is shown in Figure 7 which shows that 

the radiolabeled tryptic peptides of the DR beta chains derived fr~n two 

different cell lines expressing DR molecules of differing alleles have 

virtually no coincident peptides. 

Figure 7. Ion exchange chromatography of tryptic digests of the mixture of 
beta chains from 3H - lysine-labeled PRIESS (DR4) and 14c lysine labeled 
23.1 cells (DRS). Virtually none of the peptides are coincident in this 
comparison (from reference 25). 
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When such comparisons were made between all possible combinations 

of DR beta chains from different alleles (that is, for example, DR1 vs. 

DR2), it was found that essentially all the beta chains varied, while, 

when they were compared within alleles (that is, for example, DR1 vs. DR1) 

the peptide patterns were identical. This supports the view that the 

allelic products of the beta chain locus are encoded by the major histocom

patibility complex (that is, the region of chromosome six previously 

defined by the serologic specificities, "DR", and the MLC reactivity

"D"). The limited amino acid sequence data available at present suggests 

that the variation (as predicted by the peptide mapping data) extends 

throughout the chain. 

The evidence that the alpha chain is also encoded within the major 

histocompatibility complex is more circumstantial. In the first place, the 

murine I-E alpha chain which by amino acid sequence analysis is homologous 

t o the human DR alpha chain, has been unequivocally mapped to the H-2 com

plex and more specifically to ~~e l region both by peptide mapping analysis 

and serologic studies as well as more recently by DNA analysis (27). 

Secondly, while the studies are less convincing, peptide mapping analysis 

in humans suggests that there are a few peptides which vary from allelic 

product to allelic product, arguing the HLA linkage of the alpha chain. 

Finally, the alpha chain has been localized to the human sixth chromosome 

by two groups using different techniques. One study used in situ hybridi

zation and actually located the DR alpha chain centromeric to the HLA-A 

heavy chain (Strominger, personal communication). 
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IV. Primary Structure of the DR Ant:igen 

A. Structure of the DR alpha chain 

The complete amino acid sequence of a DR alpha chain has been determined 

by both protein and DNA analysis (28-32). At the present time, there is 

no definitive evidence that DR alpha chains vary from individual to indi

vidual. Tne sequence is about 60% homologous to that of the llllrine I-E 

alpha chain. The alpha chain has one disulfide bond in the region referred 

to as the alpha-two domain of the HIA-DR heavy chain. The amino acid 

sequence in this domain is highly homologous to constant regions of immune-

globulins as well as to the alpha-three domain of HLA antigens. Figure 8 

shows a schematic view of the alpha chain. 

Figure 8. Amino acid sequence of the DR alpha chain sh= schematically in 
the one letter code. CHO: Carbohydrate moiety. S-S: Disulfide bond. 
(from reference 31). 
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B. Structure of the DR beta chain 

The complete amino acid sequence of the beta chain of DR antigens 

has been achieved in several laboratories both by protein and DNA 

sequencing (33-35). The beta chain contains four cysteines which form two 

disulfide bridges. The external domains (the portions of the chain outside 

the cell) are referred to as alpha-one and alpha-two. The alpha-two 

domain has been shown to have :3!llino acid sequence homology to immunoglobu

lins and beta-2 microglobulin. The single carbohydrate moiety described 

earlier has been definitively shown to be attached to asparagine 19 in the 

DR beta chain at a typical carbohydrate acceptor site sequence ASN-GLY-THR. 

The DR beta chain also shows considerable homology to the beta chain of 

the I-E molecule of the mouse with about 70% sequence homology. 

The second half of the DR beta chain displays extensive homology 

to immunoglobulin constant regions, in particular the third constant domain 

(CH3) of IgG. As mentioned above, tl1e DR beta chain also has sequence 

homology to the third domain (alpha-3) of HI.A-A and -B and murine H2-D and 

-K heavy chains, and to human beta-2 microglobulin. These extensive 

homologies are ill·~trated in Figure 9. Sequence gaps have been added to 

maximize homology. While the overall homology is only 25 to 30%, the 

impressive part of the data is that the amino acids which are preserved 

among different immunoglobulin domains seem to have been preserved in the 

histocompatibility antigens, beta-two microglobulin and botll the alpha and 

beta chains of the DR antigens. For example, at 31 positions of the Ig 

constant domain sequence, one residue appears in at least 50% of all 
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sequences determined in all species. Eignteen cf these conserved 

positions are identical in the DR beta chain sequence . In particular, the 

same residues corresponding to DR Cys 117, Pro 124, Trp 131, Cys 172, Val 

174 and His 176 are identical in 80% of the lg constant domains. 

ll H-Ii 
DC! 
DR-L 
HI.A-87 
Jl.,m 
CH,J 

UR-H 
DC! 
DR-L 
HLA-87 
~m 
CH ,3 
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v alP x v - 1 v v P s x r o P L o H H N L L v c s!Yls •1F v P 6 s~EIY]R w n - o~o AG 
,, D P P K - r II v I H H P I S D H E A T - RIC W A L , f Y P A E I 1 l 1 W Q R • 0 - D 0 1 0 
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N~ K : T~PV LDSDGS~f~Y!K~ T ~DKSRWPEGNV~ S ~S~K EALHN~Y~OK$~ 

fx3 b4 fx4 bS fy2 . b6 fy3 

Figure 9. Comparison of the amino acid sequence of the alpha- 2 domain of 
HLA-DR alpha chain to Ig-like domains in DC1 alpha chain, HLA-87, rtLA-DR 
beta chain, beta-2m and Ig CH 3. The alignments are made to illustrate 
those features that are held in colllDon lvith the structure of an immunoglo
bulin C region determined by x-ray crystallography. The underlined seg
ments refer to stretches of beta pleated sheet, whereas underlined residues 
refer to those amino acids that reside in the interna l por tion of the 
folded Ig domain. (from reference 32) 

In summary, the C-terminal half of DR beta chain (and of DR alpha 

chains), the third domain of HLA antigens, and human beta-two microglobulin 

all have significant sequence homology to immunoglobulin constant region 

domains especially at the conserved residues important in the secondary and 
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tertiary folding of G~e Ig domain. All five sequences have a disulfide 

loop of approximately the same size . In addition, HLA-A and -B antigens 

and beta-two microglobulins have beta sheet secondary structure. These 

data support the hypothesis that all of these domains arose by gene 

duplication and sequence divergence of a camnon ancestral gene. 

V. The DR Antigen Probably Consists of a Single Aloha Chain but Several 

Different Beta Chains 

So far the evidence presented indicates that there is a single 

alpha chain and single beta chain both of which are encoded by genes in the 

HLA-D region and together they fonn the DR molecule. However, several 

lines of evidence suggest that, in fact, there are multiple beta chain loci 

providing further complexity for the system (36- 38). The earliest evidence 

was derived from two-dimensional gel electrophoresis utilizing monoclonal 

antibodies directed to the DR molecule. In several laboratories, multiple 

beta chain spots were noted. Later , G~ese different beta chains were 

isolated from presumably homozygous cell lines and primary structural data 

was obtained on the separated chains. Each was different. Later complete 

amino acid sequence analysis was performed on pool ed beta chains and 

multiple amino acids were noted in several positions. Finally, aPalysis at 

the DNA level utilizing beta chain probes suggests that there are multiple 

genes encoded in the germline which hybridize to the same beta chain probe. 

l~ile it has not been definitively demonstrated that each of these genes 

detected by DNA probes is expressed, the clear indication from previous 

work suggests d1at at least some of them are . 
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We might then ask if each of the be t a chai ns included in the DR 

complex, are encoded on the human sixth chrorrosome or, encoded elswhere? 

The definitive experiments to answer this question have not been done but 

based on the observed two-dimensional gel polymorphism, the limited 

sequence analysis available on proteins derived from different HLA-DR 

homozygous cell lines, preliminary evidence suggesting linkage of diff erent 

beta chain genes by DNA analysis, as well as recent evidence at ~~e ~~ 

level in the mouse, strongly argues that each of the beta chains are 

separately encoded within the HLA-D region. 

The number of different beta chain loci is s till unclear but a 

minimum of three seems necessary to accomodate the available data. The 

model presented in Figure 10 which derives in part from the work of Dr. 

Carolyn Hurley in rur laboratory, shows a hypothetica l arrangement ,,nth a 

single DR alpha chain and three DR beta chains. wnether all normal indi-

viduals actually express the gene products of these three beta chain loci 

is not known. There is some evidence in the mouse, for example, t o 

suggest that there may be null alleles~ Finally , it should be apparent 

that the ordering of the genes is conjectural a lthough the definitive gene 

order should be available in the near future. 

There is a fair possibility that differences between DR serologic 

typing vs Q region typing which is performed by the mixed lymphocyte 

reaction may be accounted for by these multiple beta chain loci. 
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It is fair to point out that there is some evidence, albeit not 

compelling, that there a re additional DR alpha chain loci as well, but most 

investigators at this point have reinterpreted the evidence for multiple 

alpha chain loci in light of the SB and DS molecules that we will turn co 

at this point. 

• 
GLO 

I 
DR 8 

* I 

Figure 10. The HLA-D region is thought to consist of at least four loci. 
A single alpha locus along •.vith three beta chain loci. Neither the order 
of these genes nor their presence and/or expression in all normal indivi
duals has been definitely established. 
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TilE SECOND D LOCUS (HB/Ml'/OC/00) 

I. Introduction 

Evidence that a second locus existed within or near the HLA-D 

region in man has been available for several years. Serologists estab

lished certain disease associations that were difficult to map to either 

the HLA-D or the HLA-B regions. At about the same time, several enormously 

complex serologic systems were described from several laboratories that 

were called the OC, HE, MT, Te and BR supertypic specificities (see Table 

II). Each of these specificities had one thing in common- they were 

typically associated with some but not all DR specificities (39-42). TWo 

schools of thought emerged early. One view was that particular DR anti

gens, for example, DR4 and DRS molecules, had certain antigenic determi-

nants in CO!IIII0!1 and, as such, antisera could be raised that could recognize 

DR4 and DRS but no other DR oolecules. They were tenned supertypic speci

ficities because they clustered different DR antigens with single anti-

serum. A second interpretation of these specificities was that separate 

gene products -closely associated with DR but present on distinct mole

cules -were being detected. Since there is extensive linkage disequili

brium throughout the entire HLA complex and few if any crossovers have been 

described in family studies between, for example, MB and DR, the subject 

has awaited biochemical verification in order to distinguish the two possi-

bilities (43-45). 
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TABLE II 

Associations between defined HLA-DR antigens and additional reactivities 

DR 2 3 4 5 6 7 

MB1 + + + 

MB2 + + 

MBJ + + 

M1'1 + + + 

t1!'2 + + + 

Ml'J + + 

oc, + + + 

It is fair to say that there is still no unifying hypothesis to 

explain the "second locus". However, some of the biochemical experiments 

suggest that these so-called supertypic specificities reside on separate 

molecules which are more closely related to the murine I-A antigen. 

Several authors ha· 'e recently referred to this locus as DS for second D 

locus. 
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II. Biochemical Characterization of DS Gene Products 

Radiolabeling so-called DR homozygous cell lines and imrnunoprecipi

tation either with alloantisera or monoclonal antibodies were done for 

"second locus" antigens and the result shown in Figure 11 was typically 

obtained. A two-chain molecule non-covalently associated on the cell 

surface with chains of approximate molecular weight 34,000 and 29,000 

daltons was found. In Umnunodepletion experiments, it was shown that 

these molecules were different from molecules detected by either alloanti

sera or monoclonal antibodies directed against the DR molecules. These data 

provided the first evidence that "second locus" molecules were, in fact, 

distinct from DR molecules. 

Amino acid sequence analysis of these molecules soon established 

their structural uniqueness and clearly defined them as distinct molecules 

from the DR molecules (46,47). Both their alpha and beta chain sequences 

differed from the DR alpha and beta chains isolated from the 

same cell line and, as such, provide a powerful argument that a second 

distinct locus exists. 

Two-dimensional gel electrophoresis performed with these same alia

antisera and monoclonal antibodies established that at least the beta 

chains are polymorphic and encoded by the human sixth chromosome. 
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Fi~e 11. SDS polyacrylamide gel electrophoresis of limuunoprecipicaced 
ra 1olabeled MB antigens from a human EBV-transformed lymphocyte cell line. 
Molecular weight markers are indicated. The chains migrate with a mole
cular weight of approximately 34,000 and 29,000 (from Giles, R.C., Nunez, 
G., Hurley, C.K., Winchester, R., Stastny, P. and Capra, J.D. submitted 
for publication). 
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Recently DNA clones have been isolated and sequenced for the alpha 

chains of this molecule (48). Coupled with the available primary struc-

tural evidence obtained by radiolabeled as well as cold amino acid sequence 

analysis, we now have available considerable primary structural data for 

both of these chains. While they bear striking homology to the DR mole-

cules, they are clearly distinct as illustrated in Figure 12. However, for 

the alpha chain, for example, which has been studied l!J)St extensively, the 

organization both at the gene level and the likely organization of the 

domain structure of the mature protein is remarkably similar to the HLA-DR 

antigens. A comparison of the structures of the DR alpha and OS alpha 

chains is shown in Figure 12. 

CHO 
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Figure 12. Cmparison of OC-1 alpha and DR alpha chain sequences. 
ldent1cal residues are boxed. The limit of the transmembrane region is 
indicated by dashed lines. Stars indicate positions in the alpha-2 domain 
conserved among Ig-like domains. (from reference 48). 
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These studies demonstrate conclusively that a second locus exists 

in the human HI.A-D region. The available evidence suggests that w'1ere is 

but a single DS alpha and either one or possibly t\vo DS beta chains 

although much more work is needed to establish this point . This increases 

the number of genes encoded by the previously defined HLA- D region from 

four (DR) to six or seven as shown in Figure 13 . The actual location of the 

DS region be it centromeric or telomeric to HIA-D is not known. 

DSa OS~ 

Figure 13. Working model of the Second Locus ( DS /MB/DC) . The order of 
the chains is not known and their plac~nent relative to HLA-DR and HLA-B is 
conjectural. The model depicts only a single DS beta chain gene although 
there is some evidence for bNO . 
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As was the case shown in Figure 11 , the order of the chains is not: 

known, however, that infonnation should become available in the near 

future. The extraordinary sequence homology between these nolecules and 

the DR molecules and their homologies with immunoglobulins and beta-two 

microglobulins suggests chat at least parts of all of these rrolecules will 

have similar three-dimensional st:ructures. 

The exact relationship between DS, MB, MI', Te and BR is not known 

at the present time. Table II illustrat:es a compilation of some of these 

"supertypic" serologic specificities among the various DR phenotypes. While 

it appears that from independent: laboratories one can correlate DC1 , MB1 

and MT1 , from that point an logic does not provide any. particular insights 

into the genetic organization of this complex. Evidence provided from our 

own laboratory would suggest chat MB antigens (at least in DR4 and DRS cell 

lines) have amino acid sequences that are similar to if not ident:ical co DS 

amd DC-1 molecules (Giles et al., submitted). Similar studies using 

additional monoclonal antibodies should settle this question in the near 

future as there are now monoclonal ancibodies available that detect 

presumed MT specificities as well as DC specificities. 
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THE SB LOCUS 

I. Introduction 

Primary allogeneic proliferative responses to l1LC 's between normal 

individuals matched for all known HLA antigens are verJ weak. Secc:ndary 

responses of lymphocytes primed in this fashion, however, can be as strong 

as those of cells primed to HLA-D/DR differences. Such tests a re referred 

to as PLT (~imed _!:ymphocyte :!)'ping) tests and PLT reagents genera ted 

between such HIA "compatible" priming combinations provided the first 

evidence for a r~w segregant series of highly pol~norphic cell surface 

alloantigens (49-50) . These antigens are encoded by HLA and map between 

Hh~-DR and GLO. They are preferentially expressed c:n B lymphocytes rather 

than T lymphocytes and have, therefore, been designated HLA-"SB" 

("~econdary ~cell" ) antigens. Their tissue distribution and role in vitro 

as strong stimulators of secondary lymphocyte proliferation and as targets 

in cell mediated lympholysis suggests that products of HLA-SB are 

functionally analagous to those of HLA-DR. Thus far, 7 alleles have been 

defined in Q~e SB series and studies to analyze disease associations a re in 

progress. 

The mapping of the SB locus between GLO and DR (that is, centro

meric to DR) was accomplished not only by linkaRe analysis but by deletion-

mutation studies - an innovative new technique that has recently been 

applied to the HLA system. In this particular technique, g~a irradiated 

human cell lines of defined HLA specificit ies are selected with appropriate 

alloantisera or monoclonal antibodies and the resultant mutant lines 
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studied both serologically, cytogenetically and structurally (51-52). Point 

deletions have been extraordinari ly important in provid ing cell l ines with 

more clearly defined specificities. The production of hemizygous lines by 

this technique has also been important and large deletions in such hemi

zygous lines have provided important insights into the gene order of 

various MHC encoded antigens. 

II. Structural Studies 

Approximately a year ago, Nadler and Schlossman described a 

monoclonal antibody that recognized a bimolecular complex which was inde

pendent of HLA-DR (53). Later studies by Shaw demonstrated that 

this monoclonal antibody reacted with some of the gene products of the SB 

locus (54). Carolyn Hurley in our laboratory was able to demonstrate bio

chemically that this molecule while similar to DR was distinct from it, 

thereby providing biochemical evidence for a third locus within the human 

HLA-D region (55) . Figure 14 shows the bi1nolecular complex precipitated by 

the antibody ILR-1 from a HLA-DR homozygous cell line. The 34,000 

molecular weight alpha and 29,000 beta chains a re obviously reminiscent of 

the structures of the DR and DS molecules described above . However, by 

amino acid sequence analysis, both chains were shown to be distinct from 

the DR molecules isolated from the same cell line. A portion of these data 

are shown in Table III where a few radiolab5led runino acids are compared 

between the alpha and beta chains of DR vs. SB molecules. 
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Figure 14. SDS polyacrylamide gel electrophoresis of ilnmunoprecipi tated 
radiolabeled SB antigens from a human EBV-transformed lymphocyte cell line. 
Molecular weight markers are indicated. The c.l-tains migrate with a 
molecular weight of approximately 34,000 and 29,000. (Kindly provided by 
Dr. Carolyn Hurley) . 
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TABLE III 

Sequence Comparison of SB and 

Alpha chains 

12 13 22 

* F y F 

F F 

Beta chains 

16 17 18 24 26 

F F F 

F F 

DR Antigens 

24 

F 

F 

28 30 
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y y 

26 

F 

F 
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y 

* Indicates the absence of the assigned amino acid at that position . 
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The extent of biochemical po lymorphism a t this locus is being 

addressed in several laboratories including our own at this time. Tnere is 

no information at the present time which allows us to define both chains as 

being encoded on the human sixth chromosome. The likelihood, however, if we 

can extrapolate from DR and DS would be that the HIA-SB region encodes a 

minimum of two polypeptide chains, an SB alpha and an SB beca chain and 

that both are adjacent and encoded between GLO and DR. Whether there are 

multiple SB alpha and/or beta chains is not known but there is no reason to 

presume so based on the available data . 

GLO SB DR 8 

' .. ........ 

Figure 14A. Working model of the SB locus. The order of the chains is not 
known. 
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A HORK.ING MODEl.. OF TIIE HIA-D REGION 

Figure 15 summarizes the information that is presently available 

with the appropriate reservations and extrapolations that have been 

described above and presents a working model of this comglex genetic locus. 

As can be seen, three genetic regions are now defined between GLO and 

HIA-B: SB, DR, and DS. Within the SB and OS regions, two polypeptide 

chains have been defined, an SB alpha and SB beta within the SB region, 

and a DS alpha and DS beta ·Nithin the OS region. The DR region, consists 

of a single alpha chain and a minimum of three beta chains. Thus, these 

Figure 15. Working model of the genetic organization of the short arm of 
the human sixth chromosome. The HLA-D region has been expanded to include 
SB, DR and OS. The order of most of the genes is not known. 
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eighc polypeptide chains ( three alpha chains and f ive beta chains) are 

presently thought to be encoded where previously only a single specificity 

was defined between the markers previously defined as GLO and the major 

transplantation locus, HIA-B. The promise for the future is a tmre 

precise linkage of various disease associations within this expanding 

genetic complex. 
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A PRli~ITIVE GENE? 

Several years ago, a glycoprotein was identified on the surface of 

rodent thymocytes and neurons which became called ~~e Thy-1 antigen. This 

is a major cell surface protein of these two cell types and hamologues have 

been identified bod1 in the human, rat, rr~use and very recently in inver

tebrate neuronal tissue . In the mouse, this particular molecule has been 

extremely important as there are two allotypic forms which differ in their 

amino acid sequence by one amino acid and the allotypes have been used to 

identify different types of T cells in inbred strains of mice. 

All of these Thy-1 molecules have molecular weights of approxi

mately 18,000 and recently with the completion of the amino acid sequence 

of several of these molecules the strong evolutionary hanology of these 

molecules with immunoglobulins has been appreciated. Indeed, the homology 

between Thy-1 and Unmunoglobulins is nearly as great as ~~e hamology 

between various domains of immunoglobulins or various classes of immuno

globulins from one species to the next. A disulfide loop of approximately 

the same size as in immunoglobulin domains has been identified and exten

sive computer ana:ysis indicates that it is likely that the three-dimen

sional structure of the Thy-1 molecule is similar to immunoglobulin 

domains. 

Williams has recently presented arguments that Thy-1 was the pre

cursor gene which gave rise to a whole series of cell surface molecules 

that are crucial in recognition (56). In many cell surface proteins, the 
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domain chat is closest to che plasma membrane i s virtually always homolo

gous with Thy-1. Figure 16 illustrat es the molecules described in t his 

Grand Rounds as members of a super gene family. They start on che left 

with Thy-1, proceed through HLA-DR which we have assumed to be very similar 

to OS and likely SB. Beta two microglobulin is associated with the maj or 

transplantation antigens and finally, the immunoglobulin M and not shown 

itmrunoglobulin D molecules, both of 'Nhich are major cell surface glyco

proteins crucial in recognition. Thus, a human lymphocyte can have on its 

surface oolecules such as Thy-1, HLA-SB, HLA-DR, HI.A-DS, HI.A-A, HI.A-B, 

HLA-C, beta two microgloblin, Lmrnunoglobulin M, and Unmunoglobulin D, all 

of which probably evolved from a common precursor gene. 

Thy-1 seems to be the best candidate for a molecule which may 

approximate the primordial bnrnunoglobulin domain. The recent ellucidation 

of the full sequence of a cell surface molecule isolated from the squid 

showing evidence of extraordinary homology to the mouse molecule is 

further evidence for this hypothesis. Since there is no known recognition 

role for the Thy-1 molecule, either our notions that all of these molecules 

have evolved for recognition needs to be altered or the function of Thy-1 

is, in fact, in recognition. The fact tl1at invertebrates which do not have 

classical lymphocytes do express Thy-1 sugges~s that the primordial immuno

globulin and histocompatibility antigen domain evolved from neuronal 

structures. It may well be that Thy-1 functions as a receptor for another 

molecule (for example, a hormone) with the combining site being the region 

homologous to the antigen recognition site in immunoglobulin domains. 
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Alternatively, one could argue that Thy-1 functions in a manner 

analogous to the constant domains of immunoglobulin and is in effect a 

ligand that is recognized by receptors on other cells. As such, it may be 

an important molecule in morphogenesis. In this hypothesis it can be 

considered as a stable "platform" for the display of determinants that 

could be protein as in the IgG C region and potentially protein or carbo

hydrate in the case of Thy-1 antigens. The idea of the lg domain as a 

basic recognition unit for cell interaction would then be the functional 

common denominator of this entire super gene family rather than a function 

that is limited to immunity. Nonetheless, the notion that a whole host of 

molecules which have been of interest to Unmu!1ologists for many different 

reasons should derive from a common ancestral building block seems far from 

fortuitous and an unraveling of the mechanisms which led to the evolution 

to each of these molecules from a presumed neuronal primitive ancestor 

should be a rewarding avenue of investigation for the future. 

Figure 16. The molecules of the immunoglobulin super family. 
(Adapted from reference 56). 
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FU'NCfiON OF 'lliE MAJOR HIS'I'OCa1PATIBILI1Y Ca1PLEX 

I. Class I Molecules 

Class I molecules are expressed on essentially all cells of the 

body. With the exception of mature red blood cells in many species, as 

well as sperm, essentially all cells in mammals contain class I molecules. 

Thus, presumably the function of these molecules is related to this 

distribution on all cells. 

An increasing body of evidence implicates Class I molecules in the 

immune response to viral infections. When viruses infect cells, those 

cells can be killed (lysed by a subset of T lymphocytes called T killer 

cells or cytotoxic T cells. Cytotoxic T cells can kill virally infected 

cells before synthesis of new virus is complete thus preventing the spread 

of the infection. But how do T killer cells distinguish normal cells from 

virally infected cells? It is thought that the class I molecules play a 

critical role in this distinction. 

The T cell population consists of billions of circulating 

lyrnphoctyes, each one bearing receptors able to bind to one particular 

antigen. This results in a heterogeneous population which can recognize a 

wide variety of foreign molecules. T cells normatly are quiescent and 

activation is required for them to be effective killer cells. This 

activation is not simple, but involves the presentation of antigen by a 

cell thought to be in the rronocyte-macrophage series. Thus, viruses 
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which enter the body are picked up by chese "antigen presenting cells" 

which pr ocess the viral antigens and present them to T killer cells which 

are constantly circulating. Those few killer T cells which have receptors 

specific for a viral structure will bind the presenting cell. Although 

there may be many resting cells that can bind to the virus alone, these are 

not activated. CA1ly those T cells which recognize both the class l surface 

molecules and the viral structures on the presenting cell will differen

tiate into T killer cells which are specific for that virus. Such acti

vated T killer cells are veri precise in their specificity and will recog

nize only that specific virus in ~~e context of that specific class l 

molecule and even closely related viruses and class l molecules will not 

suffice. This obligate recognition of fqreign molecules in the context of 

class l proteins is called MHC restriction of T cell recognition. 

The fact that viruses can infect virtually all tissues of the body 

might explain the widespread -tissue distribution of class l molecules. The 

extent of polymorphism found on these molecules by this hypothesis might be 

explained by the notion that the more polymorphic the cell surface mole

cules are, the greater the potential is the repertoire for viral-MHC inter

action. This becomes an important element in a drive for heterozygocity of 

the organism as it should be appreciated that a heterozygous individual 

would be able to form far more potential viral-class l molecule complexes 

than an "inbred" or homozygous individual. Thus, the possibilities on a 

population scale of a single extremely virulent virus being able to deci

mate an entire population is decreased. Possibly, the variations seen in 

HLA alleles that are expressed in different populations around the world 

result from geographically limited viral selection pressures. Presumably, 
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disease associations with various ill-~ A, B and C antigens would be 

explained on the basis of either underreactivity or overreactivity of T 

killer cells based on the particular virus-class I mo lecule interaction . 

II. Class II Molecule FUnction 

Class II molecules which have been the subject of this Grand &Junds 

are largely confined to cells that are characteristic of the immune system. 

While T killer cells cope with cell bound viruses, antibodies secreted by 

activated B cells deal with free virus particles. In order to be 

activated, resting B cells require signal$ from a subset of T cells called 

T helper cells. If a T heiper cell specific for virus is to ''help" a 3 

cell make antibody against the virus, it must have the capacity to 

recognize not only the virus, but also the B cell. It ~uld be futile for 

T helper cells to send signals to cells outside the Lmmune system, so 

unlike T killer cells, T helper cells do not recognize virus in the context 

of the ubiquitously expressed class I molecules, instead they are limited 

to the recognition of virus in the context of class II molecules, which are 

expressed mainly by B cells and antigen presenting cells such as macro

phages. The activation of T helper cells is, thus, similar to the MHC 

restricted activation of T killer cells. Circulating T helper cells 

encounter virus structures on the surface of a presenting cell. They are 

activated as a result of interacting with virus and class II molecules on 

the presenting surfaces and will subsequently assist virus specific B cells 

carrying the same class II molecules. 
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Historically, the class II molecules ~~re initially described as IR 

(irrrnune response) genes. The Nobel Prize in medicine was awarded to 

Benacerraf cwo years ago largely for this discovery. The antibody 

response of an inbred animal is highly dependent upon genes which map to 

what became known as the .!_ region. It is now known that the roolecules that 

mediate this immune responsiveness or non-responsiveness are, in fact, the 

Ia (mouse) or DR (human) antigens. These are collectively referred to as 

Class II molecules because it is still not clear in man, at least, which of 

these functions is mediated by SB, DR, DS or other still undiscovered Class 

II loci . It is thought that animals bearing class II alleles that are 

poorly recognized in association with the foreign molecule will not 

generate activated T helper cells and will consequently be unable to 

produce strong antibody responses. 

Ill. How do class I and class II molecules activate T cells? 

There is probably nothing in immunology today that is more widely 

debated than the mechanisms whereby t-lHC proteins activate T cells. Many 

feel that like hormones they might work by directly activating any T cell 

which binds them. But most people feel that the binding of t-JHC molecules 

by T cells triggers the antigen presenting cells to present activation 

signals to the bound T cell. T cells binding virus alone would, therefore, 

not trigger the antigen presenting cell and would not receive the activa

tion signal. The fact that both class I and class II molecules are trans

membrane proteins and the observation that not every cell expressing these 

molecules can act as T cell inducers supports this notion. 
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I need not remind you that the 11HC genes bei ng highly polymorphic 

are the major barriers to tissue transplantation. T cells distinguish 

between the products of self and foreign MHC alleles with great precision 

destroying any tissue bearing foreign MHC products. 

HUMAN T CELLS 

fr3\ _ _..,.~ CLASS II 

/;~ MOLECULES 
HELPER @ . T CELLS 

ALLTC~© 
T

3 ---~·~ CLASS I 
TS MOLECULES 

CYTOTOXIC 
(KILLER) 
T CELLS 

Figure 17. Human T cell subsets interact with different MHC encoded 
molecules. 

THE EXPANDING HIA-D REGION IN HUMAN DISEASE 

Just six months ago, Dr. Stastny presented a Grand Rotmds 

describing the association of human disease with HLA-0/DR antigens. He 

stressed that many infectious, metabolic, neurologic, and particularly 

rheumatic diseases showed very strong associations with the HLA-0/0R 

complex. Many of these associations were originally described from this 
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institution and a review of that area is clearly superfluous. What I would 

like to stress here is the even stronger association of certain diseases 

with the additional loci u.'lat I have described for you today and, in 

particular, present evidence for the first association of human malignancy 

with major histocompatibility complex genes. 

Perhaps u.'le earliest associations of "second locus" antigens were 

with the supertypic specificities of the MT and MB series. Table IV shows 

the frequency of HLA associations in 22 patients with primary Sicca 

syndrome and 184 controls. As is evident, while 37% of controls are MT2 

positive, 100% of patients wiL'1 primary Sicca syndrome are MT2 positive. 

While the association with DR3 is strong (64% wit:.'l primary Sicca syndrome 

vs. 31% of controls), the association obviously is much stranger with the 

second locus antigen MT2 than with the DR antigen. Since this study was 

done in 1979, one would have anticipated considerable progress in this 

area. However, a serious problem arose with almost all supertypic 

specificity antisera, that is, their extremely low titer as well as lack of 

availability. Thus, while there have been important associations with 

subsets of patients with systemic lupus erythematosus, and various forms of 

rheumatoid arthritis with ~IT. MB or DC specificities, this association of 

primary Sicca syndrome is prhaps the best example of an association of an 

"expanding D region" with human disease. 

Another important association has been with successrJl intra

familial kidney transplantation. The MB system which has been worked on 

extensively on by Duquesnoy was assessed in renal transplantation in a 

retrospective study of 21 patients who had received a kidney transplant 
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from a related donor tnatched for a single HLA haplotype . One year trans

plant survival was closely correlated with the presence of a compatible MB 

antigen in the unshared haplotype of the donor: 8 of 8 rejected kidneys 

were obtained from ME-incompatible donors, and 12 of 13 successful 

transplants were from ME-compatible donors. The association between NB 

TABLE IV 

FREQUENCIES OF HLA ANTIGENS IN 22 PATIENTS 

Willi PRIMARY SICCA SYNDROME AND 184 CONTROLS* 

Specificity 

B8 

DR3 

Ml'2 

*From refererence 57. 

Controls 

24% 

31% 

37% 

Primary Sicca Syndrome 

59% 

64% 

100% 

compatibility and allograft acceptance was highly significant, but no 

significant relation could be demonstrated between the transplant survival 

and donor-recipient compatibility for the antigens of the HI.A-A, -B or -DR 

loci. These findings suggest that matching for MB may be critical for the 

selection of donors in intrafamilial kidney transplantation (58). 
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TABLE V 

Influence of Compatibility for Antigens Controlled by 

Different HLA Loci on One-Year Survival of Kidney Transplants 

from Related Donors Mismatched for a Single Haplotype 

Locus 

HLA-A 

HLA-B 

HLA-DR 

MB 

Number of Compatible 

Kidneys/Total Number 

of kidneys 

Survival Survival 

<1 year >1 year 

2/8 4/13 

2/8 0/13 

0/8 4/13 

0/8 12/13 

Significance of 

Difference 

p 

0.37 

0.13 

0. 12 

0.000044 

Despite the association of murine viral leukemogenesis with par

ticular major histocompatibility complex haplotypes, in man a considerable 

effort has not revealed tangible evidence of a similar association between 

HLA-A, ~ and DR locus alleles and susceptibility to C01llll0n forms of 

malignancy. However, in certain families the occurrence of multiple 

incidents of chronic lymphatic leukemia or Hodgkin's disease has been 

correlated with the inheritance of particular HLA haplotypes (59,60). The 

findings of these two reports raised the possibility that previously 
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unscudied alleles of histocompatilibity might be associaLed with 

susceptibility. 

Recently in collaboration with Dr. Robert ~inchester in New York, 

we have found an association between a monoclonal antibody to a second D 

locus antigen MB3 and susceptibility to chronic lymphatic leukemia. This 

association is shown in Tables VI . 

TABLE VI 

COID'RASTING FREQUENCIES OF CERI'AL.'I lA AU.OAl'ITIGENIC DETERMINANTS BETWEEN 

INDIVIDUALS Willi QiRONIC LYMPHACYI'IC LEUKEMIA AND A CDNTROL POPULATION 

Individuals 

with Leukemia Normal Controls 

Ia Alloantigen n=29 n-28 Relative 

Specificity (% positive) (% positive) Risk 

DR1 10.3 21.4 -2.4 

DR2 6.9 35 . 7 -7.5 

DR3 20 . 7 25.0 - 1.3 

DR4 31.0 25.0 +1.4 

DRS 62.1 21.4 +6.0 

DRw6 13.8 17.9 -1. 4 

DRw7 20.7 21.4 -1.0 

IVD12 93.1 50.0 +13.5 
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As shown in Table VI , of 29 individuals ·..nth B cell type chronic 

lymphatic leukemia, 27 or 93.1 % were reactive with monoclonal antibody 

IVD12 which defines an MB3-like specificity. Only approximately 50% of 

normal controls are positive for this MB3-like specificity providing a 

relative risk of approximately 13.5%. 

Recently again in collaboration with Winchester's group, we have 

demonstrated the relative risk in Hodgkin's disease to be over 50 for a 

second locus antigen. Virtually every individual with Hodgkin's disease 

tested in our study bears cells which are reactive with the IVD12 

monoclonal antibody. 

Fran these initial studies, it is apparent that as reagents become 

available to study the expanding HLA-D region gene products, associations 

with human disease should be even more evident. Recall that in the mouse 

the vast majority of bnmune responses are associated with !-A-like 

molecules. Since the human counterpart of this locus has only recently 

been defined and since monoclonal reagents have been available for only 6-9 

months work in this area should be an extremely exciting and productive 

area of clinical investigation. 

49 



References 

1. van Rood, J. J. and van Leeuwen . 1963. J . Clin. Invest. 42:1382. 

2. van Rood, J. J. 1962. Leukocyte Grouping, Thesis, London. 

3. A!ws, D. B. and Kostyu, D. D. HLA - A Central I!II1l\.ll1ological Agency 
of Man. From Advances in Human Genetics, Vol. 10, ed. Harry Harris 
and Kurt Hirschhorn, Plenun Publishing Corporation, 1980, pp. 137- 208. 

4. Stastny, P. Grand Rounds: Genetics and Autoimnunity, at The Univers i ty 
of Texas Health Science Center at Dallas, 11ay 20, 1982. 

5. Orr, H. T., Lopez de Castro, J. A., Lancet, D. and Strominger, J. L. 
1979. Complete amino acid sequence of a papain-solubi l ized human 
histocompatibility antigen, HLA-B7. 2. Sequence determination and 
search for homologies. Biochemistry 18: 5711-5720. 

6. Strominger, J. L., Orr, H. T., Parham, P., Ploegh, H. L., Mann, D. L., 
Bilofsky, H., Saroff, H. A., Wu, T. T. and Kabat, E. A. 1980. An 
evaluation of the significance of amino acid sequence homologies in 
human histocompatibility antigens (HLA-A and HLA-B) with 
limnunoglobulins and other proteins, using relatively short sequences . 
1980. Sand. J. Immunol., 11: 573-592. 

7. Lopez de Castro, J. A., Orr, H. T., Robb, R. J., Kostyk, T. G. , Mann, D. 
L., and Strominger, J. L. 1979. Complete amino acid sequence of a 
papain-solubilized human histocompatibility antigen, HLA-B7. 1. 
Isolation and amino acid composition of fragments and of tryptic and 
chymotryptic peptides. Biochemistry 18: 5704-5711. 

8. Tragardh, L., Rask, L., Wiman, K., Fohlman, J. and Peterson, P. A. 1980. 
Complete amino acid sequence of pooled papain-solubilized HLA-A, -B, 
and -C antigens: Relatedness to immunoglobulins and internal 
homologies. Proc. Natl . Acad. Sci. USA 77: 1129-1133. 

9. Orr, H. T., Lopez de Castro, J. A., Parham, P. , Ploegh, H. L. and 
Strominger, J. L. 1979. Comparison of amino acid sequences of nvo 
human histocompatibility antigens, HLA-A2 and HLA-B7: Location of 
putative alloantigenic sites. Proc. Natl. Acad . Sci. USA 76: 4395-4399 . 

10. Krangel, M. S., Pious, D. and Strominger , J. L. 1982. Human 
histocompatibility antigen mutants irnmunoselected in vitro: 
Biochemical analysis of a mutant which synthesizes--ai-l altered HLA-A2 
heavy chain. J. Biol . Chern. 257: 5296-5305. 

11. Barbosa, J. A., Kamarck, M. E., Biro, P. A., ~eissman, S. M. and Ruddle, 
F. H. 1982. Identification of human genomic clones coding the major 
histocompatibility antigens HLA-A2 and HLA-B7 by U~-mediated gene 
transfer. Proc. Natl. Acad . Sci. USA 79: 6327-6331 . 

12. Malissen, M., Malissen, B., and Jordan, B. R. 1982. Exon/intron 
organization and complete nucleotide sequence of an HLA gene. Proc. 
Natl. Acad. Sci. USA 79: 893-897. 



13. Coligan, J. E., Kindt, T. J., Uehara, H., Martinko, J. and Nathenson, S. 
G. 1981. Primary structure of a murine transplantation antigen. 
Nature 291: 35-39. 

14. Uhr, J. W., Capra, J. D., Vitetta, E. S., and Cook, R. G. Organization of 
the imuune response genes. 1979. Science 206: 292-297. 

15. Hurley, C. K., Nunez, G., Winchester, R., Finn, 0. J., Levy, R., Stastny, 
P. and Capra, J. D. Partial structural characterization of human 
HLA-DR subsets using monoclonal antibodies. Hybridomas and Cellular 
bnrnortality (in press). 

16. Shackelford, D. A., Kaufman, J. F., Korman A. J. and Strominger, J. L. 
1982. HLA-DR antigens: Structure, separation of subpopulations, gene 
cloning and function. Lmmunological Reviews 66: 133-187. 

17. Kvist, S., Wiman, K., Claesson, L., Peterson, P. A., and Dobberstein, B. 
1982. Membrane insertion and oligomeric assembly of HLA-DR 
histocompatibility antigens. Cell 29: 61-69. 

18. Kaufman, J. F., and Strominger, J. L. 1979. Both chains of HLA-DR bind 
to the 1~brane with a penultimate ·hydrophobic region and the heavy 
chain is phosphorylated at its hydrophilic carboxyl terminus. Proc. 
Natl. Acad. Sci. USA 76: 6304-6308. 

19. Shackelford, D. A., Lampson, L.A. and Str~ninger, J. L. 1981. Analysis 
of HLA-DR antigens by using monoclonal antibodies: Recognition of 
conformational differences in biosynthetic intermediates. J. lmmunol. 
127: 1403-1410. 

20. Accolla, R. S., Gross, N., Carrel, S. and Corte. G. 1981. Distinct forms 
of both alpha and beta subunits are present in the human Ia molecular 
pool. Proc. Natl. Acad. Sci. USA 78: 4549-4551. 

21. Charron, D. J. and McDevitt, H. 0. 1980. Characterization of 
HLA-D-region antigens by two-dimensional gel electrophoresis. J. Exp. 
Med. 152: 18s-36s. 

22. walker, L. E., Ferrone, S., Pellegrino, M.A. and Reisfeld, R. A. 1980. 
Structural polymorphism of the beta chain of hl..DDan HLA-DR antigens. 
Mol. Immunol. 17: 1443-1448. 

23. Quaranta, V., Pellegrino, M.A., and Ferrone, S. 1981. Serologic and 
imrnunochemical characterization of ~~e specificity of four monoclonal 
antibodies to distinct antigenic determinants expressed on 
subpopulations of human Ia-like antigens. J. Immunol. 126: 548-552. 

24. Shackelford, D. A., Marm, D. L., van Rood, J. J., Ferrara, G. B. and 
Strominger, J. L. 1981. Human B-cell alloantigens DC1, MT1, and LB12 
are identical to each other but distinct from the HLA-DR antigen. 
Proc. Natl. Acad. Sci. USA 78: 4566-4570. 

25. Kaufman, J. F., Andersen, R. L., and Strominger, J. L. 1980. HLA-DR 
antigens have polymorphic light chains and invariant heavy chains as 



assessed by lysine-containing tryptic peptide analysis. J . Exp . Med. 
152: 37s-53s. 

26. Kaufman, J. F. and Strominger, J. L. 1982. til.A-DR light chain has a 
polymorphic N-terminal region and a conserved immunoglobulin-like 
C-terminal region. Nature 297: 694-699. 

27. Steinmetz, M., Minard, K., Horvath, S. McNicholas, J., Frelinger, J., 
Wake, c., Long, E., Mach, B., and Hood, L. 1982. A oolecular map of 
the immune response region from the major histocompatibility complex of 
the oouse. Nature 300: 35-42. 

28 . Yang, C., Kratzin, H., Gotz, H., Thinnes, F., Kruse, T., Egert, G., Pauly, 
E., Kolbel, s., Wernet, P. and Hilschmann, N. 1982. Primarstruktur 
menschlicher Histokompatibilitatsantigene der klass II. 2. 
Mitteilung: Aminosauresequenz der N-terminalen 179 reste der 
alpha-kette des HLA-Dw2/DR2-alloantigens. Hoppe Seyler's Z. Physiol. 
Chem. 363: 671-676. 

29. Gustafsson, K., Bill, P., Larhammar, D., Wiman, K. , Claesson, L., 
Schenning, L., Servenius, B., Sundelin, J., Rask, L. and Peterson, P. 
A. 1982. Isolation and identification of a eDNA clone coding for an 
HLA-DR transpl;mtation antigen alpha chain. Scand. J. Irnrwnol. 16: 
303-308. 

30. Lee, J. S., Trowsdale, J., Travers, P. J., Carey, J., Grosveld, F., 
Jenkins, J., and Bodmer, W. F. 1982. Sequence of an HLA-DR alpha 
chain eDNA clone and intron-exon organization of the corresponding 
gene. Nature 299: 750-752. 

31. Larhammar, D., Gustafsson, K., Claesson, L., Bill, P., Wiman, K., 
Schenning, L., Sundelin, J., Widmark, E., Peterson, P. A., and Rask, 
L. 1982. Alpha chain of HIA-DR transplantation antigens is a member 
of the same protein superfamily as the immunoglobulins. Cell 30: 
153-161. 

32 . Konnan, A. J., Auffray, C., Schamboeck, A., and Strominger, J. L. 1982. 
The amino acid sequence and gene organizaticn of the· heavy chain of the 
HIA-DR antigen: Homology to immunoglobulins. Proc. Natl. Acad. Sci. 
USA 79: 6013-6017. 

33. Kratzin, H., Yang, C., Gotz, H., Pauly, E., Kolbel, S., Egert, G., 
Thinnes, F. P., Wernet, P., Altevogt, P., and Hilschmann, N. 1981. 
Primarstruktur menschlicher histokompatibilitatsantigene der klasse II. 
Hoppe-Seyler's Z. Physiol. Chern. 362: 1665-1669. 

34. Wiman, K., Larhammar, D., Claesson, L., Gustafsson, K., Scherming, L., 
Bill, P., Bohme, J., Denaro, M., Dobberstein, 13., Hammerling, U., 
Kvist, S., Servenius, B., Sundelin, J., Peterson, P. A., and Rask, L. 
1982. Isolation and identification of a c~~ clone corresponding to an 
HLA-DR antigen beta chain. Proc. Natl. Acad. Sci. USA 79: 1703-1707. 

35. Long, E. 0., Wake, C. T., Strubin, M., Gross, N., Accolla, R. S., Carrel, 
S. and Mach, B. Isolation of distinct eDNA clones encoding HLA-DR 



beta Chains by use of an e~ression assay. Proc. Natl. Acad. Sci. 
USA 79 (in press). 

36. Quaranta, V., Walker, L. E., Pellegrino, A. and Ferrone, S. 1980. 
Purification of immunologically Blli~ctional subsets of human Ia-like 
antigens an a monoclonal antibody (Q5/13) immunoadsorbent. J. Immunol. 
1 25 : 1421 - 1425. 

37. Carrel, S., Tosi, R., Gross, N., Tanigaki, N., Carrnagnola, L. and Accolla, 
R. s. 1981. Subsets of human Ia-like molecules defined by monoclonal 
antibodies. Mol. Irnmunol. 18: 403-411. 

38. Hurley, C. K., Nunez, G., Winchester, R., Finn, 0. J., Levy, R., and 
Capra, J. D. 1982. The human HIA-DR antigens are encoded by multiple 
beta chain loci. J. Irnmunol. 129: 2103-2108. 

39. Cuquesnoy, R. J., Marrari, M. and Annen, K. 1980. Association of the 
B-cell alloantigen MB1 with HIA-Dw1 and DRw2. Transplant. Proc. 12, 
138. 

40. Terasaki, P. I., Park, M.S., Bernoco, D., Opelz, G. and Mickey, M. R. 
1980. Overview of the 1980 International Histocompatibility Workshop. 
In: Histocompatibility Testing 1980, P. I. Terasaki, Ed., p. 1, 
UCLA, Los Angeles. -

41. Tanigaki, N., Tosi, R., Centis, D., Ferrara, G. B. and Pressman, D. 1981. 
Further characterizationof two 'DR supertypic' specificities. 
Additional evidence that they reside on molecules different from those 
carrrying HIA-DR locus specificities. Hum. lmmunol. 3: 93-. 

42. Tanigaki, N. and Tosi, R. 1982. The genetic control of human Ia 
alloantigens: A three-locus model derived from the i!mnunochemical 
analysis of "supertypic specificities". Immunological Reviews 66: 
5-37. 

43. Markert, t1. L., and Cresswell, P. 1980. Polymorphism of human B-cell 
alloantigens: Evidence for three loci within the HIA system. Proc. 
Natl. Acad. Sci. USA 77: 6101-6104. 

44. Karr, R. W., Kannapell, C. C., Stein, J. A., Gebel, H. M., Mann, D. L., 
Cuquesnoy, R. J., Fuller, T. C., Rodey, G. E. and Schwartz, B. D. 
1982. J. Jrnmunol. 128: 1809-1818. 

45. De Kretser, T. A., Crumpton, M. J., Bodmer, J. G. and Bodmer, W. F. 1982. 
Two-dimensional gel analysis of the polypeptides precipitated by a 
polymorphic HIA-DR1 ,2,w6 monoclonal antibody: evidence for a third 
locus. Eur. J. limnunol. 12: 600-606. 

46. Goyert, S.M., Shively, J. E., and Silver, J~ 1982. Biochemical 
characterization of a second family of human Ia molecules, HLA-DS, 
equivalent to murine I-A subregion molecules. J. Exp. Med. 156: 
550-566. 

47. Bono, M. R., and Strominger, J. L. 1982. Direct evidence of homology 
between human DC-1 antigen and murine I-A molecules. Nature 299: 836-838. 



48 . Auffray, C., Korman, A. J., Roux-Dosseto , M., Bono, R. and Strominger, J. 
L. 1982. c~~ clone for the heavy chain of the human B cell 
alloantigen DC1 : Strong sequence horr.ol ogy to the HIA-DR heavy chain . 
Proc. Natl. Acad. Sci. USA 79: 6337-6341. 

49. Shaw, S. Kavathas, P., Pollack, M.S. , Charmot, D. and Mawas, C. 1981. 
Family studies define a new histocompatibility locus, SB, between 
HIA-DR and GLO. Nature (Lond. ) 293: 745. 

50. Kavathas, P., M1ars, R., Bach, F. H., and Shaw, S. 1981. SB: A new 
HLA-linked human histocompatibility gene defined using HLA-mutant cell 
lines. Nature (Lond.) 293: 747. 

51. Kavathas, P., Bach, F. H., and Det1ars, R. 1980 . Gamma ray-induced loss 
of expression of HLA and glyoxalase I alleles in lymphoblastoi d 
cells. Proc. Natl. Acad. Sci. USA 77: 4251-4255. 

52. Pious, D., Soderland, C. , Gladstone, P. 1977. Induction of HlA mut ations 
by chemical mutagens in human cell lines . Immunogenetics 4: 437-448. 

53. Nadler, L. M., Stashenko, P., Hardy, R., Tomaselli, K. J., Yunis, E. J., 
Schlossman, S. F. and Pesando, J. M. 1981. Monoclonal antibody 
identifies a new Ia-like (p29,34) polymorphic system linked to the 
HLD-D/DR region. Nature (Lond. ) 290: 591. 

54. Shaw, S., DeMars, R., Schlossman, S. F., S~ith, P. L., Lampson, L.A. and 
Nadler, L. M. 1982. Correlations between fnction, genetics, and 
structure. J. Exp. Med. 156: 731. 

55. Hurley, C. K., Shaw, ., Nadler, L., Schlossman , S. T., and Capra, J. D. 
1982. Alpha and beta chains of SB and DR antigens are structurally 
distinct. J. Exp. t1ed. 156: 1557-1562. 

56. Williams, A. F. and Gagnon, J. 1982. Neuronal cell Thy-1 glycoprotein: 
Homology with Unrnunoglobulin. Science 216: 696-703. 

57. l1outsopoulos, H. M., Mann, D. L., Johnson, A. H., and Chused, T. M. 
Genetic differences between primary and secondary sicca syndrome. 
Engl. J. Med., 301: 761-763. 

1979. 
New 

58. Duquesnoy, R. J. , Annen, K. B., Marrari, M. M., and Kauffman, H. 11. 1980. 
Association of MB compatibility with successful intrafamilial kidney 
transplantation. N. Eng. J. Med. 301: 821 -825 • . 

59. Delmas-Marsalet, Y. , Hors, J., Colombani , J., and Dausset, J. 1974. Study 
of HLA-A genotypes in a case of familial chronic lymphocytic leukaemia 
(CLL). Tissue Antigens 4: 441. 

60. Ntmez-Roldan, A., Martinez-Guibelalde, F. , Gomez-Garcia, P., 
Gomez-Pereria, C., Nunez-Ollero, G. & Torres-Gomez, A. 1979. Possible 
HLA role in a family with Hodgkin's disease. Tissue Antigens 13, 377. 

61. Winchester, R., Toguchi, T., Szer, I., Burmester, G., Cuttner, J. and 
Capra, J. D. (1983) in press . 


