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It is an old idea to explore the possible association of disease 
with genetic markers (for example human blood groups), but it is a relative
ly new notion that there is likely to be a causal relationship between resist
ance to a given disease and alleles of a polymorphic cell msnbrane system. - 
This recent notion stems fran the fundamentally important discovery in mice 
by Zinkemagel and Doherty (1974) that the function of cytotoxic T lymphocytes 
or T killer cells, is critically dependent on antigens belonging to H-2, which 
is the major histocompatibility complex (MHC) of the mouse.

Histocompatibility genetics has a distinguished history, almost as 
old as our century. It began with studies of the genetic requiranents for the 
propagation of spontaneous mouse cancers in other mice by a simple act of trans_ 
plantation. By the middle of the century, transplantation inmunology sparked 
off a revolution in the whole science of inmunology which is surely not within 
the scope of this lecture. Suffice to say that our present iitmunological out
look is focused on the subsets of cell membrane structures which belong to the 
above-mentioned MHC, although these are only few among many membrane proteins 
which can function as transplantation antigens. What is so special about MHC 
molecules is the fact that they function as guides for various subsets of T - 
lymphocytes which simply do not recognize, or react to antigen without the help 
of MHC molecules. Without MHC guidance there would be little or no T lymphocyte 
activity. Without T lymphocytes to interact with macrophages and B lymphocytes 
there would be hardly any antibodies formed either; in fact, there would be 
hardly any antibodies farmed aither; in fact, there would be mighty little 
inmunology.

As a side to this dominant position of the MHC in the function of the 
entire inmune system, it is also well established that different allelic MHC 
gene products (or allanorphs) in the cell msnbrane may differ markedly in the 
guidance they can give to T cells in the response to a given antigen. This - 
fact is reflected in the term of imnune response (Ir) genes linked to MHC. One 
MHC gene may work, another not, in guiding the T cells into response to a - 
given antigen, but not to another. However, most natural antigens involved in 
infection are very canplex structures presenting a multitude of different anti- 
genic determinant to the infected host. Therefore, if one of the antigenic

*  Institute for experimental Inmunology 
University of Copenhagen, N0rre Alii 71 
DK-2100 Copenhagen, Denmark

164



determinants fails to elicit a T cell response the chances are that another 
determinant on the same molecule will do it. The net result is consequently 
that there will usually be sane sort of response by both T and B lymphocytes. 
This is the reason why studies of the so-called Ir genes are usually conduct 
ed with simpler, artificially constructed antigens (synthetic polypeptides) 
which possess fewer different kinds of antigenic determinants.

Perhaps it will be useful new to take a closer, albeit very schematic 
look at the relationship between the various MHC molecules and the cells — 
which are involved in their functions.

Although it is debatable hew many genes and corresponding gene products 
which an MHC really consists of, and indeed this might easily differ in - 
different stages of phylogeny. I think there is general agreement that at 
least a mamnalian MHC comprises a minimum of to classes of MHC structures. 
Following Klein (1977), these are conveniently termed Class I and Class II, 
while Class III is seme times used to denote certain canponents of the serum 
complement system which are also encoded by genes located within the MHC.
We will forget again about Class III since so little is anyway known about it 
in the animal species with which we are concerned. On the other hand, I want 
to introduce Class IV (Simonsen, 1971) which is not a generally accepted 
part of MHC. It is so far a "specialty'' of the chicken, which fact probably 
only means that we have not yet succeeded to define its genetic hcmologue 
in any maitmalian species.

Table 1 summarizes very briefly seme fundamental facts abouts the 
classes of MHC structures, their cellular expression, and the subsets of T 
cells for which they provide the above-mentioned essential guidance.

Class I are the classical major transplantation antigens on the - 
basis of which the paradigm for all MHC research, the H-2 system of the - 
mouse, was first established. They are expressed in virtually all cell - 
typestypes, except that mature erythrocytes in mammals contain relatively 
little of these molecules; in fact there is practically none in human 
erythrocytes, for which reason human typing is routinely performed with 
blood lymphocytes. Class I molecules are 2-chain structures consisting of 
a heavy chain (40.000 - 44.000 Dalton) which is a glycoprotein which is 
the carrier of the polymorphism of this class of molecule. The light chain 
is knewn as -2 microglobulin (-2M) and shews little or no polymorphism but 
it has a considerable degree of amino acid sequence homology wd.th the 
constant domains of immunoglobulin molecules.

Class II molecules are also 2-chain structures, but the 2 chains 
are radically different in their amino acid sequence frem both of the - 
chains belonging to Class I. The 2 chains are both integral membrane - 
glycoproteins but most of the polymorphism appears to be associated wri.th
the chain. However, the knowledge of Class II biochemistry is less advanced, 
even w/ith mouse molecules, than is the case for Class I.
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The distinction between these 2 Classes of MHC molecules is crucial 
in functional terms because they give guidance to different subsets of T - 
lymphocytes. This fact is indicated in Table 1 in the bottan line which - 
introduces the genetic markers of lyt 1 and lyt 2 , which are actually murine 
terms, but once again the mouse is the unavoidable paradigm. The lyt 1 and 
lyt 2 loci are unlinked to MHC and are also mutually unlinked. They are both 
dimorphic, and their well-deserved claim to fame is the fact that they are 
differentiation markers for the above mentioned subsets of T lymphocytes - 
which are performing different functions in the imnune systefli.

Lyt 2 molecules are identifiable, for example by imnunofluorescence, 
in the membrane of T cells which function predominantly as cytotoxic cells, 
and in others which function as suppressor cells. The former are for good 
reasons believed bo be essential for the defence against many virus diseases, 
the latter play a general role in the regulation of the entire imnune system.

Lyt 1 molecules are in contrast to be found in the membrane of the 
so-called T helper cells which also play regulatory roles in the imnune system. 
They promote for example the differentiation and function of B lymphocytes 
responsible for the formation of serum antibodies. Lyt 1 T cells are probably 
also of crucial importance in aiding the macrophage-mediated defence against 
intracellular facultative parasites (Zinkemagel et al. 1977).

Granted this general back-ground which is mainly provided by studies 
in mice and is also in many ways supported by studigs of the HLA systan of - 
humans, it is tine to ask the question in this audience to what extent the 
species of animals which are important in livestock production conform to - 
the rules pertaining to mice and men.

Generally speaking, there is for each of these species a great amount 
of imnunogenetic "spade work" to be done yet before the structure of its MHC 
has been established to a level of sophistication which is likely to yield 
real insight into correlations with disease resistence and/or breeding and 
production parameters of practical importance. Although the classical 4- 
legged farm animals: horse, cow, pig, and sheep have now been studied to the 
point that the existence of an MHC has been largely certified for each there 
is still a long way to go. The same applies to the (chicken in spite of the - 
already established correlation between resistence to Marek's Disease and - 
certain MHC alleles. To this correlation I shall return later in more detail.

Horses (ELA)

The equine MHC is called ELA. It is very little explored, and is so 
far mainly defined by the fact that allo-antibodies formed by parous mares, 
or by planned immunization with lymphocytes can be shewn to be cytotoxic - 
(together with complement) to target lymphocytes. ELA antigens appear to = 
belong to a single polymorphic system. Bailey et al. (1979) made a study of 
stallion families with a total of 29 offspring and found evidence of close 
linkage (with only one recarbinant) between the segregating alleles of the
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ELA systsn and one of the well-kncwn blood group system of the horse, the 
A-system. Absorption experiments indicated that ELA antigens are not express 
ed themselves on erythrocytes. There are interesting observations described-  
by LazSry et al. (1976) fran planned irrmunization of horses against the - 
tetanus toxin, which amount to suggestive evidence of an Ir gene control of 
the level of antibodies formed. However, definitive experiments of this sort 
would first and foremost require more basic research into equine MHC.

Cattle )BoLA)

The bovine lymphocyte antigen (BoLA) system has also primarily been 
established as a Class I locus by means of lymphocytotoxic antibodies fran 
multiparous cows or by skin grafting (Spooner at al. 1980). There is not 
yet compelling evidence for the existence of more than the one locus, of 
which a modest number of alleles haVS been clearly defined. There is also 
evidence, however, from mixed lyrrphocyte reaction (Stone, 1981) and fran 
inmune fluorescence (Adams and Brandon, 1981) of the existence of Class II 
molecules. However, the difficulties in obtaining large families of full 
sibs in cattle have apparently hampered attemps to establish clearly that 
the putative Class I and Class II molecules actually belong to a coaron MHC.

There are several diseases of cattle which are known to be influenc
ed by heredity, including infectious diseases of major inportance in animal 
production in Africa. The idea that BoLA may be involved is, I think, - 
popular, but I am not aware of any hard, supporting evidence, which would 
probably anyway require much more basic understanding of BoLA.

Pigs (ISLA)

The structure of the MHC of Sus scrofa, SLA, is relatively well - 
elucidated. Analogous to the human HLA system there are 3 Class I loci - 
named SLA-A, B, and C, and a Class II locus named SLA-D (Vaiman, 1979). - 
There are also Ir loci in linkage with the serologically determined markers. 
The SLA antigens per se do not seem to be expressed in erythrocytes, but 
there are 2 blood group loci, C and J, on the same chranoscme; the nearest 
being 10 cM away (Hruban, 1981).

I am not aware of proven SLA linkage to disease resistance in swine, 
nor of many efforts to look for it. There is, however, a well-known linkage 
of a meat quality gene with the H  blood group locus which is unlinked to 
SLA.

Sheep (OLA)

The OLA system is supposed to be the ovine MHC (Millot, 1979), but 
there is no proof yet that the 2 closely linked loci of Class I-like nature 
which have been identified are also linked with Class II loci, or that OLA 
is associated with histocanpatibility, inmune responsiveness, or disease 
resistance.
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Chickens (B-oanplex)

The B locus of the chicken was described by Briles et a l . (1950) as a 
blood group system and was later found to be a complex of genes comprising 
both Class I and Class II, as well as a 3rd Class (B-G) which is expressed 
only in erythroid cells. The latter is only 0.04 cM from the region which 
comprises the still more firmly linked Class I and II loci. The latter 2 
classes have not yet been separated by recombination in controlled laboratory 
experiments, although there are a few pairs of haplotypes knô fti which have 
identical Class II alleles and which most likely represent earlier reccmbin 
ation events. The avian MHC gene products of both Class I and Class II are 
clearly similar to the mammalian hcmologues in biochoracal structure.

The B-G locus defines a blood group system which is at least as poly
morphic as Class I but it is completely different in both cellular expression 
and in biochemical structure. The term of Class IV has been proposed for 
B-G.

There are several general reviews of the chicken MHC, the two most — 
recent being those of Longenecker and Mosmann (1981) and of Simonsen (1981). 
Moreover, there is S'recent report from a Chicken MHC-ncmenclature Workshop 
which puts and end to a long period of international confusion over B- 
ccmplex nomenclature (Briles et al. 1982).

The agreed nomenclature is basically an adaption of the older numerical 
system of Briles, allowing for the fact that there is no longer one B-locus, 
but a complex of 3 classes of genes: B-F (Class I ) , B-L (Class II), and B-G 
)Class IV) or, in short, F,L, and G, when the connotation is clear. The 
same number applies to both the B haplotype and to the alleles of its 
constituent loci. Thus, B21 is a haplotype comprising F21, L21 and G21.

Recombinant haplotypes which have arisen under laboratcary breeding 
conditions and have been adequately analysed and progeny tested carry the 
number of their F allele followed by r (for recombinant) and a second - 
number which simply lists the order in which they were internationally 
accepted. Thus B21rl would be the first accepted recombinant haplotype 
which carries F21 together with a defined L  or G  allele of another hap
lotype. In actual-fact all adequately analysed recombinations have so 
far separated both F and L  from G. Apparently F and L  are extremely - 
tightly linked as judged by manmalian standards.

The Workshop accepted a total of 29 different haplotypes, numbered 
B1 - B29, and designated one reference source for each. However, not all 
of these haplotypes are as yet sufficiently analysed with respect to - 
their possible sharing of individual alleles.

In our laboratory (Simonsen et al. 1982) we have new concluded a 
systematic comparison of the F, L and G  allcmorphs of the following hap
lotypes; Bl, B2, B4, B5, B6, B7, B9, B12, B13, B14, B15, Bl9 and B21, 
which probably comprise most of the common haplotypes among ccnmercial 
White Leghorn, in addition to seme which are actually rare. Most of these
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allarorphs have been proved to be different fran each other. Apparent - 
identities also exists, however, Thus G2 = G12, L12 = L19, F4 = F13, and 
L4 = L13.

The 29 "accepted" B haplotypes are sure to be no more than a small 
sample of the global chicken repertoire. This fact is apparent fran provision 
al attempt we have made to use the typing reagents in breeds other than White 
Leghorn as well as in wild chickens (the Bed Jungle Fcwl of South-East Asian 
Origin).

One practical advantage to MHO typing in chickens is the fact that 
Class I antigens are very well expressed in the erythrocytes and can there
fore be detected in haemagglutination. Hcwever, the fact that also G-antigens 
are expressed in red blood cells long obscured the fundamental difference 
between the 2 classes. Hence, much earlier work, based on typing by haemag- 
glutination alone, needs being interpreted today with caution.

There are a number of investigations which have established the exist 
ence of Ir genes in chickens in analogy with earlier experiments in mice and 
guinea-pigs, i.e. by the level of antibody formation to synthetic polypeptides 
of simplified structure. The current view, which is mainly based on experiments 
in mice, is that the gene products of Ir genes are simply the MHC, Class II 
molecules of T helper cells. It is a most reasonable assumption that the same 
holds true in chickens, but there is no evidence yet to say that it does. - 
Pevzner et al. (1978) have described recaribinants in the B1 and B19 haplotypes 
which apparently separate an Ir gene fran the MHC genes detected by haanag- 
glutination. This is quite a remarkable finding in view of the universally 
negative results obtained so far by serological screening for recaribinants 
between the F and L loci, as already mentioned. There is an important gap to 
be filled in- by further analysis of the Pevzner-recaribinants.

I have gone into sane amount of detail with the B-canplex, because this 
is the only MHC in a livestock species for which there is to date proof - 
beyond reasonable doubt that different MHC haplotypes have different survival 
value in overcoming an infection which is a menace to the value in overcaning 
an infection which is a menace to the species. I am of course referring to 
Marek's disease (MD) caused by a ENA virus related to herpes virus (MDV).

Especially before the development of efficient vaccines to MD this was 
one of the great natural killers of chickens, especially of young chickens 
before sexual maturity. It is therefore of the greatest interest that there 
is now a substantial amount of controlled infection experiments in the - 
literature which document that relative resistance to MD is a dominantly in 
herited trait which is linked to MHC. Sane MHC haplotypes, of which B2_j_ is 
the best known, though not the only one, carry high resistance, while others, 
notably B19, which is a very cannon haplotype in White leghorn, are associated 
with low or intermediate resistance (see Gavora and Spencer, 1979 for review).

It is in very good keeping ’with these findings fran controlled infect 
ion experiments that selection for resistance to MD performed blindly wdth 
respect to serological markers have repeatedly produced flocks with high
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incidence of B21. Moreover, Pazderka et al. (1977) reported the finding, albeit 
not in great detail, that B21 is a cannon haplotype in many sBpposedly unrelated 
populations of chickens in many parts of the world, and even found in the Jungle 
Fowl progenitor of all donestic chickens. Such findings are exactly what one 
would expect on the hypothesis of a survival value for B21 animals in an infected 
world, but I want to emphasize that recent progress in the techniques for MHC 
typing makes it desirable that this line of investigation be pursued critically 
in several parts of the world.

Personally, X have isolated several new MHC haplotypes frcm the Red - 
Jungle Fcwl one of which is similar to B21 although it does not carry G21. It 
will be interesting to investigate a spectrum of wild haplotypes in controlled 
infection experiments with MDV and with other chicken pathogens.

The mechanism of the resistance conferred by B21 is certainly not known. 
It is not even known, whether it is determined by one of the kncwn classes of 
MHC genes, or by a linked unknown gene. It might well be determined by the - 
concerted action of 2 or more genes in the MHC region. Actually, we now possess 
the recombinant MHC chrcmoscmes in our laboratory which should enable us to - 
determine whether the B-G locus has any influence cm resistance. With luck I 
may have the results in time for the Congress.

It is likely a priori that disease resistance is a polygenic affair, 
and the two chicken lines, 6 and 7, which are both homozygous B2/2 birds are 
often cited as a case in point, because line 6 is very resistant to MD relative 
to line 7 (Pazderka et al. 1977). I do not believe, hcwever, that it is really 
known wether lines 6 and 7 are in fact identical with respect to the MHC Class 
II genes.

It is very important to realize that vaccination has not eradicated MD 
as a practical problem to breeders. This fact is clearly documented by Gavora 
and Spencer (1979) who found that even vaccinated birds had still an important 
incidence of MD, and that the ranking order of MD incidence in various strains 
wras unaltered by vaccination.

MHC and production traits

There are at least 2 different reasons to expect that MHC polymorphism 
may influence production traits. The first is sinply that genes which occupy 
key roles in regulation of the immune response and which are known to differ 
in performance according to their allelic differences, are almost sure to make 
their contribution indirectly also to complex traits such as weight gain and egg 
production.

The second reason may in practice be difficult to dissociate frcm the 
first, but in principle it is very different. I am referring to the notion that 
MHC genes, or other genes in close linkage, may be involved in the response 
to hormones. There is a good deal of very suggestive evidence frcm the mouse 
that this may be so. Most of this experimental evidence has been collected and 
analysed in a review by Ivanyi (1978).
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In chickens, Sunonsen et al. (1982) have provided evidence that major 
carmercial firms, when selecting for high egg production in White Leghorn, have 
simultaneously favoured 2 MHC haplotypes in particular, namely B15 and B19, 
which are furthermore very similar in their Class I antigens.

Gavora and Spencer (1979) found in a large and carefully controlled - 
experiment a possitive genetic correlation between resistance to MD and low body 
weight, early sexual maturity and high rate of egg laying, but a negative correl 
ation with egg weight. ~

A  rule of thumb for science planners

It is so carmonplace a fact, that scientific discovery is largely un
predictable, and that science is therefore difficult to plan. It is consequent 
ly worth pointing out a field where quite important science could easily be 
planned, but still is not. This is the field of MHC research in relation to 
disease resistance and production traits.

Genetic associations of MHC polymorphism with diseases have been explor
ed in depth in people, in particular in industrialized societies where infect 
i°us diseases have ceased to be major killers. However, several other diseases 
have been identified for which the relative risks of contracting than are - 
associated with particular MHC alleles. The most important of these dic;PapQg 
is probably juvenile diabetes (Ryder et al. 1981), which is positively associ
ated with 2 different HLA, Class II alleles and negatively with a third one. I 
have no doubt that research into associations with HLA and disease will continue 
on a larger scale. In the event, the impact of this research on the genetic 
constitution of mankind is likely to be nil for social and cultural reasons.

When it canes to the animal species on which we have became largely - 
dependent for our supplies of animal food, there is a tradition, which is - 
probably longer than human history, for trying to select for desirable traits.

In so far as these animals are vertebrates, there are good scientific 
grounds for planning research on the assumption that each species, from carp 
to cow, has got its own MHC. Even in our closest invertebrate predecessors, 
the tunicates, there is an MHC-like system (Scofield et al. 1982). Granted 
the now universally accepted fact that MHC plays essential roles in the funct 
ioning of the entire imnune system, the conclusion is really very sinple and 
may be formulated as follows:

IF MAN IS SERIOUSLY INTERESTED IN VERTEBRATE SPECIES OTHER MAN THAN
HIS CWN, HE WILL BE FOOLISH NOT TO STUDY THE MHC OF HIS CHOSEN ANIMALS.

In actual scientific planning this would entail financing large scale 
basic research into the phylogeny of MHC and its role in imnune systems with 
special arphasis applied to at least 3-4 mammalian and 2-3 avian livestock 
species and, say half a dozen fishes. I can see no major granting agency 
which has displayed such foresight, but I am gladly offering my rule of 
thumb.
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Table 1

Simplified canposition of a major histoccnpatibility ccrrplex

Class II loci

--------- ( - ) — ( ) ~ ~ H --------

A Ig* lymphocytes. 
Antigen-presenting 
cells.

B Guide functions of 
lyt-l T cells

Class I loci

— H — ( )---------

All cell types.
(in sane species not 
in mature erythro
cytes) .

Guide functions of 
lyt-2+ T  cells.

Class IV loci 
(only kncwn in birds)

-----H ---- ( )~~( )--------

Erythroid cells. 

Unknown

A: Cellular expression 
B: Physiological functions.

sunmafk

A  brief, and therefore simplified outline is given of the general - 
architecture of a major histocompatibility system (MHC). The central and 
dominant role which MHC occupies in the function of the entire immune system 
of a species has mainly been elucidated by experiments in mice and other 
laboratory animals. The H-2 system of the mouse is the paradigm for all 
MHC research, and the state of the art in livestock animals is a mere 
beginning of serious attanpts to establish the basic MIC structure in each 
of these species. Among livestock animals, the chicken is so far unique 
in presenting a case of MHC control of resistance to one 'of the major — 
infectious diseases of the species. Marek's disease.

Finally, a strong plea is made to funding agencies to plan for - 
concerted efforts of research into the phylogeny of MHC with special regards 
to species of established importance for m a n ’s supplies with animal food.

KESUMEN

Un esbozo breve y por eso siitplificado de la arquitectura general de 
un sistema mayor de histocaipatibilidad (MHC). El papel central y  dcminante 
que tiene el MHC en la funcifin de todo el sistema inmunoldgico de una especie 
ha sido aclarado principalmente por via de experiencias con ratones y  otros 
animales de laboratorio.

El sistema H-2 del ratfin es el paradigma para todas las investigacio- 
nes de MHC, y el estado de la especie de los animales dcmSsticos solo es el
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principio de esfuerzos serios para establecer la estructura MHC bSsica de 
cada una de esas especies.

Entre los animates dcmgsticos, la gallina es por el memento el Gni- 
co animal que presenta un caso de control MHC de la resistencia a una de 
las enfermedades infecciosas mayores, la enfermedad de Marek.

Finalmente, se ruega a las asociaclones fundadoras que hagan esfuer
zos unidos en cuanto a investigaciones en el desarrollo del sistana MHC, 
particrularmente poniendo la mira en especies de establecida importancia, 
para la provision de alimentos ccmestibles del ser humano.
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