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SUMMARY

Polymorphism and function of MHC class II molecules in cattle is described. A 
recently developed method for typing DR-like molecules in cattle - isoelectric focusing - 
has been used to investigate MHC class II haplotype restriction of bovine antigen specific 

BoCD4* cell lines. The restriction patterns correlated with the IEF types, at least when 
ovalbumin was the antigen. The role of these IEF types in immune responsiveness was 
also investigated using an FMDV derived peptide as the antigen. Although the IEF type 
influenced the fine specificity of the T cell response, there was no unequivocable evidence 
for IEF associated Ir gene products. Possibly the response to this peptide is under the 
control of a further MHC class II locus.

INTRODUCTION

We are interested in the genetic basis for variation in immune response in cattle as 
this has important implications for disease resistance/susceptibility and also for molecular 
vaccine design. One of the obvious areas to investigate is the Major Histocompatibility 
Complex (MHC) since it plays a central role in the immune system. There are two main 
groups of MHC molecules - class I and class II and I shall only be considering the latter 
group. MHC class II molecules are highly polymorphic heterodimeric glycoproteins 
expressed on the cell surface of antigen presenting cells (APC). T helper (T„) cells only 
recognise foreign antigen in the form of processed peptides in association with self MHC 
class II molecules (Schwartz et al., 1986). This phenomenon is referred to as MHC 
restriction. MHC class II related immune response (Ir) gene effects generally arise 
because the processed peptides have different binding affinities for different allelic products 
of MHC class II genes (Guillet et al., 1987). Thus MHC class II molecules are involved 
in the induction and regulation of most, if not all, immune responses and control both the 
specificity and strength of these.

However, until recently, the bovine MHC class II region was not well characterised 
- both in terms of its polymorphism and function. It was first defined in cattle as the 
major locus controlling mixed lymphocyte reactions (MLR) and in families, at least, these 
specificities were clearly linked to BoLA class I haplotypes (Spooner et al., 1978; Usinger 
et al., 1981). We have shown that bovine antigen specific T„ responses are dependent 
upon MHC class II positive APC (Glass and Spooner, 1989). We have also shown that 
variation in T cell responses to a multi-epitope molecule, ovalbumin, correlated with BoLA 
haplotypes in half-sib families, presumably indicating correlation with MHC class II 
haplotypes (Glass, Oliver and Spooner, 1990a). Thus the interaction between bovine APC 
and T„ cells is similar to that described in other species. It would also appear likely that 
there are bovine immune response genes linked to MHC class II haplotypes.

When these experiments were carried out, no MHC class II typing method was 
available for cattle. However, a one-dimensional isoelectric focusing (IEF) technique for 
typing DR-like bovine MHC class II products has now been reported (Joosten et al., 
1989a). Using this method, these workers in collaboration with our laboratory, identified,
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twelve different bovine MHC class II products. Distinct banding patterns for the p chains 
of each bovine MHC class II product were obtained with two bands per haplotype (Fig.
1). The a  chains appeared to be nonpolymorphic. Since then we have detected a further 
haplotype. We designate the patterns as EDF1 - EDF13 (E for Edinburgh, D in analogy 
to the human HLA class II system and F for focusing. The numbering system used for 
EDF types is in PI value sequence and differs from the numbering system of Joosten et 
al., 1989). Exploiting this method has now enabled us to investigate the relationship 
between polymorphism and function of MHC class II molecules more extensively than was 
previously possible. We have investigated MHC class II haplotype restriction of bovine 
T cells and also expanded our studies on bovine Ir genes.

RESULTS AND DISCUSSION

For the MHC class II restriction studies, antigen specific T cells were required. In 
our previous studies we had obtained these directly from peripheral blood mononuclear 
cells (PBM). However the high frequency of.alloreactive T cells in PBM precluded their 
use in these studies. Instead ovalbumin specific T cell lines were derived from PBM 
obtained from high responder animals (Glass and Spooner, 1990). The methodology for 
generating these lines was essentially similar to that of Kimoto and Fathman (1980) and 
it selected for antigen specific T cells and depleted alloreactive T cells. The T cell lines 
were >90% BoCD4* (bovine CD4 equivalent i.e. T„ phenotype) and were also 20-45% 
MHC class II positive. Thus activated bovine T cells express MHC class II molecules 
unlike resting bovine T cells (Glass and Spooner, 1989). This is similar to human and 
guinea pig T cells (Ko et al., 1979 and Lyons et al., 1981 respectively). Proliferation of 
these lines to the immunising antigen, ovalbumin in the presence of self APC (irradiated 
PBM) was highly significant (PcO.OOl) and was dose dependent with a maximum generally 
reached at 20ug ovalbumin/well. None of the lines responded to ovalbumin in the 
absence of APC and none responded to an unrelated antigen, human serum albumin. The 
antigen dependent proliferation was inhibited by several anti bovine MHC class II 
mononuclear antibodies (mAb) but not by anti bovine MHC class I mAb.

Six of these antigen specific BoCD4* T cell lines were selected for further analysis 
of their MHC restriction patterns (Glass, Qliver and Spooner, 1990b). The donors of the 
lines were MHC class II typed by IEF and designated EDF types (Table I). Two of the 
animals (3 and 4) were apparently homozygous for EDF7 and EDF13 respectively; the 
other 4 lines were heterozygous (1,2,4 and 6). Thus of the 13 EDF specificities detected 
so far, 6 are represented within this group.

The six cell lines were analysed for responsiveness with a panel of EEF class II 
typed APC. All of the EDF specificities were represented except EDF 10 which is 
extremely rare in our population (R.A. Oliver, unpublished observations). The donors 
were all unrelated except for animals 1-3 which were members of a half-sib family group. 
An example of the restriction patterns obtained is shown in Fig. 2. The cell line in this 

case was derived from donor 1, EDF type 6,7. Only APC which shared the EDF6 or 7 
haplotype were able to present antigen to BoCD4* cell line 1 and induce significant 
proliferation (PcO.OOl). No response was observed with APC of any other EDF type. 
Similar clearcut restriction patterns were obtained with the other 5 BoCD4* cell lines in 
that they only responded to APC with compatible EDF types (results not shown). The only 
exception to this was cell line 5 which only responded to antigen in the presence of EDF2 
APC and not EDF9 APC. It was also demonstrated that APC would not present antigen 
to T cell lines if they shared BoLA class I specificities but differed in their EDF class II 
specificities (data not shown).
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Fig 1. ID-IEF analysis of bovine MHC class II products from eight heterozygous 
members of a half-sib family group. The EDF haplotypes are shown above 
the gel. The characteristic banding patterns were designated as shown, 
based on the findings of Joosten et al. (1989) and R.A. Oliver and J.L. 
Williams (Unpublished observations). Each animal was given EDF types 
as indicated with two P bands per haplotype.

390



TABLE 1

Donors from which ovalbumin specific T„ cell lines were derived

Donor
1
2
3
4
5
6

EDF Type 
6,7 
4,6 
7,- 

13,- 
2,9 
2,13

TABLE 2

T cell response by individual cattle to FMDV derived peptides

EDF Average Stimulation Index (SI)*
Animal class II type FMDV 15 FMDV 19 FMDV 26

1 7,8 58.5 60.4 37.4
2 3,7 29.5 56.5 4.4
3 4,7 41.9 32.5 4.3
4 2,6 39.7 10.2 1.9
5 2,5 35.6 16.1 1.5
6 3,7 16.2 14.1 2.6
7 4,6 22.0 11.5 1.8
8 6,8 17.3 9.1 1.4
9 4,6 8.6 11.1 1.5

10 6,8 8.7 4.9 2.2
11 5,6 5.7 5.4 0.6
12 8,11 4.0 5.7 1.2
13 5,11 4.2 3.0 0.8

*SI = -mean com obtained with peptide 
mean cpm obtained with medium

Background counts were 500 cpm - 3000 cpm

FMDV 15 = CC141 - 158PPS141 - 158PCG 
FMDV 19 = 141 - 158PCG
FMDV 26 = 200 - 213



This study demonstrates that bovine antigen specific CD4* T cells are MHC class 
II restricted. The results also show that APC from IEF typed unrelated donors can only 
present antigen if they share at least 1 EDF specificity with the responding cell line. Thus 
cattle appear to have similar requirements for MHC class II identity between APC and T 
cell for antigen recognition to occur as has been well documented for other species 
(Schwartz, 1986; Shevach and Rosenthal, 1973; Bergholtz and Thorsby, 1978). Although 
these results do not prove identity between the IEF product and the restriction element 
recognised by the cell lines, it does suggest that the IEF patterns can be used to indicate 
allelic products relevant to function. The lack of response with EDF9 could be explained 
in several ways - it could be a nonresponder haplotype or the T cell line may have 
recognised another MHC class II product not detected by IEF. The only other MHC class 
II typing method available for cattle at present is restriction fragment length polymorphism 
(RFLP) analysis (Andersson et al., 1986; Sigurdardottir, Lunden and Andersson, 1988). 
These workers have shown that there are several DR- and DQ-like genes with considerable 
polymorphism. The DR and DQ regions appear to be in strong linkage disequilibrium with 
approximately 30 DR-DQ haplotypes detected. However it is not clear how many of the 
genes per haplotype are expressed and function as restriction elements although close 
correlation between these DR-DQ haplotypes and IEF defined haplotypes has been reported 
(Joosten et al., 1989b). Nonetheless it may be that EDF9 represents a haplotype where 
(putative) DR and DQ loci are in lower linkage disequilibrium than is the case for other 
haplotypes. Further work is in progress on these findings.

Having established that EDF types are functionally important we used this method 
to investigate potential MHC class II linked Ir gene effects. We had recently shown that 
within cattle populations, high and low responders to the multiepitope molecule, ovalbumin, 
existed and this variation may have been linked to MHC class II polymorphism (Glass, 
Oliver and Spooner, 1990a). It thus seemed likely that the use of peptide vaccines for 
cattle may be severely compromised by Ir gene effects. The only potential synthetic 
peptide vaccine described so far for cattle is against foot and mouth disease virus (FMDV).
A synthetic peptide derived from the VPI coat protein of FMDV in the absence of any 

carrier protein, elicited high levels of neutralising antibody and protected some cattle 
against challenge (Di Marchi et al., 1986). The most immunogenic part of the FMDV 
virus appears to be in the loop region, 141,-163 of VPI (for a review see Brown, 1987).

In collaboration with T. Collen, T. Doel and K. Murray (AFRC, Institute of Animal 
Health, U.K.) we have investigated the T cell response to FMDV peptides by a panel of 
nonrelated Friesian cattle. These were male and approximately 18 months of age to 
minimise background variations. These animals were MHC class II typed by IEF and 
from this group we chose 13 animals as shown in Table 2. This group represented as 
many EDF types as possible but excluded the ones less common in our herd. Each EDF 
type was also represented at least twice.

The animals were all immunised with FMDV15. This 40-mer peptide derived from 
VPI contains two separate sequences - 141-158 i.e. the immunogenic part, and 200-213, 
joined by a pro-pro-ser spacer. The 200-213 sequence is capable of inducing low levels 
of neutralising antibody and in the 3-dimensional structure of native FMDV is next to the 
141-158 sequence (Acharya et al., 1989).

Lymphocyte transformation assays were performed using PBM, at varying intervals 
after immunisation. The responses to FMDV 15 by each animal is shown in Table 2. 
The majority of the blasting cell population was of the T„ cell phenotype i.e. BoCD4*. 
Responses varied considerably between animals. Three animals (1, 2 and 3) had 
consistently low or no responses throughout the experiment (50+ weeks). In fact these 
three animals only responded to FMDV 15 at lOug/ml whereas all the other animals gave
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Fig.2

A cpm x 10-3

Proliferative response by BoCD4* cell line 1 to a panel o f APC (irradiated 
PBM). This panel included all of the EDF types detected so far (except 
EDF10). Only the shared EDF types are shown for simplicity. Acpm = 
cpm in the presence of antigen - cpm with medium alone. Responses = 
mean of quadruplicate cultures. SD were always less than 10%.
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significant responses at lower doses. Animals 9-13 had consistently high responses. 
There is some suggestion that EDF types are involved in the variation in response in that 
animals with the 5 or 11 EDF type are found at the low end of the range whereas animals 
with EDF2 or 7 are mainly found at the high end of the response range. Further studies 
will involve selecting further animals with the EDF5, 11, 2 and 7 haplotypes to see if these 
initial findings can be confirmed.

In order to investigate the fine specificity of the T cell responses, a series of related 
peptides were also used. The responses to two of these are also shown in Table 2. 
FMDV19 comprises the immunogenic part, 141-158 plus PCG and FMDV26 comprises the 
other part of FMDV15 i.e. 200-213. All of the responding animals recognised the 141- 
158 sequence alone suggesting that there must be a bovine T cell epitope present in this 
region. In contrast the 200-213 sequence alone elicited low or no response by any of the 
animals with one major exception - animal 1 - which was also the strongest responder to 
FMDV15 and FMDV19.

FMDV15 specific BoCD4* T cell lines have been generated from some of these 
animals. The pattern of specificity by these lines mirrors that found with the PBM i.e. 
the most immunogenic epitope is contained within the 141-158 sequence.

MHC class II restriction has also been analysed with these lines. As with 
ovalbumin specific T cell lines the patterns of response correlate with EDF class II types, 
with a few notable exceptions. These results may indicate that some of the responses to 
FMDV peptides are under the control of further bovine MHC class II molecules as yet 
undetected. Future studies to actively explore these areas are planned.

In conclusion the IEF technique has proved a powerful method for studying the 
relationships between bovine MHC class II polymorphism and function. We have shown 
that APC - T cell interaction, in cattle, is MHC class II haplotype restricted. MHC class 
II alleles also appear to play an important role in terms of focusing the fine specificities 
of response. Their polymorphic nature appears to be implicated in responses to both 
multiepitope molecules and simpler peptides. All of these factors need to be taken into 
consideration in the design of synthetic vaccines and probably also for selecting for disease 
resistance.
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