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Immunological Markers of protective immunity and disease.

During the past decade there have been significant advances in our
understanding of the fundamental immunological mechanisms which result
from exposure to infection. Whereas the protective immune response to acute
extracellular bacterial infection is usually mediated by antibody production, the
response to intracellular infection by virus, bacteria and parasites, is
considerably more complex. A solid body of evidence suggests that in many
intracellular infections, the production of antibody occurs concomitantly with
the emergence of disease and it has little role in protective immunity. In this
respect antibody, when present following infection with intracellular
pathogens, can be used to develop immunodiagnostic tests for disease. Data
from our laboratory (Griffin and Buchan 1989, Griffin and Buchan 1993a) show
that antibody response as measured by the ELISA, is an excellent marker for
serious disease caused by M.bovis in deer. When this test is used serially with
ST the combined assays have a sensitivity of 95.0% for Tb diagnosis. The ELISA
also has a high positive predictive value (>75%) in identifying M.bovis(+) deer.
While the ELISA is good at diagnosing serious disease it cannot detect early
infection where the response is predominantly cell-mediated.

Laboratory assays of cellular immunity using the lymphocyte transformation
(LT) assay, can be used in parallel with the ELISA to diagnose deer infected
with M.bovis, (Buchan and Griffin, 1989, Griffin and Buchan1993a). Patterns of
immune reactivity compatible with disease [LT(+)/ELISA(+)] are different from
the 'putative’ protective response [LT(+)/ELISA(-)], seen in deer which are
disease-free following exposure to M.bovis . The LT is limited in its ability to
provide more precise information whereby LT(+) reactivity typical of disease
can be distinguished from protective immunity. Data from our laboratory
using BCG vaccination of deer (Griffin, et.al. 1992a, Griffin and Buchan, 1993b)
show that the LT response in vaccinated deer is much less specific for M.bovis
than the reactions found typically in naturally infected deer. In an attempt to
chart the pathways of reactivity which lead to protective immunity or disease it
is necessary to look at each facet of the host response found in chronic
intracellular infection to elucidate the fundamental mechanisms which
influence the outcome.
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L Innate Resistance

Non-specific scavenger cell reactivity mediated by mononuclear phagocytes
(macrophages) play a vital role in clearance of intracelllar pathogenic bacteria in
the period immediate following infection (Crowle and Elkins, 1990). In
tuberculosis it has been demonstrated that a single BCG gene (Forget, et.al.
1998), which is not linked to the major histocompability complex (MHC), has a
vital role in non-specific innate resistance to M.bovis. This gene, first
discovered in inbred mice, has been cloned and sequenced (Vidal, et.al. 1993)
and is known to code for a protein which acts as a transport molecular for
nitrous oxide radicals, to produce bactericidal activity within the phagosomes of
the monocytic cell. A homologue of the BCG gene in mice has also been
identified in humans (Schurr, et.al. 1990). This system of innate resistance is
non-specific and appears to produce ubiquitous patterns of resistance to
intracellular pathogens ranging from tuberculosis (Forget, et.al. 1981) to
salmonellosis (Plant and Glynn 1976) and leishimaniasis (Bradley, 1977). The
expression of the BCG gene may have a critical impact on the downstream
immunological effects which result following exposure of an individual
animal to pathogens such as M.bovis.

II.  Pseudo-immune reactivity

In recent years a population of lymphoid cells has been identified which

produce specific reactivity following exposure to infection or immunisation

(Raulet, 1989). While these cells have surface glycoproteins which characterise

them as T-lymphocytes they differ in function from classical immune cells in

two ways:

1. They have unique specific antigen receptors, encoded for by Y0 genes,
which are different from the typical T cell receptor for antigen (TCR) cells

which is composed of aff chains (Brenner, et.al. 1988).

2. v cells, though specifically activated following contact with antigens, do
not show a classical enhanced memory response on re-exposure to
homologous antigens.

Increased numbers of 3 cells are found in the skin and mucosal epithelial
tissues of the body. Increased numbers of these cells are found in mice
following infection with M.bovis (BCG) (Inoue, et.al. 1991) and in the lungs of
animals exposed to aerosol containing extracts of M.tuberculosis (Augustin,
et.al. 1989). While y3-cells may play a central role in protection (Boom, et.al.
1992) they may also contribute to the pathology associated with disease (Modlin,

et.al. 1989). The Y0 cells produce a variety of cellular hormones (cytokines)

including IL-2, IL-4 and y-IFN. They may act as cytotoxic cells and could have
an important role as a first line defence against invasion with various
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pathogens (Janeway, et.al. 1988). Interestingly, whereas the number of ¥ cells
in peripheral blood of mice is low (1-3%), their relative incidence in ruminants
may be up to ten times higher (Hein and MacKay, 1991, Buchan, et.al. 1990).
This could markedly influence the patterns of responses in domesticated

ruminants following infection with M.bovis and means that ¥ cells should be
examined closely when studying the tuberculosis response in M.bovis infected
deer or cattle.

II.  Classical Cellular Immune Reactivity

Lymphocytes generated within the embryonic and neonatal thymus develop
into a population of mature T-cells which leave the thymus and colonise the
peripheral lymphoid tissues. T-cells have diverse functions, which include a
fundamental role in regulating all lymphocyte activity (antibody and cellular)
and special effector roles in cell-mediated immunity. The key functions seen in
cell-mediated responses include the amplification of mononuclear cell killing
of parasites and cytotoxic activity against intracellularly parasitised cells. In
addition adverse hypersensitivity responses may occur in association with
activation of T-cells resulting in delayed type hypersensitive (DTH) reactions.
DTH alone is not sufficient to protect the host against parasitic infection and if
uncontrolled it may exacerbate the severity of disease. Recent characterisation
of the cytokines produced by T cells suggest that they can be subdivided into
two populations (type-1 and type-2) with disparate functions (Mosmann, et.al.
1986). The distinction between type-1 and type-2 cells first described by
Mosmann's study has remainded central in distinguishing pathways of
immune reactivity which characterise protective immunity and disease in a
diverse range of intracellular infections, in many species of animals. The nett
effect of activation of type-1 or type-2 cells is seen at a molecular level by the
dominance of production of cellular hormones by either cell type to produce a
response compatible with immune protection or disease, following infection

with intracellular pathogens. Type-1 cells produce IL-2 and y-IFEN while type-2

cells produce IL-4 and IL-10. y-IFN has a suppressive effect on type-2 cells while
IL-10 suppresses type-1 cells, so the response of either cell type is mutually
exclusive (Salgame, et.al. 1991). The recruitment and sustenance of a type-1 or
type-2 response may be influenced markedly by the mononuclear phagocytic
cells which act to process and present antigens to specific antigen receptors on
lymphocytes. Theoretical models for activation of either type of response are
given in Figure 1 and 2. Figure 1 provides a pathway of mononuclear cell and
lymphocyte activation likely to stimulate type-1 cell activation.

The pathways outlined in Figures 1 and 2 suggest model systems whereby
protective immunity or disease may result from infection of macrophages by
M.bovis. Figure 1 shows the selective activation of TH! cells facilitated by
production of IL-1 and IL-12 by infected macrophages. Activated TH1 cells
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produce IL-2 and y-IFN. IL-2 causes activation of cytotoxic cells (Tc) which kill
infected macrophages and prevent the growth and spread of infectious

organisms. Production of y-IFN by Tyl and Tc cells causes increased function
of the macrophages. Y-IFN also causes suppression of TH2 cell activity and

prevents B-cell activation and antibody production.
Figure 1
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Figure 2 shows the outcome following uncontrolled replication of mycobacteria
within the infected macrophage. This could be due to the lack of BCGT gene, or
the expression of altered phenotype (stress) affecting macrophage competence,
resulting in impaired intracellular killing and antigen presentation by the
macrophage. Release of tumour necrosis factor (TNF) by the infected
macrophage may cause damage to cells within the local microenvironment
and facilitate disease spread. Antigens presented by the diseased macrophage
recruit TH2 cells which produce IL-4 and IL-10 molecules. IL-10 downregulates
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macrophage function so these cells do not produce IL-1 or IL-12. IL-4 produced
by activated T2 cells serves to upregulate B-cell activity, resulting in antibody
production, which is non-protective. Simultaneously, IL-4 acts as a suppressor
molecule to exclude Ty1 cell involvement in the response. The nett effect of
this cycle is that macrophages fail to control bacterial replication and no
protective immune response results even though antibody production occurs.

Figure 2
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Molecular Marker of Immune Reactivity

Monitoring the production of cytokines by immunologically activated cells is
the most definitive method for characterising the relative contribution of type-
1 or type-2 cells following infection with virulent M.bovis or vaccination with
BCG in deer. This can be done either by measuring the biological activity of the
cytokines or detection of messenger RNA (mRNA) specific for the cytokine.
The unique species specific patterns of biological reactivity of cytokines mean
that it is simpler to use a molecular genetics approach to look for expression of
cytokine mRNA, in the activated lymphocytes from individual animals. This
technique involves the activation of blood lymphocyte in the laboratory using
specific antigens and mitogens to produce increased quantities of mRNA which
is isolated from the cultured cells. The mRNA is separated on agarose
denaturing gel by electrophoresis and detected (Northern blot) using labelled
cDNA probes which are identified by autoradiography (Griffin, et.al. 1992b).

Figure 3 shows an IL-2 and IFN-y autoradiograph produced from lymphocytes
in deer cells stimulated by mitogens (ConA).

Figure 3.  Northern Blot analysis for IL-2 and v-IFN in deer cells cultured
from 0-48 hours with mitogen.

Kb
2.0
IL-2
0 4 8 16 24 48
TIME (Hours)
1 s
A
Kb
IFN-y

0 4 8 16 24 48
TIME (Hours)



311.

The striking observation is that the levels of v-IFN mRNA in diseased animals
is equivalent to the amount produced by cells from deer free of disease. This

suggests that whereas ¥-IFN is a good marker for protection against tuberculosis
in mice it may not hold for ruminants where y-IFN is found in both diseased
and non-diseased deer. Independent studies in our laboratory using y-IFN

bioassays (virus neutralisation) also confirm that y-IFN is produced at
equivalent levels in diseased and disease-free deer lymphocytes (unpublished
data). As IL-2 is not considered to be an ideal cytokine to define type-1 cell
activity we are left to ponder what approach will best elucidate the function of
type-1 cells in deer. It may be that we will have to look for IL-12 production by
macrophages to target type-1 cell activation (Figure 1). IL-4 and IL-10 are
currently being studied as markers for type-2 cell activity in M.bovis infected
deer.

This data is presented to highlight the unique challenge in designing molecular
techniques to look at the function of critical subpopulations of cells in the Tb
response of deer. We have already highlighted (Buchan, et.al. 1992) the unique

role of Y5 cells in deer so it may be necessary to invoke new models for Tb
reactivity in deer which differ qualitatively from that seen previously in mice
and man. While the challenge is obvious our ability to design methods
appropriate for the target species is vital if we are to define the critical pathways
of immune reactivity which distinguish protective immunity from disease
related hypersensitivity in M.bovis infected deer.

Acknowledgement

The authors acknowledge the financial support given by the Game Industry
Board, Animal Health Board and FRST for the above studies. The generosity of
many colleagues overseas who have provided reagents developed in other
species of ruminant is recognised with appreciation. Field support by
veterinarians and deer farmers with naturally infected herds and the staff at Ag
Research Invermay for the study of experimentally infected and vaccinated
deer is acknowledged with thanks.



312.

References

Augustin, A., Kubo, R.T. and Gek-Kee Sim (1989). Resident pulmonary
lymphotyes expressing the 7/ T-cell receptor. Nature 340:239-241.

Boom, W.H., Chervenak, K.A., Mincek, M.A. and Ellner, J.J. (1992). Role of the

Mononuclear phagocyte as an antigen-presenting cell for human 8 T-cells
activated by live Mycobacterium tuberculosis. Infection and Immunity
60:3480-3488.

Bradley, D.J. (1977). Genetic control of Leishmana populations within the host:
Genetic control of susceptibility in mie to L.donovanii infection. Clinical and
Experimental Immunology 30:130-140.

Brenner, M.B., Strominger, J.L. and Krangel, M.S. (1988). The T cell receptor.
Advances in Immunology 43:133-165.

Buchan, G.S. and Griffin, J.E.T. (1990). Tuberculosis in domesticated deer
(Cervus elaphus): A large animal model for human tuberculosis. Journal of
Comparative Pathology 103:11-22.

Buchan, G.S., McCoy, G., Mackintosh, C.G. and Griffin, J.F.T. (1992).
Monoclonal antibodies to leukocyte subpopulations in deer and exotic

ruminants. The Biology of Deer (Ed. R.D. Brown), Springer-Verlag (N.Y.)
pp.141-148.

Crowle, A.J. and Elkins, N. (1990). Relative permissiveness of macrphages
from black and white people for virulent tubercle bacilli. Infection and
Immunity 58:632-635.

Forget, A., Skamene, E., Gros, P., Miaihle, A.C. and Turcotte, R. (1981).
Differences in responses among inbred mouse strains to infection with small
doses of M.bovis (BCG). Infection and Immunity 32:42-47.

Griffin, J.F.T. and Buchan, G.S. (1989). The ELISA technique for diagnosis of
severe tuberculosis in deer and exotic ruminants. Proceedings of the New
Zealand Veterinary Association, Deer Branch 6:78-86.

Griffin, J.F.T., Nagai, S. and Buchan, G.S. (1991). Tuberculosis in domesticated
red deer: comparison of purified protein derivative and the specific protein
MPBY70 for in vitro diagnosis. Research Veterinary Sciences 50:279-285.

Griffin, J.F.T., Buchan, G.S., Cross, J.P., Rodgers, C.R. (1991). Diagnosis,
management and eradication of Tb from New Zealand deer herds. New
Zealand Veterinary Continuing Education Publication Number 132:,219-225,



314.

Schurr, E., Skamene, E., Morgan, K., Chu, M. and Gros, P. (1990). Mapping of
Co/3al and Co/6a3 to proximal murine chromosome 1 identifies conserved
linkage of structure protein genes between murine chromosome 1 and human
chromosome 2q. Genomics 8:477-486.

Vidal, S.M., Maio, D., Vogan, K., Skamene, E. and Gros. P. (1993). Natural
resistance to infection with intracellular parasites: Isolation of a candidate for
BCG. Cell. 73:469-485.



313.

Griffin, J.F.T., Hesketh, J., Mackintosh, C.G. and Buchan, G.S. (1992a).
Vaccination of prevent tuberculosis in farmed deer; hopes and challenges for
the future. Proceedings New Zealand Veterinary Association Deer Br. 9:98-106.

Griffin,].F.T., SLobbe, L., Hesketh, J., You-en Shi and Buchan, G.S. (1992b). New
discoveries in Immunology with direct application in veterinary medicine and

deer farming. Proceedings New Zealand Veterinary Association Deer Br.9:83-
91

Griffin, J.E.T. and Buchan, G.S. (1993a). Aetiology and diagnosis of
Mycobacterium bovis in deer. Veterinary Microbiology. (In Press).

Griffin, J.F.T. and Buchan, G.S. (1993b). BCG vaccination in deer: Distinctions
between delayed type hypersensitivity (DTH) and laboratory parameters of
immunity. Immunology and Cell Biology (In Press).

Hein, W.R. and MacKay, C.R. (1991). Prominence of y3 T cell in the ruminant
immune system. Immunology Today 12:30-34

Inoue, T., Yoshikai, Y., Matsuzaki, G. and Nomoto, K. (1991). Early appearing

v/ bearing T cells during infection with Calmette Guerin Bacillus. Journal of
Immunology 146:2754-2762.

Janeway, C.A,, Jones, B. and Hayday, A. (1988). Specificity and function of T
cells bearing yd receptors. Immunology Today 9:73-76.

Modlin, R.L., Primez, c., Hofmann, F.M., Torigian, V., Uyemura, K., Rea, T.H,,
Bloom, B.R. and Brenner, M.B. (1989). Lymphocytes bearing antigen specific

v/ 3 T-cell receptors accumulate in human infectious Tb lesions. Nature
339:544-548.

Mosmann, T.R., Cherwinski, H., Bond, M.W., Giedlin, M.A. and COffmann, L.
(1986). Two types of murine helper T-cell clones. Recognition according to

profiles of lymphokine activities and surface proteins. Journal of Immunology
136:2348-2357.

Plant, J.E. and Glynn, A. (1976). Genetics of resistance to infection with
Salmonella typhimurium in mice. Journal of Infectious Disease 133:72-78.

Raulet, D.H. (1989). The structure, function and molecular genetics of the y/8
T cell receptor. Annual Review of Immunology 7:175.

Salgame, P., Abrams, ].S., Clayberger, C., Goldstein, H., Convit, J., Modlin, R.L.
and Bloom, B.R. (1991). Differing lymphokine profile of functional subsets of
human CD4 and CD8 cell clones. Science 254:279-282.



	10_35

