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IMMUNITY TO INTRACELLULAR BACTERIA
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Immunity to intracellular bacteria including Mycobacterium tuberculosis, Mycobacterium
leprae, and Listeria monocytogenes depends on specific T cells. Evidence to be described

suggests that CD4 o/ T cells, CD8 a/B T cells and yD T cells which interact with each other
and with macrophages contribute (o aquired resistance against as well as pathogenesis of

intracellular bacterial infections.
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Intracellular bacteria have decided to abuse
mononuclear phagocytes as preferred habitat
(Hahn & Kaufmann, 1981). This group of
pathogens includes Mycobacterium fuberculo-
sis, Mycobacterium leprae, Listeria monocyto-
genes, Legionella pneumophila and others. The
medically most important member of this
group, the etiologic agent of tuberculosis, af-
flicts more than 60 million people worldwide
(Kaufmann & Young, 1992). Three million
people die of this disease annually and yearly
more than 10 million people become diseased.
According to current estimates one third to
one half of the world population 1s infected
with this pathogen. Despite the severity of this
medical problem, therefore, many people must
possess potent immune mechanisms capable
of controlling infection,

Immunity rests on the cellular arm of the
immune response, T lymphocytes are able to
recognize infected macrophages and then to
set into motion protective mechanisms. These
are potent in that they cause microbial con-
tatnment 1n discrete focit where replication is
markedly reduced. On the other hand, the
immune response 1s impotent in that it often
fails to totally eradicate the intracellular patho-
gens. Protective immunity, therefore, may be
viewed as a labile balance, the regulation of
which depends on may factors both on the side
of the host and on the side of the pathogen.
Such a labilc balance is subject to changes
that may cause transition to clinical disease at
a later time. In tuberculosis, therefore, reacti-
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vation of persistent foci after weakening of the
immune system is the typical reason for adult
tuberculosis. In this short treatise we will dis-
cuss findings, mostly from our laboratory,
which may help to better understand the mecha-
nisms that contribute to protection against tu-
berculosis and probably other intracellular
bacterial infections,

THE MURINE MODEL

Although the mouse 1s relatively resistant-
against tuberculous bacilli, it provides a help-
ful model for experimental analyses because
its immune system is extemely well under-
stood. In the munne model, both CD4 T cells
and CD8 T cells seem to contribute to protec-
tion against tuberculosis (Miiller et al., 1987).
This notion is based on findings in which mice
were treated with monoclonal antibodies
against CD4 or CD8 T cells to deplete the
relevant T cell populations. Subsequently, bac-
teriral numbers 1n spleens were determined.
Treatment with either anti-CD4 or with anti-
CD8 antibodies significantly increased bacte-
rial counts. Treatment with both antibodies did
not lead to further exacerbation. These find-
ings suggest that both CD4 and CD8 T cells
are 1nvolved in the acquisition of protective
iImmunity against tuberculosis in a murine
model. However, it may also be noted that the
increase in bacterial counts was less than 10-
fold 1n antibody-treated mice. These data may
be taken as evidence that additional, o/f T-
ccll-independent mechanisms contribute to
acquired resistance against tuberculosis. Evi-
dence in favour of this notion will be dis-
cussed below.
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To further characterize the T cells involved
In acquired resistance, cloned T cells of CD4
and CD8 phenotype were established from mice
immunized with mycobacteria. CD4 T cell
clones were class-Il-restricted and they pro-
duced interferon-y (IFN-y) and interleukin 2
(IL-2) after restimulation with mycobacterial
antigens plus accessory cells (Kaufmann &
Flesch, 1986). Therefore, they have the char-
actenistic features of Ty, cells (Mosmann &
Coffman, 1989). Importantly, the supernatants
produced by these T cells were capable of
activating tuberculostatic activities in macroph-
ages. Using a variety of recombinant inter-
leukins, it could be shown that activation of
mycobacterial growth inhibition 1n murine
macrophages 1s primarily a function of IFN-y
(Flesch & Kaufmann, 1987). CD4 T cell clones
with specificity for mycobactenal antigens also
express cytolytic activity: they are capable of
lysing macrophages presenting mycobacterial
antigens (Kaufmann, 1988). In these studies,
bone marrow derived macrophages were used
which express only negligible amounts of class
IT molecules. Therefore, in addition to antigen
pulsing these macrophages had to be pre-
stimulated with IFN-y to cause class Il expres-
sion.

CDS8 T cell clones with specificity for my-
cobacteria were also isolated (Chiplunkar et
al., 1986; DeLibero et al., 1988). Several clones
were class-I-restricted although clones were
identified which were apparently non-restricted.
These T cells lysed macrophages pulsed with
mycobacterial antigens even without prior IFN-
y stimulation. In addition, CD8 T cells with
specificity for mycobacteria secreted JFN-y
after costimulation with mycobacterial antigens,
accessory cells and IL-2.

In order to assess whether cytolytic T cells
affect intracellular growth of mycobactena the
following experiment was performed: Macroph-
ages were infected with viable mycobacteria
and afterwards cytolytic CD8 T cells added.
Not only were the mycobacteria-infected mac-
rophages lysed. Cytolysis was also paralleled
by mycobacterial growth inhibition as as-
sessed by 3H-uracil uptake (DeLibero et al.,
1988). These data may be taken as circum-
stantial evidence that macrophage destruction
1s associated with inhibition of mycobacterial
growth.

In summary, the functional activities of
murine CD4 and CD8 T cells with specificity
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for mycobacteria do not appear to differ mark-
edly. Rather, these cells seem to differ in their
genetic restriction with CD8 T cells having a
much broader target spectrum. Since M. fuber-
culosis primarily infects macrophages, this
broad spectrum may be of minor relevance for
the control of tuberculosis. However, other
intracellular bacteria also inhabit nonprofes-
sional phagocytes, as well. Thus, hepatocytes
represent a major habitat for L. monocytogenes
and Schwann cells are often abused by M.
leprae. These cells are constitutively class 1I-
negative and may only be recognizeable for
CD8 T cells. In fact, in the murine model
Schwann cells are even constitutively class-I-
negative. However, stimulation with IFN-y
caused class I expression. Accordingly, we
found that Schwann cells pulsed with M. leprae
and stimulated with IFN-y are lysed by myco-
bacteria-specific CD8 T cells (Steinhoff &
Kaufmann, 1988).

THE HUMAN SYSTEM

The role of CD4 and CD8 T cells in anti-
bacterial immunity as analyzed in the murine
model, in principle, also holds true for the
human system. T cells with specificity for
mycobacterial antigens have been isolated both
from patients and from healthy individuals
without clinical signs of disease (Emmrich et
al., 1986; Munk et al., 1988, 1989). These
CD4 T cells produce IL-2 and IFN-y upon
appropnate stimulation and express cytolytic
activity. These biological features ascribe
mycobacteria-reactive CD4 T cells to the Ty,
set (Romagnani, 1991). In contrast to the
murine system, CD8 T cells have been iso-
lated only occasionally and it appears that both,
cytolytic effector function and interleukin se-
cretion, primarily rest in the CD4 T cell popu-
lation. Therefore, further studies will be re-
quired to definitely define the relevance of

CD8 T cells in the control of human tubercu-
losis.

Several in vitro studies performed during
recent years suggest that an additional T cell
population contributes to immunity against
tubcrculosis and probably other bacterial in-
fections: these T cells express a different T
cell receptor composed of a y and a & chain
and, accordingly, are termed y/d T cells. The
y/0 T lymphocytes represent a minor fraction
among peripheral blood T cells and in normal
healthy individuals they make up less than 10%
of the peripheral lymphocyte pool. However,
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In vitro activation with mycobacterial or other
bactenal preparations causes a marked expan-
sion of the y/& T cell set. Often, after cultiva-
tton for 7-10 days, the relative percentage in-
creases to up to 50%. Besitdes M. tuberculosis,
also M. leprae, L. monocytogenes, S. aureus,
and group A streptococcus organisms caused a
significant expansion of y/6 T cells in certain
individuals (Munk et al., 1990). Different in-
dividuals showed distinct response patterns in-
dicating some specificity of the response. On
the other hand, limiting dilution analyses indi-
cate that frequencies of mycobacteria-reactive
y/0 T cells often range i the order of 1/10
(Kabelhtz et al., 1990). These findings would
support olhigoclonal activation and expansion
of y/d T cells, perhaps caused by superantigen-
like entities. Although the btochemical nature
of the responsible moieties is as yet elusive,
evidence has been presented that protease-re-
sistant low molecular weight fractions of M.
tuberculosis stimulate y/0 T cells (Pfeffer et
al.,, 1990). This finding would argue for in-
volvement of nonproteinacious entities very
different from the antigenic peptides and pro-
tein superantigens responsible for a/f T cell
activation. Protease-sensitive, high molecular
weight matenal (probably proteins) also stimu-
lates human y/d T cells.

Mycobactena-activated y/d T cells are ca-
pable of lysing macrophages pulsed with myco-
bacteria leaving unpulsed macrophages virtu-
ally unaffected (Munk et al., 1990). In addi-
tion, selected v/d T cells after restimulation
with M. tuberculosis preparations produced
interleukins (Follows et al., 1992). Thus far,
appreciable concentrations of IFN-y and mar-
ginal levels of IL-2 have been identified. Per-
haps also tumor necrosis factor B (TNF-B) is
secreted. In contrast, interleukin 4 activities
were not detected in cultures of mycobacteria-
activated y/0 T cells. Hence, both y/6 and o/
P T cells show remarkable functional similari-
ties. Whether this is mere redundancy or
whether a/f and y/6 T cells differ in other
Important parameters remains to be established.

CONCLUDING REMARKS

The y/0 T cells accumulate in reactive le-
sions of leprosy patients (Modlin et al., 1989);
they are rapidly activated by in vivo immuni-
zation of mice with complete Freund’s adju-
vant (Janis et al.,, 1989); and appear carly at
the site of M. bovis BCG replication (Inoue et
al., 1991). Perhaps y/d T cells precede a/f T

cells in bacterial infections because of a lower
activation threshold. Another important differ-
ence may be the differential tissue distribution
of a/ff and y/d T cells because y/& T cells
preponderate 1n epithelial layers which repre-
sent the first barrier of entry for many micro-
organisms. Taken together, y/d T cells seem to
provide a first line of anti-bacterial defence
characterized by less stringent specificity and
activation requirements which are succeeded
by the more tightly controlled and more spe-
cific a/p T lymphocytes.

The functional similarities of activated ot/
B and y/d T cells, on the other hand, support
the notion that both, target cell lysis as well as
mobilization and activation of macrophages
represent the essential steps in the acquisition
of protective immunity. There is no doubt that
attraction of mononuclear phagocytes to and
macrophage activation at tuberculous granulo-
mas represent essential mechanisms of protec-
tion. Tuberculous granulomas are composed
of multinucleated giant cells and epitheloid
cells which appear to be of low antimyco-
bacterial potential. These cells confine myco-
bacteria to distinct foci and in this way con-
tribute to the control of infection. Complete
eradication of pathogens (which often does not
occur In the human host) may, however, re-
quire lysis of such cells to allow uptake by
more potent effector cells such as monocytes.
As long as such mechanisms function in a co-
ordinate way, protective corollae will prepon-
derate. Once lytic effects caused by T lympho-
cytes and other mechanisms dominate, harm-
ful consequences may become prominent, in-
cluding the risk of bacterial dissemination and
tissue damage.
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