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More than 100 years ago Robert Koch presented his exciting description
of Mycobacterium tuberculosis, the parasite responsible for tuberculosis. In this
last century, the preparation of the bacille Calmette-Guérin (BCG) vaccine, the
development of effective radiodiagnostic procedures and chemotherapeutic
agents and, more important in the control of the infection, the improvement
of socioeconomic standards, have caused a sharp decline of tuberculosis inci-
dence in the developed countries. However, tuberculosis remains a major un-
controlled health problem in almost all over the world. Recent WHO (World
Health Organization) data® on the world population lead to the projec-
tion of two million deaths from tuberculosis in the year 2000. Furthermore,
epidemiological studies carried out in Italy by the Ministero della Sanitd” have
pointed out an incidence of 29-145/100,000 cases of tuberculosis in 1982.
Considering these epidemiological data and projections, the WHO has passed
a plan of research on the immunology of tuberculosis with the aim of suc-
cessfully applying immunological strategies to the control of this disease.

Experimental studies have only partially made clear the fundamental mech-
anisms of the immune response to M. tuberculosis. The first rational approach
was attempted by Koch himself observing that guinea pigs previously infected
with M. tuberculosis developed an inflammatory skin reaction to a challenge
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injection with tuberculin. The lesion did not develop in uninfected animals in-
dicating its specific nature. This first description of delayed-type hypersensitivity
(DTH) to mycobacterial antigens has raised several questions concerning the
basic mechanisms of the host’s response to Mycobacteria and other intracellular
parasites, i.e. questions regarding also the causative relationship between DTH
and acquired antibacterial resistance.

It is now widely accepted that protection against facultative intracellular
bacteria as well as DTH are mediated by antigen-specific T lymphocytes®. In
fact, T cells from Mpycobacteria-infected donors produce, after in vitro antigenic
stimulation, multiple lymphokines such as interleukin-2 (IL-2), migration-inhib-
iting factor (MIF), macrophage-activating factor (MAF) and y-interferon (IFN).
The result of the lymphokine production is the hyperactivation of macro-
phages which differ from normal macrophages as far as cell size, surface mol-
ecules expression’, lysosomal acid hydrolases, respiratory enzymes and micro-
bicidal activity” are concerned. Lymphokine-activated macrophages are there-
fore the final products responsible for protection, inflammatory reaction and
tissue damage.

During the last 10 years, basic immunology has developed new technolo-
gies and provided new findings which allow a more detailed analysis of the
mechanisms that are the basis of protective immunity and DTH. The develop-
ment of monoclonal antibodies to T cell differentiation markers and clono-
types and the T cell cloning technology* have pointed out that the T cell sys-
tem consists of different, functionally distinct cellular subpopulations recogniz-
ing nominal antigen in the context of class I or class II molecules of the major
histocompatibility complex (MHC)*. The different T cell subsets and their role
in the antibacterial immunity are now key points under investigation in the
model of Listeria monocytogenes® and M. tuberculosis® infections.

The aim of this review is to give a brief description of the immunology of
tuberculosis by providing recent data obtained in our laboratories on the
cellular interactions involved in the immune response to M. tuberculosis. In
particular, the following aspects will be discussed: i the role of B cells in pro-
cessing and presenting M. tuberculosis antigens to T cells; i the activation and
characterization of mycobacterial-specific T lymphocytes; ii. the cellular and
molecular mechanisms regulating the immune response to M. tuberculosis.
Finally, a genetic engineering approach to the development of a second genera-
tion vaccine against M. tuberculosis will be briefly presented.

1. Role of B lymphocytes in phagocytizing and processing M. tuberculosis

The ability of macrophages to phagocytize M. tuberculosis and then function
as antigen-presenting cells (APC) in the induction of mycobacterial-specific T
cell responses has been extensively reported both in human and in experimen-
tal animals. However, the attention has been recently focused on the ability of
some ‘classically’ defined nonphagocytic cells, such as the lymphoid dendritic
cells®?, and B cells*”* to induce many T cell responses in vitro. In most of
these studies, soluble forms of antigens have been used and the biological role
of such cells in the induction of the immune response to intracellular pathogens
is unknown. To extend our knowledge of the functional activity of B lympho-
cytes as APC and to investigate such role in the antitubercular immunity, we
examined their ability to phagocytize and process M. tuberculosis cells?.
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Fig. 1 - Electron micrograph of EBV-B cells at different times of whole:-H37Rv incubation. A:
several mycobacterial cells can be seen outside the cells which often show pseudopodia (arrows)
after 2h of incubation; B: the arrows indicate an initial invagination of plasma cell membrane
partially surrounding a mycobacterial cell; C: several mycobacterial cells are visible inside the
membrane-bound intracytoplasmic vacuole (v) after 18h of incubation. N = nucleus; m = mito-
chondria.

For this purpose, human B cells were transformed in vitro with the Epstein-
Barr virus (EBV) and then used to investigate the following steps of the antigen
presentation: i the phagocytosis of the whole M. tuberculosis cells; i the proces-
sing of M. tuberculosis; iii. the presentation of mycobacterial epitopes to T cells.

The capacity of EBV-B cells to phagocytize the whole M. tuberculosis cells
(H37Rv strain) has been analyzed by electron microscopy at different times of
the antigen pulsing. After 2h of incubation, several EBV-B cells showed cyto-
plasmic elongated projections within clusters of mycobacterial cells. Some
mycobacterial cells appeared very close to the plasma membrane which often
began to undergo invagination around the bacterium (fig. 1, A and B). After
18h of incubation, numerous mycobacterial cells are engulfed in enlarged
phagosome-like organelles (fig. 1C). The presence of lysosomal vacuoles inside
the cytoplasm of EBV-B cells has been recently reported by CHu et al.” using
electron microscopy and by staining the cells with acid phosphatase. Lysosome-
like and acid phosphatase-containing vacuoles similar to those seen in mono-
cytes were found in tumor B cells but were absent in resting B cells. The
possibility that in vivo-activated B cells behave similarly to tumor cells in their
antigen presentation has been recently reported’. Work is in progress to ob-
serve the presence of lysosomes on mycobacterial-activated normal B cells.

The electron microscopy observations have raised the question about the
capacity of EBV-B cells to process and present mycobacterial antigen prepa-
rations to specific T cells. This point has been investigated by evaluating the
ability of both the particulate and soluble forms of antigen to induce the
proliferation of mycobacterial-specific T cell clones (TLC). The particulate forms
of antigen consisted of the whole M. tuberculosis (whole-H37Rv) and of the M.
bovis strain BCG (whole-BCG) cells, whereas soluble antigens consisted of the
purified protein derivative (PPD) and of the soluble extract from M. tuberculosis
(soluble-H37Rv). Table 1 shows that EBV-B cells present not only the soluble
but also the particulate forms of mycobacterial antigen when added to T cell
cultures, although less efficiently than peripheral blood mononuclear cells
(PBMC).
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T cells PPD soluble-H37Rv whole-H37Rv whole-BCG

autologous PBMC

Ewd/7 16,107 57,024 35,656 14,522
Ew4/10 5,647 4,373 4,769 1,264
LL1 16,212 nd 12,892 nd

autologous EBV-B cells

DGAl 12,541 10,944 1,475 nd
LL1} 6,382 nd 12,648 nd
LB1 8,399 nd 5,077 3,497

PPD-specific T cell lines and clones (104 cells/well) were cultured for 4 days with either irradiated (3,000 rads)
autologous PBMC (10* cclls/well) or EBV-B cells (10 cells/well). The antigen preparations were added at the
beginning of the cultures, while radioactive thymidine (0.5 p.Ci/well) was added 12h before the end of the
cultures. The results were expressed as cpm and the standard deviation was always less than 10%. Background
proliferation (no antigen) was subtracted; nd = not determined.

Tab. 1 - Presentation of soluble and particulate mycobacterial antigens by autologous PBMC and
EBV-B cells.

The requirement of the processing step for antigen presentation of the
whole-H87Rv cells has been analyzed by using chloroquine, an agent which
interferes with normal lysosome functions both at the level of macrophages*
and B tumor cells”. For this purpose, EBV-B cells were incubated for 2h with
chloroquine and antigen preparations, then washed and cultured for 3 days
with TLC. Table 2 shows that the treatment of EBV-B cells with chloroquine
inhibits T cell activation when the whole-H37Rv is used, whereas the same
treatment only marginally interferes with PPD presentation. Increasing the con-
centration of chloroquine, also the presentation of PPD is inhibited. This ob-
servation strongly suggests that the whole mycobacterial cell requires a more
complex processing step than that required for handling soluble PPD. Similar
observations have been previously reported by ZieGLEr and UNANUE™ in the
Listeria monocytogenes system. In this study, lysosomotropic agents were shown
to inhibit both degradation of the antigen by murine macrophages and the
capacity of these cells to present bacterial epitopes in an antigen-specific bind-
ing and proliferation assay. Taken all together, these studies point out a com-
mon mode of handling intracellular pathogens by macrophages and B cell
lymphomas. A still open question is whether microbial-activated normal B cells
can be compared to B cell lymphomas in successfully handling the whole
bacteria.

The mechanisms by which B cells process protein antigens and present the
resulting fragments to T cells have not been as well explored as with macro-
phages, but the role of the immunoglobulin receptor i these processes has
been recently addressed. Rock et al.* showed that murine 2,4,6-trinitrophenyl
(TNP)specific B cells are 1,000-fold more efficient in presenting TNP-coupled
synthetic polymer (Glu-Lys-Phe) to a polymer-specific T cell hybrid, if compar-
ed to the presentation of the polymer in absence of TNP, indicating that the
presentation of the polymer is enhanced by the uptake of the molecule via the
TNP-specific immunoglobulin receptor. In the human system, LANZAVECCHIA®
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similarly showed that tetanus toxoid-specific EBV-B cells were able to present
the antigen to specific T cell lines at concentration four orders of magnitude
lower than required for presentation by nonspecific B cells or peripheral blood
monocytes. The role of the immunoglobulin receptor to concentrate the antigen
on specific B cell surface for subsequent internalization, processing and presenta-
tion has been also analyzed by MarLynN et al.* in a model in which a particulate
form of antigen was used. In fact, they showed that murine antigen-primed B
cells were able to present sheep red blood cells to specific T cell clones. However,
in such an experimental model the possibility that sheep red blood cells could
release soluble antigens in culture and/or that macrophages present within the
population could process the antigen (which is then taken up and presented by
B cells) cannot be excluded. Our experimental model overcame this possible criti-
cism because supernatants from the whole M. tuberculosis cells failed to activate T
cells, thus excluding the presence of soluble molecules contaminating the whole-
H37Rv preparation. Moreover, the use of EBV-B as antigen-presenting cells and
the use of T cell clones as responder population allow us to exclude macrophages
as responsible for M. tuberculosis presentation.

To investigate the role of the immunoglobulin receptors in mycobacterial
uptake and T cell activation, PPD-specific and nonspecific EBV-B cell clones
were selected by their capacity to produce anti-PPD antibodies . Figure 2 shows
the difference between PPD-specific and nonspecific EBV-B cell clones in the
presentation of soluble and particulate antigens to T cell clones in an 18-h
pulsing experiment. As it can be seen, the level of T cell proliferation induced
by PPD-specific EBV-B cells is higher than that observed with nonspecific EBV-B
cells at all cell ratios used, both with soluble and particulate forms of antigen.

Although the present and previous reports®™" have clearly shown that the
presentation of the antigen by B cell lymphomas occurs without any apparent
need of the surface immunoglobulin specificity for the antigen, the specific
interaction between antigen and surface immunoglobulin receptors may be
necessary when lower and more physiologic doses of the antigen are used***.
The interaction of mycobacterial antigens with specific B cells could serve not

PPD whole-H37Rv
treatment of pulsing pulsing
EBV-B cells
1 a 1 1
none 5,515 51,042 8,174 18,961
chloroquine 6.252 41,753 1,282 3,918
(0) (18) (84} (79}

Chloroquine (10~ M) was added to EBV-B cells (5x10°/ml) during the pulsing period of 18h in the presence
of either PPD or whole-H37Rv. At the end of pulsing, EBV-B cells were washed three times, irradiated using
a low dose (3,000 rads) and then added to cultures. In the experiment I, the responder cell population
consisted of T cell lines, while in the experiment II purified resting T cells were used. All cultures were
harvested after 4 days and radioactive thymidine was added in the last 12h of culture. The results are ex-
pressed as cpm. The percentage of inhibition of antigen presentation by chloroquine treatment is shown in
brackets.

Tab. 2 - Effect of chloroquine treatment on the antigen presentation by EBV-B cells.
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Fig. 2 - Presentation of soluble (on the left) and particulate (on the right) forms of mycobacterial
antigen by PPD-specific and nonspecific EBV-B cell clones. PPD-specific (0) and nonspecific (w)
EBV-B cells were pulsed for 18h in the presence of PPD (on the left) or whole-H37Rv (on the right)
antigens. After pulsing, the cells were washed, irradiated (7,500 rads) and added at different num-
bers to T cell clone DGA1. Cells were cultured for 4 days and radioactive thymidine ¢*H-TdR)
was added 20h before harvesting.

only to focus the antigen or to change the activation state of the B cell, but
also to select the antigenic determinants to be presented to T cells. In fact, re-
cent data from Celada’s group have shown that f-galactosidase-specific B cells
present specific determinants different from those recognized by the immuno-
globulin receptors to T cell clones (F. Manca, personal communication). As a
consequence of these observations, the role of specific B lymphocytes in the
tuberculosis has to be considered, not only in terms of antibody production
but also in the context of the antigen presentation and selection of mycobac-
terial determinants for T cell activation.

2. Activation and characterization of mycobacterial-specific T lymphocytes

It has recently become possible to maintain antigen-specific and function-
ally active T lymphocytes in monoclonal form*. This monoclonal approach is
providing more information on the T cell subpopulations involved in the mi-
crobial infections carried out by intracellular parasites, such as the malaria®,
lepra® and Listeria® ones. T cell clones and lines from tuberculosis patients
have been developed in our laboratories for two purposes: i. characterization
of mycobacterial-specific T cell subpopulations and their biological activities,
ii. analysis of the antigenic determinants important in the anti-mycobacterial
immunity.

Peripheral blood mononuclear cells from both tuberculosis patients and
BCG-vaccinated healthy donors were stimulated in vitro with distinct antigenic
M. tuberculosis preparations, and then cloned and propagated as recently de-
scribed”. Autologous EBV-transformed B cells were used as APC as above re-
ported. One advantage of using EBV-B cells as APC is that such cells provide
a continuous and unlimited source of APC, thus reducing the number of
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autologous mononuclear cells needed for the propagation of antigen-specific
TLC. Thirty mycobacterial-reactive proliferating TLC were randomly selected
and studied in a more detailed way as far as their antigen specificities were
concerned. All tested TLC had the T3* and T4* phenotypes, expressed CD25
antigen (IL-2 receptor) and were strongly positive for HLA-DR. Table 3 illus-
trates their proliferative responses to different microbial antigenic prepara-
tions. As it can be seen, all TLC respond to an optimal dose of M. tuberculosis
extract from the H37Rv strain or to PPD. All these TLC were also cross-reactive
to M. bouis, but failed to recognize other mycobacterial species such as M.
gordonae or M. avium. None of the TLC showed proliferative responses in the

resence of APC and tetanus toxoid (TT) or Candida albicans polysaccharide
extract (MPPS), which were tested as non-mycobacterial control antigens. All
TLC tested were found to be HLA-DR restricted in their response, as shown
by inhibition studies.

The TLC reactivity was also evaluated in terms of y-IFN production. The
analysis of this lymphokine has been chosen since it is widely accepted that
v-IFN plays a major role in the macrophage activation and hence in anti-
mycobacterial immunity'®*. The production of y-IFN after stimulation with
human recombinant IL-2 (rIL-2) of TLC was also investigated: supernatants
from activated TLC in the presence or absence of rIL-2 were collected at 24
and 48h, and their y-IFN activity was biologically tested as previously report-
ed*. Table 4 shows y-IFN production in culture supernatants from three
mycobacterial-specific and PPD-stimulated TLC in the presence or absence of
rIL-2. Mycobacterial-specific human T cell clones have been recently shown to
release other molecules with macrophage-activating properties different from
v-IFN?*, indicating the complexity of the T cell- macrophage interaction in the
expression phase of the immune response to M. tuberculosis.

Although it is well demonstrated that protective immunity against intracel-
lular bacteria including M. tuberculosis is mediated by specific helper T cells that
activate macrophages, there are some recent evidences that specific cytotoxic T

antigens Ew4/1 Ew4/7 Ew4/10 Gw8/9 Gw8/16 DG2/2 DG2/5
- 242 207 182 161 279 945 430
PPD 8,939 6,231 15,728 959 18,582 5,494 14,389
H37Rv 9,307 7,656 7,071 19,015 28,584 nd nd
M. bovis 10,038 5,737 9,143 5,723 15,067 nd nd
M. gordonae 471 284 240 182 340 nd nd
M. avium 268 380 164 398 254 nd nd
MPPS 266 231 254 184 263 928 500
TT 217 258 278 198 292 980 370

T cell clones (10* cells/well) were cultured for 4 days with irradiated autologous PBMC (10° cells/well). The
clones DG2/2 and DG2/5 were cultured with irradiated EBV-B cells (10% cells/well) as APC. The antigen
preparations were added at the beginning of the cultures, whereas radioactive thymidine (0.5 u.Ci/well} was
added 12h before the end of cultures. The DNA synthesis was expressed as cpm and che standard deviation
was always less than 10%.

Tab. 3 - Proliferative response of mycobacterial-specific T cell clones.
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culture conditions

TLC h APC APC (PPD) APC (PPD) + rIL-2
JH-TdR IFN HTAR IFN 3H-TAR IFN
DG2/2 24 2,199 <3 8,318 10 61,388 30
43 2,475 <3 16,192 30 75,956 30
DG2/5 24 2,312 <3 6,501 30 30,934 100
48 2,474 <3 16,518 30 41,291 30
DG2/8 24 nd <3 nd 10 21,626 30
48 nd <3 nd 10 28,993 20

TLC were cultured for 3 days in the presence of APC alone, APC plus PPD or APC plus PPD and rIL-2
(10 U/m). The 24-h culture supernatants were titrated for y-IFN activity (30). The radioactive thymidine (H-TdR)
was added 12h before harvesting and the results are reported as cpm.

Tab. 4 - DNA synthesis and IFN production in TLC cultures stimulated with PPD and IL-2.

lymphocytes are also involved in the protection against mycobacterial infec-
tions*. Moreover, human cytotoxic T cells from BCG-vaccinated volunteers
able to kill more efficiently than allogeneic ones autologous antigen-labelled
target cells have been reported®. This suggests the possibility that cytotoxic T
cells may play a protective role in tuberculosis. The generation of murine
cytotoxic T cell clones specific for Listeria monocytogenes has been recently
described® and their putative role in the protection has been suggested. In our
laboratories we are investigating this aspect by developing CD8" cytotoxic T
cell clones and using EBV-B as target cells.

The T cell cloning approach is also useful to answer the question of the
antigenic determinants of M. tuberculosis important in anti-mycobacterial im-
munity. This key point has been approached biochemically by fractionation
and partial purification of mycobacterial components for more than 50 years,
but no conclusive evidences have been reached at the level of protein deter-
minants involved in T cell activation. In fact, both the antigenic preparations
used for immunodiagnosis (PPD) and vaccination (BCG) of tuberculosis are not
judged efficient by clinical and epidemiological studies. A second generation
of defined mycobacterial antigens useful in immunodiagnosis and prophylaxis
may be prepared using the DNA recombinant technology. Recently, Younc et
al.® developed a A-gT11 recombinant DNA library of M. tuberculosis. Recombi-
nant genomic DNA libraries can be screened with antibody probes*** to point
out antigens produced by specific recombinant clones. The feasibility of this
approach has been recently reported by THoLE et al.”, who have isolated a
64-kD protein by screening a M. bovis-BCG library. Kaufmann’s group™ showed
that such a recombinant protein specifically stimulates human T4 clones reac-
tive to mycobacterial antigens. In our laboratories, relevant recombinant myco-
bacterial determinants are identified by screening the M. tuberculosis DNA
library using human monoclonal antibodies* and sera from tuberculosis pa-
tients. Such recombinant antigens are then tested with our panel of TLC in
a proliferative assay. Work is in progress to establish a relationship between
recombinant products and T cell function.
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The determination of the antigenic structure of M. tuberculosis will allow to
investigate in more details the induction of the immune response leading not
only to the protection but also to the host’s tissue damage. The negative eftects
of the immune response to M. tuberculosis may be due to both the T and the
B cell mechanisms. The production of IL-2 and IFN by mycobacterial-specific
T lymphocytes can induce: i. the activation of macrophages and then the re-
lease of proteolytic enzymes (classical delayed-type hypersensitivity), and i. the
development of autoreactive T cell clones (autoimmunity). In fact, YIFN is
known to increase the expression of MHC class II molecules on macrophages,
B cells and other non-immunologically relevant cells"*%. Moreover, recent ob-
servations suggest that autoreactive T cell clones may locally arise where IFN
is released” and frequently develop in PBMC cultures stimulated with PPD
(unpublished observations) and other microbial antigens". The negative effects
of B cell reactivity can be reported to the production of anti-mycobacterial
antibodies. In turn, mycobacterial-specific B cells and antibodies may be able
to induce the production of auto-anti-idiotypic antibodies. In fact, an anti-
idiotypic response has been reported to arise during a murine mycobacterial
infection and to suppress the mycobacterial-specific T cell reactivity". There-
fore, the identification of antigenic determinants responsible for the activation
of T and B cells which lack a protective role but possess negative effects is a
goal of the paramount importance in the preparation of a second generation
vaccine for the control of tuberculosis.

8. Cellular and molecular mechanisms regulating the immune response
to M. tuberculosis

There is a large number of data describing the down regulation of mycobac-
terial-speciﬁc immune response in experimental animals. Several possibilities,
including defective macrophage function, absence of reactive T cells from the
circulation and active suppression carried out by distinct cell populations have
been suggested to explain the regulation of DTH response to mycobacterial
antigens. However, the mechanism of such down regulation and its cellular
target is still unclear. Furthermore, no information is available on the regula-
tion of anti-mycobacterial immunity at the clonal level in humans.

In our laboratories, we have previously described the activation of T
suppressor cells by the Candida albicans polysaccharide MPPS* and, more re-
cently, the characterization of an antigen nonspecific inhibitory molecule(s)
(nsINH) released in vitro by human CD8" T cells specifically activated with re-
call microbial antigens such as MPPS and PPD*?. The possibility that proteins
present in the PPD preparation contain determinants able to activate distinct
T cell subsets, including T suppressor cells, has been reported in other models
by showing the presence of both suppressor and helper epitopes in the same
molecule’. Molecules with antigen nonspecific and genetic unrestricted inhibi-
tory activity have been described as the final component of the complex T
suppressor cell circuit which regulates contact hypersensitivity to haptens in
the mouse (for a review, see ASHERSON et al.’). In the present model, nsINH
produced by PPD-activated PBMC has been reported to inhibit both prolifera-
tion and natural killer cell induction by interfering with the lymphokine cascade
at more than one level. In fact, the release of IL-1 production by PPD-activated
monocytes’ and the production of IL-2 and y-interferon by MPPS- or PPD-
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activated T cells as well as the expression of IL-2 receptor® are inhibited by
the addition of nsINH at the beginning of the culture.

The mechanism of action of such nsINH has been then investigated by
using the TLC panel; nsINH was added at the beginning of the cultures con-
taining mycobacterial-specific TLC, irradiated APC and antigen (M. bovis or
H37Rv or PPD). Table 5 shows that nsINH produced by MPPS- or PPD-activat-
ed PBMC constantly inhibits the mycobacterial-specific TLC proliferation, thus
confirming previous results on the antigen nonspecific activity of the nsINH.
Preliminary evidences suggest that the T cell is the target of nsINH activity. In
fact, the inhibition of TLC proliferation is also observed when nsINH is pre-
incubated with T cell clones, then removed, and TLC are cultured in fresh me-
dium with APC and antigen.

Other lymphokines with regulatory functions such as lymphotoxin (LT)"
and tumor necrosis factor (TNF)* have been described and recently cloned. To
exclude the possibility that nsINH activity is LT or TNF in nature, we have
used anti-LT and anti-TNF monoclonal antibodies to neutralize the contaminat-
ing putative LT and TNF activity on nsINH-containing supernatants. Table 6
shows that anti- TNF antibodies fail to block the inhibitory activity of nsINH,
whereas they are fully able to remove TNF activity. Similar findings are ob-
served with anti-LT antibodies. These results suggest that nsINH is a regulato-
ry lymphokine distinct from LT and TNF.

The findings here reported on the inhibitory effect of nsINH on mycobac-
terial-specific TLC open the question about the biological role of nsINH in
human tuberculosis. It is well known that the advanced disseminated form of
pulmonary tuberculosis is accompanied by a state of immunological unre-
sponsiveness to several antigens, as judged in vivo by skin tests**. Furthermore,
peripheral blood mononuclear cells from such patients fail to proliferate and
to release IL-2 and v-IFN when stimulated in vitro with PPD*. However, they

addidon to culture of

TLC antigen

medium nsINHypps nsINH;,p
Gw8/9 H37Rv 3,291 1,500 (49) 396 (83)
Ew4/1 H37Rv 4,461 2,486 (44) nd
Ew4/10 H37Rv 2,753 1,827 (33) nd
Gw8/16 M. bovis 3,976 2,024 (49) 733 (81)
DG2/2 PPD 13,594 nd 9,346 (31)
DG2/2* PPD 6,418 nd 2,233 (46)
DG2/5 PPD 2,904 nd 2,147 (26}
DG2/5* PPD 6,340 nd 4,151 (35}

T cell clones (104 cells/well) were cultured with irradiated PBMC (10° cells/ well) or EBV-B cells {10* cells/ well)*
and different mycobacterial antigen preparations in the absence or presence of 50% nsINHypps or nsINHppp-
The radioactive thymidine was added 12h before harvesting. The results are reported as cpm. Background
proliferation (T cell clones with APC without antigen) was less than 10%. Numbers in brackets indicate the
percentage of inhibition.

Tab. 5 - Effect of nsINH on mycobacterial-specific T cell clones.
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nsINH monoclonal antibodies TNF cpm (% inhibition)
- - 78,659
+ - - 51,534 (34)
+ anti-LT -~ 51,249 (35)
+ anti-TNF — 54,071 (31)
- - + 42,802 (45)
- ant-LT + 45,277 (42)
- ant-TNF + 73,630 ( 6)

Mycobacterial-specific T cell clones (Ew4/7) were cultured with PBMC and H37Rv; nsINH containing super-
natanes pretreated (6h at 4 °C) with monoclonal antibodies anti-lymphotoxin (anti-LT) or anti-tumor necro-
sis factor (anti TNF) were added at the beginning of the culture. TNF (10* U) was used in the control exper-
iment instead of nsINH. Data are reported as cpm and the percentage of inhibition is shown in brackets.

Tab. 6 - Effect of anti-LT and anti- TNF monoclonal antibodies on nsINH activity.

can express IL-2 receptor and the addition in culture of recombinant IL-2
enhances both cell proliferation and IFN production®®. Similar observations
are found in mice injected with high doses of M. bouis, strain BCG. Their
lymphocytes fail to react to PPD, but this unresponsiveness can be reversed
both in vitro and in vive by the administration of exogenous IL-2* or feeding
the infected mice on a diet supplemented with vitamin A acetate, treatment
which is known to increase the IL-2 production. It is interesting to note that
spleen cells from BCG-infected mice release a nsINH in culture which blocks
both cell proliferation and IL-2 production . These studies in both the human
and murine models might suggest a role of nsINH in the control of the immune
response to Mycobacteria, although a cause-effect relationship between nsINH
and mycobacterial immunological unresponsiveness is still lacking.

In chronic infections, low T cell activation and lymphokine production may
lead to a situation in which microorganisms persist in insufficiently activated
macrophages. Under these circumstances, the inhibition of nsINH production
or the increase of IL-2 may reach helpful effects. Immunotherapy with T cell
clones and rIL-2 in mycobacterial** and listeriosis* infections has provided
preliminary evidence that such approach could be highly promising to activate
antibacterial mechanisms in the host.

CONCLUSIONS

Figure 3 shows a complex scenario with cells and molecules involved in
the immune response to M. tuberculosis, as it is possible to draw with the data
presented in this review. As it can be seen, the antigenic complexity of M.
tuberculosis allows the activation of both B and T cells, the latter displaying
distinct phenotypes and functions, i.e., helper, cytotoxic and suppressor. The
helper cells mediate antitubercular immunity both activating macrophages
through the release of y-IFN and MAF and inducing the differentiation and
proliferation of mycobacterial-specific cytotoxic T cells through the production
of IL-2. Other mycobacterial determinants may activate T suppressor cells

11
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Fig. 3 - Diagram illustrating the complexity of the immune response to M. tuberculosis (MTB). The
focus is on the distinct helper and suppressor epitopes present on mycobacterial proteins and
on the subsequent activation of T helper and suppressor cells. Protection and/or tissue damages
are the final effects of the immune response to M. tuberculosis.

which regulate the undergoing immune response by the release of nsINH, a
molecule functionally similar to other lymphokines for its antigen nonspecific
and genetically unrestricted mode of action. The role of B lymphocytes in
antitubercular immunity may be reported to the selection of mycobacterial
determinants presented to T cells. However, as it can be seen from the lower
part of fig. 8, tissue damages can occur during the immune response to My-
cobacteria, and both T and B cell mechanisms are at the basis of such harmful
effects. The identification by the recombinant DNA technology of antigenic
determinants specific for the activation of T cells with protective function and
the possibility to abrogate the immunological unresponsiveness by the adminis-
tration of exogenous IL-2 are the main directions of research for immunolo-
gists in the field of tuberculosis.

SUMMARY

Tuberculosis is still one of the major health problems in almost all over the world. Thus,
new directions in basic and applied research on tuberculosis are under investigation. In this
review we have provided recent data obtained in our laboratories on three main aspects of the im-
munology of tuberculosis, namely: i the role of B lymphocytes in the processing and presentation
of Mycobacterium tuberculosis antigens to T cells; ii. the activation and characterization of mycobac-
terial-specific T cell clones; iii. the T cell regulation of the immune response to M. tuberculosis.
The analysis of the antigenic determinants of M. tuberculosis relevant in the antimycobacterial
immunity is the major goal of the WHO programme on the immunology of tuberculosis. In
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fact, the attempt to develop a second generation vaccine against this microorganism is now
possible by analyzing recombinant genomic DNA libraries of M. tuberculosis with monoclon-
al antibodies and T cell clones. In the near future, the identification of epitopes recognized by
mycobacterial-specific T cells with helper, cytotoxic and suppressor functions will allow the prep-
aration of recombinant and synthetic vaccines effective in the control of this disease.
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