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CELLULAR MECHANISMS OF SUPPRESSION OF T LYMPHOCYTE
PROLIFERATION BY LUNG CELLS IN EXPERIMENTAL
TUBERCULOSIS

I. G. Kramnik, A. M. Moroz, and A. S. Apt UDC 616.24-002.5-092.9-07:616.155.32
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The course of chronic infections diseases caused by intracellular pathogens, including Mycobacterium tuberculosis, in
laboratory animals and man is accompanied by the development of suppression of the immune response [1, 11]. It is also known
that immunocompetent lung cells in healthy animals have a suppressor action on certain immunologic reactions [7, 8]. However,
the effects of cells of the lung, i.e., the organ of specific localization of tuberculus infection, on the immune response in tubercu-
losis have not been studied, and this is particularly true of the relations between specific and nonspecific immunosuppression in
this infection.

Previously [2], the writers described a high level of suppressor activity of cells isolated from the interstitial tissue of the

lung of mice infected with the virulent strain M. ruberculosis H37Rv. Suppression took place through the action of cells adherent
1o plastic and to nylon wadding, and characterized, besides by nonspecific activity, by a marked antigen-specific component,
because small doses of suppressor cells inhibited only proliferation of T lymphocytes immune to mycobacterial antigens, in
‘response to stimulation by tuberculin (PPD). High doses of lung cells suppressed the response to other antigens also, suggesting
the existence of at least two suppressor mechanisms in foci of tuberculosis infection. In this paper we described the results of a
study of the cellular mechanisms of immunosuppression in mice with tuberculosis.
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Fig. 1. Lymphocytes isolated from lungs of infected mice have no suppressor
action on proliferative response of immune lymphocytes to PPD. a) Prolifera-
tion of cells of immune lymph node in presence of PPD, b) without antigen,
1) without lung cells, 2) in presence of fraction of lung cells enriched with
lymphocytes by centrifugation on Percoll gradient (100,000 cells per well), 3)
in presence of lung cells, removed from nylon wadding (100,000 cells per well),
4) in presence of T lymphocytes isolated from lung and stimulated in vitro for
72 h in presence of 10% supernatant containing IL-2, treated with mi-
tomycin C.
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Fig. 2. Removal of T and B lymphocytes from population of interstitial cells of
the lung does not abolish the suppressor effect. I) Abscissa, number of lung
cells (in thousands per well) treated with: complement (1), anti-Thy 1.2-serum
with complement (2), cells carrying surface immunoglobulin (B lymphocytes)
removed by panning (3). II) Removal of cells undertaking phagocytosis of iron
carbonyl potentiates proliferative response of lung cells to EPD; a) prolifera-
tion of lung cells in presence of PPD (10 ug/ml), b) without antigen. 1) Un-
fractionated lung cells; 2) lung cells not adherent to plastic; 3) lung cells not
adherent to plastic and nylon wadding; 4) lung cells not undertaking phagocy-
tosis of iron carbonyl.
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Fig. 3. Indomethacin does not abolish suppression of the response of immune
lymphocytes to PPD by adherent lung cells. I: 1) 50,000 adherent cells per
well, 2) 25,000 adherent cells per well. IT) Different action of indomethacin (in
ug/mi) in a dose of 10 xg/ml on suppression of antigen-specific proliferation
of lymphocytes immune to antigens of M. tuberculosis and Staphylococcus by
infected lung cells (thousands per well). 1) Lymphocytes immune to mycobac-
terial antigens, 2) the same in the presence of indomethacin, 3) lymphocytes
immune to staphylococcal antigens, 4) the same in the presence of indometha-
cin. Ordinate, response, in per cent.

EXPERIMENTAL METHOD

Mice of the inbred line CBA/Sto aged 3-4 months, obtained from the "Stolbovaya” nursery, Academy of Medical Sciences
of the USSR, were used in the experiments. Infection of the mice and preparation of suspensions of interstitial lung cells were
described previously [2].

A suspension of lung cells was divided into fractions of cells differing in density by centrifugation on a stepwise Percoll
gradient (Pharmacia). For this purpose, a 100% isotonic solution of Percoll was prepared by the addition of one part of 10 times
Dulbecco phosphate-salt buffer without Ca?* and Mg2+ (PBS, from Flow Laboratories) to 9 parts of Percoll. Twenty, 35, 50,
and 70% solutions of Percoll were obtained by mixing the corresponding amounts of 100% isotonic Percoll with a 0.5% solution
of bovine serum albumin (Sigma) in PBS. Next (50-60) x 10 lung cells were washed in calcium-free medium, and resuspended in
5 ml of 100% Percoll, after which, 70, 50, 35, and 20% solutions of Percoll in volumes of 5 ml were layered on them consecu-
tively. After centrifugation (4°C, 30 min, 600g) the cell rings thus obtained were harvested with a finely tapering Pasteur pipet
and the cell fractions were washed 3 times to remove Percoll.

Phagocytic cells were removed after incubation of the suspension of lung cells (5 x 10%ml) with iron carbonyl
(25 mg/ml) for 1 h at 37°C, by means of a permanent magnet, the incubation in the magnetic field being repeated 3 times, for
5 min each time.

Cells carrying surface immunoglobulin (Ig*, B lymphocytes) were removed by incubating the suspension of lung cells
(5 x 10%ml) on plastic Petri dishes, coated with affinity-purified rabbit antibodies against mouse immunoglobulins (Calbiochem)
at 4°C, twice for 1 h each time.

T lymphocytes were removed from the suspension of lung cells by treating the cells with antiserum against Thy 1.2
marker for 1 h at 4°C, and then with rabbit complement (Cederlane) in a dilution of 1:10 for 45 min at 37°C, after which the
cells were washed off 3 times.
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TABLE 1. Lung Cells of Mice Infected with Tuberculosis Suppress Proliferative Response of
Unfractionated Lymph Node Cells but Do Not Suppress Response of T Lymphocytes Non-
adherent to Nylon Wadding

Pressors, num- Proliferation Per cent
Lymph node cells g:i 82 1‘{3115 g}lg o without 15 gii?oiuppres-
(x 107 %y (PPD% antigen
Unfractionated — 31,4435 ~ 42306 7.8 —
40 5,84+0,7 3,740,5 1,6 93
10 98+1,3 2,34+0,3 4,3 73
Nonadherent to nylon wadding — 6,1+0,9 0,9+0,1 6,8 —
40 6,04-1,0 1,740,1 3,5 17
10 5,0-+0,8 0,940,2 5,6 21

Preparation of lung T cells on columns with nylon wadding and of the immune lymphocytes from lymph nodes, and the
conduct of the proliferative tests in vitro were described previously [2].

In some experiments populations of suppressor cells were treated with mitomycin C (Kyuo) in a concentration of .
25 pg/ml at 37°C for 30 min. Indomethacin (Sigma) was dissolved in ethanol in a concentration of 10 mg/m! and added to the
culture medium to assess the proliferative response in a final concentration of 1-10 x#g/ml.

Intracellular mycobacteria were detected by staining methanol-fixed adherent lung cells with 0.1% auramine 00 for 20
min at room temperature.

'EXPERIMENTAL RESULTS

A previous investigation [2] showed that removal of cells belonging to the interstitial cell population of the lung infected
mice, adherent to plastic, leads to partial restoration of the proliferative response to the specific antigen (PPD). For complete
restoration of the response additional purification was required from cells adherent to nylon wadding. Since B cells and some
subpopulation of T lymphocytes also adhere, besides macrophages, to nylon wadding [10], it was not clear whether these lung
cells also take part in suppression.

By fractionating the lung cells on a stepwise Percoll gradient fractions of relatively dense cells (p = 1.065-1.077), consid-
erably enriched with lymphocytes, could be obtained [9]. Combined culture of these cells, nonadherent to plastic, when treated
with mitomycin C, with cells of immune lymph nodes in the presence of antigen not only did not suppress but, on the contrary,
led to potentiation of the response to specific antigen (Fig. 1). Lung cells adherent to nylon wadding and removed from it
mechanically, according to microscopic examination, were mainly lymphocytes and likewise possessed no suppressor activity (Fig.
1). Treatment of unfractionated lung cells with antiserum against the T-cell marker Thy 1.2 and complement did not abolish the
suppressor action of these cells (Fig. 2a). Removal of cells carrying surface immunoglobulin from the population of lung cells by
adsorption on plastic, covered with antibodies to mouse immunoglobulins, by the direct panning method, likewise did not abolish
the suppressor effect (Fig. 2a). Moreover, the T-lymphocyte popuiation of the lung, purified on a column with nylon wadding
and stimulated by PPD in culture in vitro for 3 days in the presence of the supernatant culture fluid containing IL-2, likewise
was unable to suppress the response of immune lymph node cells to PPD (Fig. 1). Thus, in these experiments the view that the
suppressor cells in the lung are lymphocytic in origin was not confirmed experimentally.

To prove the hypothesis that the principal effectors of suppression are macrophage-like cells additional experiments
were undertaken. Culture for 24 h led 10 detachment of nonmacrophagal cells, which had been adherent during the first hours,
from plastic [3]. In our experiments culture of adherent cells for 24 and 48 h, followed by washing the monolayer to remove
detached cells, did not abolish the suppressor action of firmly adherent cells. The population of lung cells purified from cells
adherent to plastic contained up to 10% of macrophage-like cells, evidently incapable of adhesion. Removal of cells undertaking
phagocytosis of iron carbonyl from this population with the aid of a magnet led to considerable potentiation of the proliferative
response of the nonphagocytic lung cells to PPD (Fig. 2b).

It can be concluded from the facts described above that phagocytic lung cells adherent to plastic are the main type of
suppressors activated during the development of tuberculosis infection.

The suppressor action of monocytes and macrophages is often linked with the production by these cells of prostaglandin
E, (PGE,), which inhibits, in particular, IL-2 secretion [14]. In the experiment illustrated in Fig. 3 the effect of indomethacin, a
drug inhibiting prostaglandin synthesis {4], on inhibition of the proliferative response by lung cells was investigated. Over a wide
range of concentrations indomethacin significantly reduced nonspecific suppression of the response of immune lymphocytes to
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TABLE 2. Activity of Suppression Factors Obtained by Combined Culture of Lymphocytes
Immune to Antigens of M. mberculosis with Cells Adherent to Plastic and Isolated from Lungs
of Mice Infected with Tuberculosis

Antigen or Suppression |. Proliferation 18 Per cent.of
mitogen factor with antigen I without antigen suppression
PPD — 11,2+1,6 2,54-0,4 4,4 —
A 6,009 2,44-0,5 2,3 59
B 3,807 1,840,4 2,1 76
Con A — 27,5+18 2,56+0,4 11 —
A 77,54:5,5 2,64+0,4 31 —283
B 62,54-2,2 1,84-0,6 - 35 C—227
PPD — 17,6421 2,4+0,4 7 —
G(100) 24,04-5,2 5,140,7 4,8 —25
C (40) 30,74+4,5 12,4409 - 2,5 —22

Legend. A) Supernatant obtained after 72 h of culture of adherent lung cells, B) supernatant
obtained- after 72 h of culture of adherent lung cells together with immune lymphocytes, C)
immune lymphocytes isolated from cultures after combined culture with adherent lung cells in
the presence of PPD for 72 h (thousands per well).

staphylococcal antigen, but had a much weaker effect on suppression of the specific response to PPD, although with the low dose
of suppressor cells used, in the latter case also a component of suppression was detected, evidently due to PGE,. These experi-
ments confirm the dual character of suppression of the immune response by lung cells of infected mice. The nonspecific
component of suppression is largely connected with the production of prostaglandins by lung macrophages, but in addition there
is a specific mechanism, independent of prostaglandins. Since specific suppression is not connected with the T cells of the lung,
for it was not abolished by antibodies against Thy 1.2 (see above), experiments were carried out to detect the possible involve-
ment of cells of the lymph nodes themselves in suppression. ‘

According to the results of our microscopic investigation, among cells of the infected lung adherent to plastic, 2-8% of
them contained intracellular mycobacteria. It can be postulated that if these cells carry mycobacterial antigens on the cell surface
and possess antigen-presenting function, the addition of immune T lymphocytes to them ought to induce activation and prolifer-
ation of the latter. However, the addition of lymphocytes immune to M. tuberculosis to the adherent lung cells did not lead to
proliferation of antigen-specific cells but, on the contrary, it greatly reduced their spontaneous proliferation (Table 1), ie.,
activity of the suppressor cells was preserved. If, however, the same population of lung cells adherent to plastic was cultured, not
with the unfractionated population of lymph node cells, but with T lymphocytes purified on nylon wadding, neither the spontane-
ous proliferation nor the weak but significant response of these cells to PPD was depressed (Table 1). Thus, for the realization
(at least in its full range) of the suppressor action by macrophages, the population of responding cells must contain cells
adherent to nylon wadding. Possibly these cells participate in antigen-specific interaction with macrophages of the lung, which is
essential for manifestation of suppressor activity toward mycobacterial antigens.

The possible mechanism of antigen-specific suppression could be induction by macrophages of antigen-specific suppres-
sor T cells in the cell population of immune lymph nodes. However, lymph nodes isolated from cultures after combined culture
for 48-72 h with adherent lung cells in the presence of PPD (i.c., not adherent to plastic during the period of culture) and

- treated with mitomycin C did not suppress, but stimulated the proliferative response of immune lymphocytes to PPD (Table 2).
Thus, in this experiment the suggestion that induction takes place in the responding population of suppressor cells was not
confirmed.

Suppressor action on the responding cell population can take place either by direct intercellular contact or by secretion
of factors. Investigation of the culture fluid obtained during combined culture of immune lymphocytes and lung cells of infected
mice, adherent to plastic, in the presence of PPD demonstrated the ability of factors contained in it to considerably depress the
proliferative response of the immune cells to PPD (Table 2). Conversely, during culture of the same lymphocytes with con A
(2.5 ug/ml) stimulation of the proliferative response was observed on the addition of the same culture fluid (Fig. 2). On the one
hand this result may be evidence of the antigenic specificity of the factor responsible for suppression present in the medium. On
the other hand, it may be that processes of activation of T lymphocytes by con A and by specific antigen differ both in their
threshold of activation and depending on the presence of different cytokines. This second hypothesis is confirmed by the
analogous data on suppression and stimulation of the proliferative response obtained on other models of experimental infections.
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For instance, in [5], during an investigation of macrophages isolated from hepatic granulomas of mice infected with
Schistosoma mansoni, the culture fluid of these macrophages was found to contain interferons « and f, as well as IL-1, which
suppress the response to schistosomal antigens and to other protein antigens, but stimulate the response to con A. According to
data in [11}, granulomas formed in the lungs of mice after intratracheal injection of BCG contain IL-1, increased production of
which by monocytes may lead, not to stimulation, but to antigen-specific suppression in tuberculosis in man [6]. Recently, the
participation of 8 growti-transforming factor, synthesized by activated bacterial products by macrophages, has attracted consider-
able attention [15].

Since mechanisms such as inhibition of expression of receptors to IL-2 by secreted factors [14] and synthesis of IL-2
itself [12] also participate in suppression of the T-cell response in infections, the question of the role of cytokines in specific and
nonspecific suppression of the immune response in tuberculosis requires further investigation.
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