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In vitro lymphocyte proliferative response to purified protein derivative of tuberculin (PPD) was investigated
in patients with tuberculosis. Peripheral blood lymphocytes (PBL) from patients with advanced, refractory
tuberculosis showed a significantly depressed response compared with the response of PBL from patients with
newly diagnosed tuberculosis (P < 0.01). A further characterization of this low responsiveness to PPD revealed
that PBL from these advanced tuberculous patients failed to generate interleukin-2 (IL-2) in response to PPD
stimulation. IL-2 receptor (Tac antigen) expression on the surface of T cells after PPD stimulation was also
impaired, although to a lesser extent, in the patients with advanced, refractory tuberculosis. We attempted to
overcome the depressed in vitro response observed in PBL from patients with advanced, refractory tuberculosis
and found that the addition of exogenous, recombinant IL-2 returned the depressed PPD-induced PBL
proliferation in these patients to the level of response observed in PBL from patients with newly diagnosed
tuberculosis. The addition of recombinant IL-2 also had a restorative effect (up regulation) in vitro on the
partly impaired PPD-induced IL.2 receptor expression by PBL from the patients with advanced, refractory
tuberculosis. Our results suggest that recombinant IL-2 may offer a novel approach to the therapy of advanced,
drug-resistant tuberculosis.

In tuberculosis, the T-cell-mediated immune response
plays an important role in the pathogenesis of the disease
and also in the protective immunity against the bacillus. This
T-cell-mediated immune response can be detected in vitro by
lymphocyte transformation in response to purified protein
derivative of tuberculin (PPD). It is widely accepted that
antigen-induced T-cell proliferation requires both the
expression of receptors for and the secretion of interleukin-2
(IL-2). Subsequent interaction of IL-2 with its receptors
leads to DNA synthesis and expansion of appropriate clones
of antigen-reactive T cells (2, 7). The concentration of IL-2
and the expression of IL-2 receptors on T cells determine the
extent of T-cell proliferation (3).

Tuberculosis is a chronic infectious disease and exhibits a
broad clinical as well as immunological spectrum (1) as has
been seen in leprosy. Leprosy is associated with alterations
of immune responses which vary along the spectrum of the
disease (28). Patients with lepromatous leprosy show an
impaired cell-mediated immunity to Mycobacterium leprae
antigen. A number of studies about this anergy in lep-
romatous leprosy have been described, including impaired
IL-2 production by lymphocytes after lepromin stimulation
(13-16, 20, 24). Haregewoin et al. (13) reported that periph-
eral blood lymphocytes (PBL) of patients with lepromatous
leprosy fail to proliferate after in vitro stimulation with M.
Ieprae antigen but that the cells are made fully reactive by
the addition of exogenous IL-2.

Patients with far-advanced or miliary tuberculosis are
often anergic to tuberculin PPD, as judged by in vivo skin
testing and in vitro lymphocyte transformation (18, 23).
However, little is known about the mechanisms underlying
the anergy in tuberculosis. In both humans and mice (36), it
has been shown that antigen-specific unresponsiveness is
accompanied by a failure of T cells to release IL-2. Some
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possible reasons for tuberculin anergy include a relative loss
of IL-2-producing cells, refractoriness of IL-2-producing
cells to the putative stimulator (i.e., IL-1), and unrespon-
siveness of effector T cells to IL-2 stimulation. In experi-
mental systems, T suppressor cells (12, 19, 21, 25) and
T-cell-derived suppressor factors (17) have been described.
Previously, we reported an increase in the percentage of
OKT8-positive (suppressor/cytotoxic) T cells in advanced
refractory tuberculosis after in vitro PPD stimulation (31).

In the present study, attempts were made to characterize
further the low PPD-induced PBL transformation in ad-
vanced tuberculosis. The results obtained show that the low
responsiveness to PPD was mostly due to the impaired IL-2
production. PPD-induced acquisition of IL-2 responsiveness
was, however, not impaired. Therefore, the addition of
exogenous IL-2 substantially restored the PPD-induced pro-
liferative responses in PBL from patients with advanced,
refractory tuberculosis, up to the high level of responsive-
ness seen in PBL from newly diagnosed tuberculosis pa-
tients.

MATERIALS AND METHODS
Patients. A total of 46 patients with active pulmonary

tuberculosis, all of whom were inpatients in our hospital,
were studied. These patients were divided into two groups:
23 patients (17 males and 6 females, 1 to 73 years old; mean
age, 41 years) with newly diagnosed tuberculosis and 23
patients (18 males and 5 females, 26 to 70 years old; mean
age, 51 years) with advanced, refractory tuberculosis. Pa-
tients classified as having newly diagnosed tuberculosis were
those in whom pulmonary tuberculosis was diagnosed for
the first time by chest X ray and by the demonstration of
acid-fast bacilli in the sputum. Patients considered to have
advanced, refractory tuberculosis were those who had been
hospitalized for several years without improvement. Cul-
tures of sputum specimens from patients with advanced,
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TABLE 1. In vitro proliferative response to PPD or lectin stimulation

[3H]thymidine incorporated (cpm, 103) + SD witha:
Group

PPD ConA PHA PWM

Pulinonary tuberculosis
Advanced (n = 23) 20.0 ± 10.8 14.4 ± 7.0 24.3 ± 8.5 34.4 ± 9.4
Newly diagnosed (n = 23) 30.5 10.5b 16.7 + 5.9 27.0 ± 8.8 35.3 ± 7.3

Healthy controls (n = 32) 22.6 ± 9.1 14.7 ± 4.7 28.8 ± 8.3 27.0 ± 9.9c

aPBL (106/ml) were cultured in vitro for 3 days with ConA (10 ,ug/ml) or PHA (1 ,ug/ml) or for 6 days with PPD (10 ,ug/ml) or PWM (2.5 ,ug/ml).
b Significantly different from results with advanced tuberculosis (P < 0.01) and from results with healthy controls (P < 0.05).
c Significantly different from results with advanced tuberculosis (0.01 < P < 0.02) and from results with newly diagnosed tuberculosis (P < 0.01).

refractory tuberculosis were continuously positive for acid-
fast bacilli resistant to almost all antituberculosis drugs.
Most patients with newly diagnosed tuberculosis showed a
positive delayed-type skin reaction (erythema, induration,
and in some cases, blister formation) to the standard dose (5
TU) of tuberculin injection, whereas most of the patients
with advanced, refractory tuberculosis showed weak
(erythema only) or no reaction at all to the standard dose of
tuberculin. Healthy volunteers (16 males and 16 females, 20
to 69 years old; mean age, 37 years), all of whom were
positive for the tuberculin skin test, served as control
subjects.
PBL preparation. PBL were separated from heparinized

venous blood by the Ficoll-Hypaque sedimentation method.
Antigen and lectins. PPD was kindly donated by the

Institute for Microbial Diseases, Osaka University, Japan.
Concanavalin A (ConA) was purchased from Miles-Yeda
Ltd., Rehovot, Israel, phytohemagglutinin (PHA) was ob-
tained from Difco Laboratories, Detroit, Mich., and poke-
weed mitogen (PWM) was obtained from GIBCO Laborato-
ries, Grand Island, N.Y.

Preparation of rIL-2. Highly purified human recombinant
IL-2 (rIL-2), obtained from Escherichia coli carrying the
cloned human IL-2 gene, was a gift from Takeda Chemical
Industries, Ltd., Osaka, Japan, and was used as a source of
exogenous IL-2 at a final concentration of 10 ng of protein
per ml. This material yields only a single band at 15,000
daltons by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (22). A 1-mg amount of this rIL-2 contained 4 x
106 units in our assay system as described below.
Generation of IL-2-contlining supernatants and assay for

IL-2. For PPD-driven IL-2 production, PBL at 2 x 106/ml
were activated with 10 ,ug of PPD or ConA per ml. After 24
h, the supernatants were collected, sterile filtered, and
assayed for IL-2 activity. The IL-2 activity of culture super-
natants was determined on the basis of incorporation of
[3H]thymidine by the IL-2-dependent mnurine cytotoxic T-
cell line NRB (22). NRB was kindly provided by Eiichi
Nakayama of the Center for Adult Disease, Osaka, Japan.
NRB was maintained in the presence of rat spleen-
conditioned medium. Units of activity were defined as the
reciprocal of the dilution necessary to obtain half-maxitnal
incorporation of [3H]thymidine by the NRB cells. In the
absence of added IL-2, the background incorporation was
only 200 to 400 cpm; peak incorporation (at 8 U of IL-2 per
ml) was approximately 4 x 104 cpm.
PBL activation with PPD and analysis for IL-2 receptors.

PBL (106/tnl) were cultured in a 24-well culture plate (no.
3047; Becton Dickinson Labware, Oxnard, Calif.) at 37°C
and 7.5% CO2 in air for 6 days with 10 ,ug of PPD per ml. The
culture medium used was RPMI 1640 supplemented with
10% fetal calf serum. At the end of the culture period, the

cells were harvested, washed twice, suspended in RPMI
1640 medium containing 10% fetal calf serum, and assayed
for IL-2 receptors. IL-2 receptors were determined by using
monoclonal anti-Tac antibody (35), which was kindly do-
nated by T. Uchiyama and J. Yodoi, Kyoto University,
Japan. Cell suspension (100 ,ul) was incubated with anti-Tac
antibody (1/5,000 dilution in ascites fluid) for 30 min at 4°C
and washed, and 100 ,ul of fluorescein-conjugated rabbit
anti-mouse immunoglobulin G antibody (1/20) (Miles-Yeda)
was then added. After further 30-min incubation on ice, the
cells were washed and suspended in 1 drop of fetal calf
serum, and the number of positive cells was assessed by
using a fluorescence microscope. Tac-positive cells were
blastogenic and belonged to E-rosetting T cells.

In vitro assay of proliferative responses. The in vitro
proliferative responses were measured by a modification of
the method reported previously (30, 33). In brief, 5 x 104
cells in 0.2 ml of RPMI 1640 medium containing 10%
heat-inactivated pooled human sera were placed in a flat-
bottom microplate (no. 3072; Becton Dickinson) with PPD or
lectins and were cultured for 3 days with 10 jig of ConA or
1 ,ug of PHA per ml or for 6 days with 10 ,g of PPD or 2.5
,ug of PWM per ml in humidified 7.5% CO2 in air at 37°C.
[3H]thymidine (0.2 ,uCi) was added to each well 18 h before
the cells were harvested, and the incorporated radioactivity
was counted in a scintillation counter (Tricarb; Packard
Instrument Co., Inc., Rockville, Md.). Each determination
was performed in triplicate, and the data were expressed as
couhts per minute ± the standard error of the mean.
To assess the effects of exogenous IL-2 on antigen-specific

proliferation, 20 RI of rIL-2 (10 ng/ml) was added to the test
culture at day 3 of the culture period. Appropriate control
cultures were set up containing the same dose of rIL-2 but no
antigen. Results of dose-response experiments with rIL-2
indicated that a dose of 10 ng of rIL-2 per ml gave the highest
enhancing effect on PPD culture, while giving lowest values
in control cultures.

Statistical analysis. The significance of the difference be-
tween groups was calculated by Student's t test. Computer-
assisted evaluations of the results were used to calculate the
P value in the data. A P value of 0.05 was used as the limit
of statistical significance.

RESULTS

Proliferative responses to PPD and lectins. PBL from
patients with pulmonary tuberculosis and from tuberculin
skin test-positive healthy donors were cultured with PPD or
lectins (ConA, PHA, and PWM), and the proliferative re-
sponses were evaluated (Table 1). There was a significant
difference between the two groups of tuberculous patients in
responsiveness ofPBL to PPD. The extent of proliferation of
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TABLE 2. IL-2 activity in the supernatant of PPD- or
ConA-stimulated cultures

IL-2 units (no. of subjects) witha:
Group

PPD ConA

Pulmonary tuber-
culosis

Advanced 4.7 ± 1.6 (n = 11)b 20.7 + 17.3 (n = 9)
Newly diagnosed 15.2 ± 13.1 (n = 12) 24.6 + 3.1 (n = 5)

Healthy controls 9.0 ± 7.2 (n = 13) 18.5 + 13.8 (n = 7)
a PBL (2 x 106/ml) were cultured for 24 h in the presence of PPD (10 ,ug/ml)

or ConA (10 ,ug/ml). Culture supernatants were assayed for IL-2 activity. For
a definition of units, see Materials and Methods.

I 0.01 < P < 0.05 compared with results from newly diagnosed
tuberculosis.

PBL from advanced tuberculous patients was considerably
lower than that of PBL from patients with newly diagnosed
tuberculosis (P < 0.01) but comparable with that of PBL
from healthy controls. PBL from patients with newly diag-
nosed tuberculosis showed a higher proliferation in response

to PPD stimulation than PBL from healthy controls (0.01 <
P < 0.05). In the responses to ConA or PHA, no significant
differences were seen among the groups examined. On the
other hand, the responses to PWM were significantly higher
in PBL from tuberculous patients than in PBL from healthy
controls (0.01 < P < 0.02).

IL-2 production. PBL (2 x 106) were stimulated with PPD
or ConA, and the culture supernatants were harvested after
centrifugation for 10 min at 2,000 rpm, membrane filtered
(Millipore Corp., Bedford, Mass.), and subjected to the IL-2
assay as described above. PPD-stimulated cultures of PBL
from patients with newly diagnosed tuberculosis gave higher
IL-2 activity than did PPD-stimulated PBL from patients
with advanced tuberculosis (0.01 < P < 0.05), whereas no

significant differences were observed in IL-2 activity in
ConA-stimulated culture supernatants among the groups
examined (Table 2).
PPD-induced IL-2 receptor (Tac antigen) expression. T-cell

proliferation is dependent on the interaction of IL-2 with its
cellular receptor. We examined the effect at PPD-induced
IL-2 receptor expression on PBL after 6 days of in vitro
culture. IL-2 receptor-bearing lymphocytes were assessed
by using monoclonal anti-Tac antibody as described in
Materials and Methods. The percentage, as well as the total
number, of Tac+ cells recovered in each lymphocyte group
was significantly increased after in vitro stimulation with
PPD (P < 0.01 compared with the control culture without
PPD) (Table 3). It is noteworthy that after PPD stimulation,
the Tac+ cells were substantially increased in PBL frotn
patients with advanced, refractory tuberculosis, although
the extent of the response was not so large as that of PBL
from patients with newly diagnosed tuberculosis or healthy
controls.
These results suggest that the low proliferative response to

PPD of PBL from the patients with advanced tuberculosis is
due to the PPD-induced depressed IL-2 production and not
to the depressed expression of IL-2 receptors. The addition
of exogenous IL-2 was, therefore, expected to restore the
proliferative response or to increase IL-2 receptor expres-
sion or both in PPD-treated cultures of PBL from such
patients.

Effects of exogenous IL-2 (rIL-2) on the proliferative re-

spotses to PPIl. Next, we examined whether the defective
responses of PBL from advanced tuberculous patients were

restored by the addition of exogenous IL-2 (Fig. 1 and 2).
PBL were cultured in the presence of PPD, and rIL-2 was
added at day 3 of the culture period. rIL-2 significantly
increased the PPD-induced proliferation of PBL from ad-
vanced tuberculous patients (P < 0.01) (Fig. 1). The prolif-
erative responses of their PBL were restored by the addition
of rIL-2 to the level of PPD-induced proliferation of PBL
from patients with newly diagnosed tuberculosis. The aug-
menting effect of the addition of rIL-2 was seen in PBL of
patients with advanced, refractory tuberculosis, whereas no
significant increase was seen in responses to PPD of PBL
from patients with newly diagnosed tuberculbsis or from
healthy controls (Vig. 2).

Effect of rIL-2 on PPD-induced Tac expression. As de-
scribed above, rIL-2 augmented the PPD-induced prolifera-
tion of PBL from patients with advanced, refractory tuber-
culosis. We further investigated whether rIL-2 also in-
creased the PPD-induced IL-2 receptor (Tac) expression.
Tests were performed on PBL from 7 advanced tuberculosis
patients, 7 newly diagnosed tuberculosis patients, and 11
healthy donors (Table 4). The addition of rIL-2 to the PPD-
stimulated PBL culture caused significant augmentation of
the PPD-induced increase in Tac-positive cells in cultures of
PBL from patients with advanced tuberculosis (36.1 ±
12.0% versus 22.7 ± 12.5%, P < 0.01) and in cultures from
healthy controls (34.3 ± 11.4% versus 27.2 + 10.3%, P <
0.01), whereas no significant augmentation by rIL-2 addition
was observed in cultures from patients with newly diagnosed
tuberculosis (41.0 + 15.0% versus 35.3 ± 13.0%, 0.2 < P).

DISCUSSION
The present study demonstrates that PBL from patients

with advanced, refractory tuberculosis had defective PPD-
induced in vitro proliferative responses. The responses of
these PBL to the nonspecific mitogens ConA, PHA, and
PWM, however, were comparable to those of patients with
newly diagnosed tuberculosis or those of healthy donors.
PPD-induced T-cell proliferation consists of two parts: IL-2
production and IL-2 receptor expression by sensitized T
cells. In patients with advanced, refractory tuberculosis,
PPD-induced IL-2 production, but not IL-2 responsiveness,
was impaired as compared with production and responsive-
ness in PBL from newly diagnosed tuberculosis patients or
healthy individuals, although the PPD-induced increase of
Tac-positive cells was also not as high in advanced, refrac-
tory tuberculosis patients. The addition of rIL-2 to the
culture, however, restored the impaired PPD-induced prolif-
erative responses of PBL from advanced, refractory tuber-
culosis patients by the stimulation with PPD.
Vismara et al. (36) reported that the proliferative unre-

sponsiveness observed in human PBL to antigenic extract
from Candida albicans or to PPD of the spleen cells of mice
infected with a high dose of Mycobacterium bovis BCG was
due to a primary lack of IL-2 production. In the present
study, Tac antigen-positive, IL-2 receptor-bearing T cells
which increased after in vitro PPD stimulation were further
increased in PBL of advanced tuberculosis patients by the
addition of exogenous IL-2. In antigen-specific T-cell acti-
vation, the IL-2 that was produced up regulated its own
receptors on activated T cells and triggered the proliferation
of T cells (27, 37). Thus, in advanced, refractory tuberculosis
an impaired IL-2 production gave an impaired IL-2 expres-
sion and led to an impaired proliferation of PPD-reactive T
cells.
One plausible explanation for the impaired PPD-induced

proliferation of PBL in advanced, refractory tuberculosis is
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TABLE 3. Increase in Tac-positive cells upon PPD stimulation

No. of Tac-positive cells + SD with or without PPDa

Group % of total No. of Tac-positive cells (10-4)/culture

No PPD PPD No PPD PPD

Pulmonary tuberculosis
Advanced (n = 23) 4.7 ± 2.4 21.3 11.4b 1.7 ± 1.1 12.7 ± 9.gb
Newly diagnosed (n = 23) 5.3 ± 2.2 27.1 ± 14.7 2.6 ± 1.5 23.0 ± 20.8

Healthy controls (n = 32) 5.1 ± 2.6 30.3 ± 9.8 2.5 ± 1.5 25.1 ± 16.5
a PBL (106/ml) were cultured in vitro in the presence or absence of PPD for 6 days. Tac-positive lymphocytes were assessed by the indirect-fluorescence

technique.
b 0.01 < P < 0.05 compared with healthy controls.

that suppressor cells might be generated and inhibit PPD-
induced IL-2 production. We reported previously (34) that in
advanced, refractory tuberculosis, immunoglobulin G Fc
receptor-bearing T cells or OKT8-positive T cells (31) were
increased in vitro after stimulation ofPBL with PPD. The Fc
receptor-bearing T cells that were isolated suppressed the
PPD-induced proliferative response of autologous PBL. In
advanced tuberculosis, PBL depleted of OKT8-positive cells
gave a higher proliferative response to stimulation with PPD
than unfractionated PBL (31) did. In experimental systems,
mice injected intravenously with a high dose of BCG failed
to develop delayed-type hypersensitivity to BCG and were
described as anergic (6). Colizzi et al. (5) demonstrated that
spleen cells from these anergic mice produce inhibitory
factors which block the IL-2 production. This state of
unresponsiveness can be reversed both in vitro (14) and in
vivo (4) by the administration of an IL-2-containing prepa-
ration. Together with these observations, our results suggest
that in advanced, refractory tuberculosis, the proliferative
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FIG. 1. Effect of exogenous IL-2 addition on PPD-induced in
vitro proliferation of PBL from patients with advanced tuberculosis.
PBL (5 x 104 per well) were cultured in vitro in the presence of PPD
(10 p.g/ml) for 6 days. rIL-2 (10 ng/ml) was added to the culture on

day 3. The results are expressed as counts per minute of [3H]thy-
midine incorporated during the last 18 h of the culture period. The
points connected by a line represent data from the same donor.

T-cell defect in response to PPD stimulation is not due to the
absence of or a generalized lack of triggering of immune T
cells but may be related to a deficiency in events leading to
IL-2 production. Addition of rIL-2 also augmented the
PPD-induced Tac-antigen-positive (IL-2 receptor-bearing) T
cells in PBL from advanced, refractory tuberculosis pa-
tients.

Recently, Toossi et al. (32) described a similar in vitro
analysis of lymphocytes of patients with pulmonary tuber-
culosis. They reported that patients with newly diagnosed
pulmonary tuberculosis have a tuberculin-specific defect in
IL-2 production. However, purified IL-2 fails to correct
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FIG. 2. Summarized data of the effects of exogenous rIL-2

addition on PPD-induced PBL proliferation. The results are ex-
pressed as mean counts per minute of [3H]thymidine incorporation
± the standard deviation (bar).
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TABLE 4. Effects of rIL-2 addition on PPD-induced increase of Tac-positive cells

% Tac-positive cells with or without PPD and rIL-2a

Group and case no. No PPD PPD

No rIL-2 rIL-2 % Increvse No rIL-2 rIL-2 % Increase

Pulmonary tuberculosis
Advanced

1 3.5 12.1 8.6 17.3 28.5 11.2
2 3.6 9.7 6.1 16.7 32.8 16.1
3 4.3 6.8 2.5 12.8 34.3 21.5
4 3.7 13.5 9.8 45.8 56.3 10.5
5 3.4 5.3 1.9 5.9 15.4 9.5
6 3.2 4.4 1.2 29.7 44.0 14.3
7 2.6 5.0 2.4 30.9 41.4 10.5

Mean 3.5 ± 0.5 8.1 ± 3.4 4.6 ± 3.2 22.7 ± 12.5 36.1 ± 11.9 13.4 ± 4.0

Newly diagnosed
1 5.3 5.3 0.0 49.1 46.1 -3.0
2 10.8 10.8 0.0 45.1 43.6 -1.5
3 3.2 5.1 1.9 21.2 22.8 1.6
4 2.6 9.2 6.6 24.1 29.7 5.6
5 6.3 13.0 6.7 40.7 58.3 17.6
6 2.4 10.2 7.8 49.6 63.1 13.5
7 2.2 5.9 3.7 17.0 23.7 6.7

Mean 4.7 ± 2.9 8.5 ± 2.9 3.8 ± 3.0 35.3 ± 13.0 41.0 ± 15.0 5.8 ± 7.0

Healthy controls (n = 11) 4.1 ± 2.0 6.2 ± 2.0 2.1 ± 2.0 27.2 ± 10.3 34.3 ± 11.4 7.1 ± 6.5
a PBL (106/ml) were cultured in vitro for 6 days in the presence or absence of PPD and rIL-2 (10 ng/ml). Tac antigen-positive cells were assessed by the

indirect-immunofluorescence method.

PPD-induced blastogenesis in these patients. In Japan, most
patients with newly diagnosed tuberculosis reveal positive
tuberculin skin reactions and their PBL are highly respon-
sive in vitro to PPD stimulation, as has been shown, with a
few exceptions, for the patients in the present study. In our
study, PBL from patients with newly diagnosed tuberculosis
showed the highest response to PPD stimulation (Table 1). In
contrast, PBL from patients with advanced, refractory tu-
berculosis with a disease history of greater than 3 years
showed significantly lower PPD responses than PBL from
newly diagnosed tuberculous patients did, although sputum
specimens from the former group were continuously positive
for acid-fast bacilli resistant to antituberculosis drugs. In
addition, in the present study, Tac antigen-positive, IL-2
receptor-bearing cells did appear in vitro after stimulation
with PPD of PBL from advanced, refractory tuberculosis
patients; the cells were further increased upon introduction
of rIL-2 (Tables 3 and 4). Our results indicate that even in
PBL from patients with advanced, refractory tuberculosis,
PPD-sensitized T cells did exist and became responsive to
exogenous IL-2 after PPD stimulation.
A lack of IL-2 production has also been reported to be

responsible for T-cell unresponsiveness in several other
diseases. T-cell unresponsiveness in Hodgkin's disease (10)
and rheumatoid arthritis (8) is reversed in vitro by the
addition of IL-2. Clinical trials using IL-2 administration in
vivo have been conducted in children with Nezelof's syn-
drome (9) and in cancer patients (29). Preliminary results of
these trials have suggested that IL-2 is able to produce a high
degree of reconstitution of T-cell activity. In the present
study, the restoration by rIL-2 of depressed PPD-induced
T-cell proliferation in advanced tuberculosis was not com-
plete (Fig. 2). Monocyte-mediated suppressor abnormalities

have been reported in Hodgkin's disease (11) and diffuse
cutaneous leishmaniasis (26). In these diseases, the addition
of indomethacin, an inhibitor of prostaglandin synthesis, to
cultures restores the lymphocyte responses. In addition to
the deficiency of IL-2 production, prostaglandin-mediated
suppression of IL-2 receptor expression might be partly
responsible for the impaired proliferation of PBL from
patients with advanced tuberculosis in the present study.
To date, we have no feasible means of controlling far-

advanced, drug-resistant tuberculosis. From a number of
studies, evidence has accumulated that immunity to intra-
cellular parasites such as Mycobacterium tuberculosis or M.
leprae is effected by T cells. This immunity is mediated by
the release of lymphokines which may activate macrophages
to kill parasites. Although we are not at all certain that the in
vitro studies presented here parallel the in vivo regulation of
cellular immunity in advanced, refractory tuberculosis, fu-
ture studies of the effect of IL-2 administration in vivo on
cellular immunity in these patients appear warranted. If the
effects in vitro presented here can be reproduced in vivo, in
vivo administration of IL-2 might be beneficial for patients
with chronic refractory infections.
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