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Clinical and immunologic evidence suggests that tuberculous pleuritis provides a model to understand
protective immune mechanisms against Mycobacterium tuberculosis. We therefore evaluated the pattern of
cytokine mRNA expression and cytokine production in pleural fluid and blood of patients with tuberculous
pleuritis. RNA was extracted from mononuclear cells, reverse transcribed to cDNA, and amplified by
polymerase chain reaction (PCR). After normalization for T-cell cDNA, cDNA from pleural fluid cells and
peripheral blood mononuclear cells (PBMC) was amplified with cytokine-specific primers. PCR product was
quantified by Southern blot. For the Thl cytokines gamma interferon (IFN-y) and interleukin-2 (IL-2), PCR
product was greater in pleural fluid than in blood, whereas PCR product for the Th2 cytokine IL-4 was
decreased in pleural fluid compared with blood. Concentrations of IFN-y were elevated in pleural fluid
compared with serum, but IL-2, IL-4, and IL-5 were not detectable. Mean concentrations of IFN-y and IL-2
in supernatants of M. tuberculosis-stimulated pleural fluid cells were significantly greater than corresponding
concentrations in supernatants of stimulated PBMC. In situ hybridization showed that increased IFN-y
production by pleural fluid cells was associated with a 20- to 60-fold increase in the frequency of
antigen-reactive IFN-y-mRNA-expressing cells. Because IL-10 can be produced by T cells and macrophages,
pleural fluid cells and PBMC were normalized for (-actin cDNA content and then amplified by PCR with
IL-10-specific primers. IL-10 mRNA was greater in pleural fluid cells than in PBMC and was expressed
predominantly by macrophages. IL-10 concentrations were elevated in pleural fluid versus serum. These data
provide strong evidence for compartmentalization of Thl cytokines and IL-10 at the site of disease in humans
with a resistant immune response to mycobacterial infection.

Tuberculosis, long regarded as a declining disease soon to
be relegated to the pages of medical history, is back with a
vengeance. The worldwide epidemic of human immunodefi-
ciency virus infection has created a large population with
extraordinary susceptibility to Mycobacterium tuberculosis,
and tuberculosis case rates have risen dramatically in re-
gions where human immunodeficiency virus infection is
widespread, including many parts of the United States (3, 6).
Recent outbreaks of multidrug-resistant disease (13) under-
score the need for novel approaches to treat and prevent
tuberculosis, including the use of immunotherapeutic modal-
ities that enhance normal antimycobacterial defenses. De-
velopment of such strategies requires a more detailed under-
standing of the human immune response to M. tuberculosis,
including definition of the T-cell subpopulations and cyto-
kines that mediate resistance to tuberculous infection.
Immunologic resistance to mycobacterial infection is

thought to be mediated by cooperative interaction between T
lymphocytes and macrophages. This interaction is depen-
dent upon the interplay of cytokines produced by a variety of
mononuclear cells, but predominantly by T cells. The spe-
cific cytokines that mediate immunologic resistance to my-
cobacteria in humans remain undefined. Although most
evidence favors a dominant role for the Thl cytokines
gamma interferon (IFN-y) and interleukin-2 (IL-2) (16, 25,
43, 49), other data suggest that a broad spectrum of cyto-
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kines may contribute to antimycobacterial immune defenses
(5, 12).

Clinical and immunologic evidence suggests that tubercu-
lous pleuritis provides a model to understand immune mech-
anisms potentially protective against M. tuberculosis. Un-
like the case in most other forms of tuberculosis, pleuritis
usually resolves without chemotherapy (42), suggesting that
local cell-mediated immune responses result in effective
clearance of bacilli. CD4+ T cells are selectively concen-
trated in the pleural space of patients with tuberculous
pleuritis, and these T cells proliferate and secrete IFN-'y
specifically in response to M. tuberculosis (10, 11, 47). To
gain insight into the patterns of cytokine secretion that
contribute to antimycobacterial defenses in vivo, we evalu-
ated cytokine production in patients with tuberculous pleu-
ritis.

MATERIALS AND METHODS

Patient population. Pleural fluid and blood were obtained
from 12 patients with tuberculous pleuritis seen at the Los
Angeles County-University of Southern California Medical
Center. All patients had unilateral exudative effusions with-
out clinical evidence of concomitant pulmonary tuberculosis
or human immunodeficiency virus infection. All of nine
patients tested had positive tuberculin skin tests. The diag-
nosis was confirmed by either pathologic demonstration of
granulomatous pleuritis on closed pleural biopsy (nine cases)
or growth of M. tuberculosis from pleural fluid or tissue (six
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cases). All patients responded to antituberculosis therapy.
The experiments described were performed on 4 to 7 of these
12 patients.

Mycobacterial antigens. M. tuberculosis Erdman (Trudeau
Mycobacterial Culture Collection strain 107) was grown in a
glycerol-alanine-salts medium (9). Cultures were autoclaved
at 80°C and 1 h and lyophilized. Cells were washed thor-
oughly with water and resuspended in RPMI 1640 (GIBCO,
Grand Island, N.Y.).

Isolation of RNA and cDNA synthesis. Freshly isolated
pleural fluid mononuclear cells and peripheral blood mono-
nuclear cells (PBMC) were lysed with 4 M guanidinium
isothiocyanate and stored at -20°C prior to preparation of
RNA, which was isolated as described previously (7). In
some experiments, pleural fluid cells were separated into
CD3+ and CD3- populations, using immunomagnetic selec-
tion with anti-CD3 (Leu-4; Becton Dickinson Monoclonal
Center, Mountain View, Calif.), magnetic beads coated with
rabbit anti-mouse immunoglobulin G (Dynal, Mountain
View, Calif.), and a magnetic cell separator. In other exper-
iments, CD14+ cells were obtained from pleural fluid cells by
positive selection with anti-CD14 (Leu-M3; Becton Dickin-
son). Positively and negatively selected cells were lysed with
guanidinium isothiocyanate in the same manner as were
freshly isolated pleural fluid cells.
cDNA was synthesized from RNA by priming approxi-

mately 1 jig of total RNA at 42°C for 1 h in a final volume of
20 ,ul containing 1 ,ug of an oligo(dT) primer (Pharmacia Fine
Chemicals, Piscataway, N.J.), 200 nmol of each deoxynu-
cleoside triphosphate (Pharmacia), and mouse mammary
leukemia virus reverse transcriptase (Bethesda Research
Laboratories, Gaithersburg, Md.) at 200 U/p,g of RNA.

Amplification of cDNA by PCR. Aliquots of cDNA were
used as a template for amplification by polymerase chain
reaction (PCR), using a Perkin-Elmer thermocycler running
a program of 32 to 35 cycles (26 cycles in the cases of 3-actin
and CD3 8 chain) and oligonucleotide primers specific for
1-actin, CD3 8 chain, IFN--y, IL-2, lymphotoxin, IL-4, IL-5,
and IL-10. The primer sequences and reaction conditions
have been described previously (7, 51). PCR product was
subjected to electrophoresis on 2% agarose gels and visual-
ized by staining with ethidium bromide.

Hybridization of PCR product. PCR product was trans-
ferred to Hybond-N nylon membranes (Amersham Corp.,
Arlington Heights, Ill.) and hybridized with a radioactive
oligonucleotide probe complementary to sequences internal
to the sequence recognized by primers used for PCR ampli-
fication. The sequences of the probes have been published
previously (52). Each probe was labeled at the 5' end with T4
polynucleotide kinase (Boehringer Mannheim Biochemicals,
Indianapolis, Ind.) and -y-32P-ATP (7,000 Ci/mmol; ICN,
Costa Mesa, Calif.). Blots were hybridized with the probe
for 4 h, washed for 5 min with 2x SSC (lx SSC is 0.15 M
NaCl plus 0.015 M sodium citrate)-0.5% sodium dodecyl
sulfate and then exposed to X-ray film. Membranes were
scanned with an AMBIS radioanalytic imaging system (Au-
tomated Microbiology Systems Inc., San Diego, Calif.), and
the amount of radioactivity present in a given lane was
expressed as counts per minute.

Validity of PCR amplification for semiquantitative determi-
nation of cytokine mRNA expression. Plasmids containing
IFN--y, IL-2, IL-4, and IL-10 cDNAs were serially diluted in
10-fold increments, and visualization by ethidium bromide
staining indicated that the lower limit of detectability was in
the order of 102 to 103 copies for each cytokine (51, 52). The
intensity of PCR product increased according to the number

of copies of starting plasmid up to 109 copies. These PCR
products were transferred to nylon membrane, probed, and
quantified by radioanalytic imaging. There was a log-linear
relationship between the number of starting copies and the
quantity of PCR product throughout the range investigated.
These results indicate that the PCR conditions employed
provide meaningful comparisons of small amounts of cyto-
kine mRNA.
A number of controls were employed to ensure accurate

comparison of the different samples studied. Upon PCR
amplification of serial 10-fold dilutions of sample cDNAs, a
concomitant decrease in the PCR product was observed.
Variation of the number of PCR cycles did not change the
relative differences between samples. These studies indicate
that our PCR conditions are not within the plateau phase of
amplification. Mixing of cDNAs from different patients did
not inhibit or augment PCR amplification, indicating that
sample cDNAs did not directly alter the efficiency of PCR
amplification. Each experiment included a positive control
(cDNA from phytohemagglutinin-stimulated PBMC) and a
negative control to which no cDNA was added. In addition,
precautions were taken to avoid cross-contamination of
samples, including assembling reactions in laminar flow
hoods, using aliquot portions of reagents, using pipettes
designated for assembling PCR reactions, and using aerosol-
resistant pipette tips (Continental Lab Products, La Jolla,
Calif.).

Stimulation of mononuclear cells with M. tuberculosis.
Pleural fluid mononuclear cells or PBMC, 2 x 106, were
obtained by centrifugation over Ficoll-Plaque (Pharmacia)
and suspended in 2-ml wells, each containing 10 ,ug of M.
tuberculosis per ml, 10% human serum, and RPMI (GIBCO)
with penicillin and streptomycin (GIBCO). Control wells
contained no antigen. Cells were maintained at 37°C and
7.5% CO2. After 24 h, mononuclear cells were collected,
lysed with guanidinium isothiocyanate, and stored at -20°C
prior to preparation of cDNA. Cytocentrifuge preparations
were made in some cases by standard techniques (28).

Cell culture supernatants were harvested after 24 h and
stored at -70°C for measurement of cytokine concentra-
tions. The cytokine concentration induced by M. tuberculo-
sis was calculated as that measured in the appropriate
supernatant minus the cytokine concentration in control
wells containing media alone.
Measurement of cytokine concentrations. Cytokine concen-

trations were measured in pleural fluid, serum, and cell
culture supernatants. Pleural fluid and blood were centri-

TABLE 1. Normalization for CD3 cDNA content in pleural fluid
mononuclear cells and PBMC'

Normalization (cpm)
Patient Pleural fluid

mononuclear cells PBMC

1 1,626 1,626
2 2,945 3,029
3 1,997 1,983
4 2,022 2,019
5 517 519
6 430 430

a Aliquots of cDNA from pleural fluid and PBMC were amplified by PCR
with primers specific for CD3 8 chain and then hybridized to radiolabeled
internal probes. Results for patients 1 through 4 were obtained in one
experiment, and those for patients 5 and 6 were obtained in a second
experiment in which the radioactivity of the probe was less intense.
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FIG. 1. Expression of mRNA for the Thl cytokines IFN-,y (A), IL-2 (B), and lymphotoxin (C). cDNA from pleural fluid cells (U) and
PBMC (0) from six patients with tuberculous pleuritis were normalized for T-cell cDNA, amplified by PCR with cytokine-specific primers,
and hybridized to radiolabeled probes. Radioactivity incorporation is expressed as counts per minute.

fuged at 1,300 x g for 10 min, and supernatants were stored
at -70°C. Supernatants from cell cultures were collected as
outlined above. Concentrations of IFN--y, IL-2, IL-4, IL-5,
and IL-10 were measured by enzyme-linked immunosorbent
assay (ELISA) (4, 17).

In situ hybridization. Cytocentrifuge preparations of cells
cultured with mycobacterial preparations or media alone
were subjected to in situ hybridization to detect mRNA for
IFN--y, as described previously (8, 14). Each sample was
hybridized with the sense probe (homologous to cellular
mRNA) and the antisense probe (complementary to cellular
mRNA). mRNA for IFN--y hybridized with the antisense
probe, while the sense probe was unhybridizable and served
as a negative control. In each experiment, samples known
from prior studies to be positive or negative for IFN--y
mRNA expression were used as controls. Cells were con-
sidered positive for expression of cytokine mRNA when
they contained greater than twice the number of grains of the
most positive cell on the slide of the same preparation to
which the sense probe had been added. The number of
positive cells on the slide was counted and expressed as a
percentage of the total number of cells present on the slide.

Statistical analysis. Results obtained for pleural fluid

mononuclear cells and PBMC were compared by a paired t
test or by the Wilcoxon rank sum test when the data were
not normally distributed.

RESULTS

Cytokine mRNA expression by pleural fluid mononuclear
cells. To investigate the pattern of cytokines produced at the
site of tuberculous infection, we compared cytokine mRNA
expression in freshly isolated pleural fluid mononuclear cells
and PBMC of patients with tuberculous pleuritis. Because
the cytokines we evaluated were likely to be produced by T
cells, we used equivalent amounts of T-cell cDNA from
pleural fluid and blood samples of each patient. cDNA from
both sources were serially diluted, and CD3 b-chain cDNA
was amplified by PCR and then hybridized to radiolabeled
probe. Results of normalization for samples from six patients
are shown in Table 1. PCR amplification and hybridization of
serial dilutions of sample cDNA revealed a log-linear rela-
tionship between the amount of substrate cDNA and radio-
activity incorporation (data not shown).

After normalization for T-cell cDNA, cDNA from pleural
fluid cells and PBMC was amplified with primers specific for
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FIG. 2. Expression of mRNA for the Th2 cytokines IL-4 (A), IL-5 (B), and IL-10 (C). cDNA from pleural fluid cells (-) and PBMC (0)
from six patients with tuberculous pleuritis were normalized for T-cell cDNA, amplified by PCR with cytokine-specific primers, and
hybridized to radiolabeled probes. Radioactivity incorporation is expressed as counts per minute.
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TABLE 2. Radioactivity incorporation by PCR product after
amplification of cytokine cDNA

Radioactivity incorporation
(mean cpm)a

Cytokine P value
Pleural fluid PBMC

mononuclear cells

IFN-y 1,046 (251) 457 (68) 0.06
IL-2 3,704 (549) 2,138 (522) 0.04
Lymphotoxin 5,496 (733) 5,303 (753) 0.74
IL-4 811 (298) 2,126 (318) 0.03
IL-5 67 (7) 67 (5) 0.98
IL-10 513 (138) 731 (280) 0.47

a Value in parentheses is standard error.

the cytokines IFN--y, IL-2, lymphotoxin, IL-4, IL-5, and
IL-10. Hybridization of PCR product to radiolabeled probes
revealed significant differences between cytokine mRNA in
pleural fluid mononuclear cells and in PBMC. For the
cytokines characteristically produced by Thl cells, radioac-
tivity incorporation representative of mRNA for IFN--y and
IL-2 was greater in pleural fluid cells than in PBMC (Fig. 1A
and B), whereas the amounts of mRNA for lymphotoxin
were similar in pleural fluid cells and PBMC (Fig. 1C). Only
patient 6 showed no increased expression of mRNA for
IFN-y or IL-2 mRNA in pleural fluid cells. This patient was
not clinically distinguishable from the other five patients.
For cytokines characteristically produced by Th2 cells,

radioactivity incorporation representative ofmRNA for IL-4
was decreased in pleural fluid cells compared with PBMC
(Fig. 2A). mRNA for IL-5 was barely detectable (Fig. 2B),
and expression of IL-10 mRNA was variable in pleural fluid
cells and PBMC (Fig. 2C). Mean values for radioactivity
incorporation representative of mRNA for cytokines in
pleural fluid cells and PBMC are shown in Table 2. All PCR
amplification and hybridization experiments for a given
cytokine were performed at the same time.

PCR amplification of cytokine cDNA in plasmids. To con-
firm that the differences observed in radioactivity incorpo-
ration by PCR product represented quantitative differences
in substrate cDNA, we compared results of PCR amplifica-
tion and hybridization of patient samples with parallel results
obtained by amplification of plasmids containing known
copy numbers of cDNA for IFN--y, IL-2, and IL-10. Hybrid-
ization of PCR product for the samples and plasmids was
performed at the same time. For plasmids containing IFN--y,
the relationship between copy number of IFN--y cDNA and
radioactivity incorporation was log-linear for amplification
of 10 to 109 copies (Fig. 3). The values obtained for radio-
activity incorporation by IFN--y cDNA PCR product from
the samples ranged from 230 to 2,259 cpm, which was within
the linear range of PCR amplification. These results indicate
that the greater radioactivity incorporation representative of
IFN--y mRNA in pleural fluid versus blood reflected differ-
ences in substrate IFN--y mRNA in these compartments.
Similar experiments with plasmids containing IL-2 and IL-10
cDNA indicated that radioactivity incorporation by PCR
product from the samples was within the linear range of PCR
amplification (data not shown).

Cytokine concentrations in pleural fluid and serum. To
determine whether the pattern of selective cytokine mRNA
concentration in pleural fluid cells reflected cytokine produc-
tion at the site of disease, we measured concentrations of
IFN-y, IL-2, IL-4, IL-5, and IL-10 in pleural fluid and serum
of seven patients. In confirmation of previously published
results, IFN-y concentrations were markedly elevated in
pleural fluid (mean, 1,178 pg/ml), but not detectable in serum
(P < 0.01; Figure 4A). Concentrations of IL-10 were also
elevated in pleural fluid compared with serum (mean, 155
versus 16 pg/m; P < 0.05; Fig. 4B). IL-2 was barely
detectable (22 pg/ml) in serum of two patients but not in
pleural fluid. IL-5 was detectable in one pleural fluid sample
but not in serum, and IL-4 was not detectable in either
pleural fluid or serum.
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FIG. 3. PCR amplification and hybridization of plasmid containing IFN--y cDNA. Plasmid containing known copy numbers of IFN--y

cDNA was amplified by PCR with primers specific for IFN-y and hybridized to radiolabeled probe. Radioactivity incorporation is shown on
they axis as counts per minute.
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FIG. 4. Concentrations of IFN--y (A) and IL-10 (B) in pleural
fluid (U) and serum (0). Concentrations of IFN-y and IL-10 were
measured by ELISA in pleural fluid and serum of seven patients
with tuberculous pleuritis.

Expression of IL-10 mRNA by macrophages. IL-10 can be
produced by Thl cells, Th2 cells, or macrophages (15, 17,
53). Because IL-10 concentrations were elevated in pleural
fluid, but IL-10mRNA expression was similar in pleural fluid
cells and PBMC after normalization for T-cell mRNA con-
tent, we hypothesized that IL-10 was not produced predom-
inantly by T cells. We therefore renormalized pleural fluid
and blood samples for total mRNA content, using P-actin as
a marker. After normalization, samples were amplified with
primers specific for IL-10 and hybridized to radiolabeled
probe. Radioactivity incorporation representative of IL-10
mRNA was greater in pleural fluid cells than in PBMC
(mean, 1,094 versus 656 cpm; P = 0.0002) (Fig. 5). To
determine the source of IL-10 mRNA, freshly isolated
pleural fluid cells were separated into CD3+ and CD3-
populations by immunomagnetic selection of CD3+ cells. By
PCR amplification, IL10 mRNA was detected predominantly
in CD3- but not CD3+ cells. IL-10 mRNA was also detect-
able in CD14+ pleural fluid cells, indicating that IL-10
mRNA is expressed predominantly by macrophages.

Cytokine production in response to M. tuberculosis. Failure
to detect IL-2, IL-4, and IL-5 in pleural fluid and serum may
result from uptake of these cytokines by pleural fluid or
blood cells. As an alternative means to assess whether the
selective cytokine mRNA expression in pleural fluid and
blood reflected translation into active cytokine in response
to mycobacterial antigen, we measured cytokine concentra-
tions in pleural fluid mononuclear cells and PBMC of six
patients stimulated in vitro with M. tuberculosis Erdman.
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FIG. 5. Expression of IL-10 mRNA after normalization for n-ac-
tin. cDNA from pleural fluid cells (-) and PBMC (0) from six
patients with tuberculous pleuritis were normalized for 0-actin
cDNA, amplified by PCR with IL-10-specific primers, and hybrid-
ized to radiolabeled probe. Radioactivity incorporation is expressed
as counts per minute.

Mean concentrations of IFN-y produced by pleural fluid
cells were significantly higher than those produced by PBMC
(mean, 9,180 versus 1,537 pg/ml; P = 0.002) (Fig. 6A).
Similar findings were noted for concentrations of IL-2
(mean, 688 versus 16 pg/ml; P = 0.001) (Fig. 6B). In five of
six cases, PBMC produced more IL-10 than did pleural fluid
cells (Fig. 6C), but this difference did not achieve statistical
significance (P = 0.07). IL-4 and IL-5 were not detectable in
any of the supernatants tested.
Frequency of cells that produce IFN-y. To determine

whether the higher concentration of IFN-y in stimulated
pleural fluid cells was due to a higher frequency of antigen-
reactive cytokine-producing cells, in situ hybridization was
performed on cytocentrifuge preparations of pleural fluid
cells and PBMC cocultured with M. tuberculosis Erdman.
The frequency of cytokine mRNA-expressing cells was 20-
to 60-fold higher in pleural fluid than in blood (P = 0.0007)
(Fig. 7).

DISCUSSION

The data presented in this report provide strong evidence
for compartmentalization of Thl cytokines and IL-10 at the
site of disease in humans with a resistant immune response
to M. tuberculosis. Expression ofmRNA for IFN--y and IL-2
was greater in pleural fluid than in blood of patients with
tuberculous pleuritis, and concentrations of IFN-y were
15-fold higher in pleural fluid than in serum. Pleural fluid
lymphocytes stimulated with M. tuberculosis produced sub-
stantially higher concentrations of IFN--y and IL-2 than did
peripheral blood lymphocytes, and the frequency of cells
expressing IFN-,y mRNA was 20- to 60-fold higher in pleural
fluid than in blood. IL-10 produced by macrophages was also
selectively concentrated in the pleural space and may serve
to downregulate the local immune response.
Immunologic resistance and susceptibility to intracellular

pathogens in mice are thought to be mediated by CD4+ T
cells with specific patterns of cytokine secretion. Thl cells
that produce IFN-y confer resistance to infection with
Leishmania sp. (26, 45), Candida sp. (41), and Schistosoma
mansoni (20, 39, 40), whereas Th2 cells that produce IL-4
may mediate protective immunity against Trichinella spiralis
and Trichuris muris (19, 24). Immunologic resistance to
mycobacterial infection is probably mediated by T cells that
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FIG. 6. Production of IFN-y (A), IL-2 (B), and IL-10 (C) by pleural fluid mononuclear cells (M) and PBMC (1) stimulated with M.
tuberculosis. Mononuclear cells from pleural fluid and blood of six patients with tuberculous pleuritis were cocultured with M. tuberculosis
Erdman for 24 h, and cytokine concentrations in supernatants were determined by ELISA.

product IFN-y and IL-2, but not IL-4. Lymphocytes from
mice vaccinated with mycobacteria (48, 50) and those show-
ing resistance to rechallenge with M. bovis (29) produce high
concentrations of IFN-,y and IL-2 but low levels of IL-4. In
contrast, lymphocytes from mice without resistance to re-
challenge with mycobacteria produce high levels of IL-4 and
low levels of IFN--y and IL-2 (29).

Published data on cytokine production in the human
immune response to mycobacterial infection are less defini-
tive than those in murine infection. Some CD4+ M. leprae-
reactive and M. tuberculosis-reactive human T-cell clones
are Thl-like, producing high concentrations of IFN-y but
low concentrations of IL-4 and IL-5 (16, 25, 43). In contrast,
we and others have found that most M. tuberculosis-reactive
T-cell clones from healthy tuberculin reactors secrete a less
restricted pattern of cytokines that includes IFN-y, IL-2,
IL-4, IL-5, and IL-10 (5, 12). The pattern of cytokines
secreted by human T-cell clones depends in part on differ-
ences in culture conditions. For example, addition of IL-4
favors development of ThO and Th2 clones, whereas absence
of exogenous IL-4 favors development of Thl clones (1, 33).
Because the cytokine patterns observed for human T-cell

% of IFN-gamma+ cells

2 3 4

FIG. 7. Frequency of cells expressing mRNA for IFN--y in
pleural fluid mononuclear cells (-) and PBMC (0) stimulated with
M. tuberculosis. Mononuclear cells from four patients were cocul-
tured with M. tuberculosis, cytocentrifuge preparations were made,
and in situ hybridization was performed to determine the frequency
of cells expressing mRNA for IFN--y. The mean number of cells on
each slide was 11,267, and the mean number of positive cells in the
pleural fluid samples was 246 versus 4 for the PBMC samples.

clones cultured in vitro may not reflect events in vivo, it is
critical to evaluate the cytokine response at the site of
mycobacterial disease. Studies in leprosy indicate that
mRNA for IFN--y and IL-2 is highest in tuberculoid leprosy
patients with a relatively resistant immune response,
whereas expression of mRNA for IL-4, IL-5, and IL-10
predominates in lepromatous leprosy patients with ineffec-
tive immunity (51). It remains uncertain from these studies
whether the predominance of Thl cytokines in tissue lesions
of tuberculoid leprosy patients reflects dominance of Thl
cells in blood of these patients or results from compartmen-
talization of Thl cells in tissue lesions. Our current findings
suggest that selective concentration of Thl cells predomi-
nates at the site of disease in patients with a resistant
immune response to mycobacterial infection.
Enhanced production of IFN--y and IL-2 in the pleural

space is likely to contribute to immune defenses against M.
tuberculosis. IFN--y enhances antimycobacterial activity of
murine macrophages (22), probably through increased pro-
duction of reactive nitrogen metabolites (23), and IFN-y
production is a functional marker of murine T cells that
confer adoptive immunity against M. bovis and M. tubercu-
losis (30, 37). Although the capacity of IFN--y to enhance
antimycobacterial activity by human macrophages in vitro
remains controversial (18, 46), administration of this cyto-
kine reduced the bacillary burden in patients with leproma-
tous leprosy (36). IL-2 may also facilitate mycobacterial
elimination through its activity as a potent T-cell growth and
activation factor that further increases the local concentra-
tion of macrophage-activating factors such as IFN--y.
Because IL-4 deactivates macrophages (2, 27, 31, 38) and

blocks T-cell proliferation by downregulation of IL-2 recep-
tor expression (34), the relative absence of IL-4 in the pleural
space may enhance host immune defenses. Exclusion of
IL-4 may also explain the relatively low concentration of
immunoglobulin in pleural fluid despite the hyperglobuline-
mia in serum of tuberculosis patients (32).

In contrast to findings for IL-4, IL-10 was detectable in
pleural fluid and IL-10 mRNA was expressed predominantly
by macrophages, which may produce IL-10 in response to
high local concentrations of mycobacterial antigens such as
lipoarabinomannan (7). IL-10 may inhibit synthesis of cyto-
kines such as tumor necrosis factor alpha by macrophages
(17) and IFN--y by T cells (21, 35), which may otherwise
result in a marked inflammatory response and tissue damage.
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Enhanced release of IL-10 by PBMC versus pleural fluid
cells stimulated in vitro with M. tuberculosis may reflect the
relatively greater percentage of macrophages in PBMC com-
pared with pleural fluid of patients with tuberculous pleuritis
(4a).
The human immune response to infectious agents is often

a double-edged sword that contributes to elimination of
pathogens but may also be harmful to host cells. In pleural
tuberculosis, the inflammatory response effectively elimi-
nates mycobacteria but produces large pleural effusions,
fever, chest pain, and shortness of breath. It is intriguing to
speculate that IFN--y, a prominent cytokine in the pleural
space, contributes to cell-mediated immunity through mac-
rophage activation, as well as to immunopathology through
enhancement of production of tumor necrosis factor, which
in turn causes fever and tissue necrosis. In support of this
hypothesis, concentrations of tumor necrosis factor are
elevated in pleural fluid of patients with tuberculous pleuritis
(8), and administration of IFN--y to lepromatous leprosy
patients enhances mycobacterium-induced tumor necrosis
factor production, resulting in fever, malaise, and weight
loss (44). Further studies of the local immune response in
human tuberculosis will enhance our understanding of the
complex host-pathogen interaction and facilitate develop-
ment of immunomodulatory therapy to reduce morbidity and
mortality from this disease.
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