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Abstract
Background - Sarcoidosis is a disease
characterised by clinical "anergy" to
delayed type hypersensitivity antigens
and the formation of non-caseating gra-
nulomas, which frequently manifests in
the lungs as a T lymphocyte/mononuc-
lear cell alveolitis. Although there is an
increased proportion of T cells in bron-
choalveolar lavage (BAL) samples from
these patients, and these T cells often
show evidence of activation and sponta-
neous secretion of cytokines such as
interleukin 2 (IL-2) and interferon
gamma (IFNy) - a pattern similar to
delayed type hypersensitivity reactions -
it is unclear whether both cytokines are
produced by the majority of T cells de-
rived from the lungs of patients with
sarcoidosis or whether unique subpopu-
lations of T cells produce each cytokine.
In this study the properties of T cells
cloned from BAL fluid samples of patients
with sarcoidosis have been analysed.
Methods - T cells were cloned by limiting
dilution using IL-2, phytohaemaggluti-
nin, and irradiated feeder cells. Cloning
efficiencies were compared and phyto-
haemagglutinin induced clonal produc-
tion of IL-2, IFNy, and IL-4 was deter-
mined by bioassay (IL-2 and IFNy) or
ELISA (IL-4).
Results - T cells derived from the BAL
fluid of patients with sarcoidosis cloned
less efficiently than those from blood of
the same individuals. Lung derived
clones (CD4 + or CD8 + ) produced IFNy
more frequently and to a higher titre
than blood derived clones, whereas IL-2
production by CD4 + clones derived
from BAL fluid was less than that from
blood derived clones. Interestingly, IL-4
production by clones from both sites was
similar. Analysis of the coproduction of
IL-2, IFNy, and IL-4 by these BAL fluid
clones did not demonstrate a predomin-
ant "Thl"-like population which has
been suggested to underlie delayed type
hypersensitivity reactions.
Conclusions - The reduced cloning
efficiency of T cells from the lung com-
pared with the blood in sarcoidosis is
consistent with, although probably more
pronounced than, previous observations
in normal lungs and shows that T cell
hyporesponsiveness is not overcome in
the lungs of patients with sarcoidosis.
Furthermore, major differences exist

between the cytokine producing potential
of T cells derived from the lung and the
blood in sarcoidosis, and these parallel
the differences in the properties of blood
and lung T cells seen in healthy indi-
viduals.

(Thorax 1994;49:577-585)

Sarcoidosis manifests in the lungs as a T
lymphocyte/mononuclear phagocyte alveolitis
and a granulomatous response which may re-
sult in irreversible damage to the lung paren-
chyma.' In bronchoalveolar lavage (BAL)
samples there is an increased proportion of
lymphocytes and, in active disease, usually an
increase in the ratio of CD4+ to CD8 + T
cells.23 T cells associated with the granulomas
in lung biopsies and BAL samples often ex-
press interleukin 2 receptors (IL-2R) and
other markers of activation such as HLA-
DR.45 Furthermore, these T cells in BAL fluid
spontaneously secrete cytokines such as IL-2,
interferon gamma (IFNy), and monocyte
chemotactic factor."9 These data suggest an
ongoing T cell response. The stimulating
agent or antigen is unknown, but the cytokines
released are thought to facilitate recruitment of
mononuclear cells and granuloma formation,9
and it seems likely that CD4 + T cells are
intimately involved in this process.
Murine CD4 + T cell clones have been

divided into "Thi" cells which produce IL-2,
IFNy, and lymphotoxin and mediate delayed
type hypersensitivity responses, and "Th2"
cells which produce IL-4, IL-5, and IL-6 and
provide help for B cell differentiation and
immunoglobulin production.10 Although this
division is yet to be conclusively demonstrated
for human T cells, some evidence has accumu-
lated to support the existence of such sub-
populations.' 1-13
The profile of cytokines produced sponta-

neously by lung T cells from patients with
sarcoidosis - that is, IL-2, IFNy - and the
characteristic presence of granulomas reminis-
cent of foci of delayed type hypersensitivity
reactivity, suggest that the CD4+ cells infil-
trating sarcoid lungs may be of the Thl type.
Previous studies of T cells obtained from the
BAL fluid and blood of patients with pulmon-
ary sarcoidosis have largely concentrated on
whole populations rather than individual T
cell responses. It is, however, unknown
whether separate populations of T cells pro-
duce IFNy and IL-2 or whether both cyto-
kines are produced by a single population ofT
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cells. Further, it is unclear whether most of the
T cells in the lungs of patients with sarcoidosis
are capable of producing these cytokines, or

whether a relatively minor subpopulation is
responsible for their secretion.
We have recently shown major differences

in the cytokine producing capacity of T cell
clones derived from healthy lungs compared
with those derived from peripheral blood of
the same subjects.'4 In the work reported here
we compare the properties of T cells clonable
from the lungs of patients with sarcoidosis
with those derived from autologous blood.

Methods
STUDY POPULATION
Nine patients who fulfilled standard criteria
for the diagnosis of sarcoidosis'5 were studied.
Clinical and physiological data for each patient
at the time of lavage are presented in table 1.
All patients were non-smokers. T cell clones
were also derived from nine healthy volunteers
(eight men, one woman; six non-smokers, two
ex-smokers, and one smoker) ofmean (SD) age
54 (10) years in an overlapping study. Data on

these subjects have been published pre-
viously'4 save for those on IL-4 production by
CD8 + clones which are presented here. The
study was approved by the Human Rights
Committee of the University of Western Aus-
tralia.

PREPARATION OF BAL FLUID AND PERIPHERAL
BLOOD CELLS
Bronchoalveolar lavage was performed as pre-
viously described.'6 Briefly, the bronchoscope
was passed transorally and wedged in a sub-
segmental bronchus. Six 50 ml aliquots of
warm (37°C) saline solution were infused into
the lung and recovered immediately into dis-
posable sterile polycarbonate bottles. The first

aliquot was analysed separately and the
remaining five were pooled and used as the
"alveolar cell" sample. The volume and
appearance of this sample were recorded and
the cells were concentrated by centrifugation
at 400g for seven minutes. Cell viability was
determined by trypan blue exclusion and dif-
ferential cell counts were performed on 400
cells stained with May-Grunwald-Giemsa
stain (105 cells per slide). Blood from each
patient was collected in heparinised tubes at
the time of lavage and mononuclear leucocytes
isolated using Ficoll-Paque (Pharmacia Fine
Chemicals, Uppsala, Sweden) density centri-
fugation.

T CELL CLONING BY LIMITING DILUTION
T cells were purified from BAL fluid and
blood samples by adherence and rosetting with
sheep erythrocytes and seeded into round bot-
tomed 96 well microtest plates (Nunc, Ros-
kilde, Denmark) at densities of 0-25, 0 5, 1, 2,
4, 8, and 16 cells per well in a total volume of
200 jld RPMI-1640 (Flow Laboratories, North
Ryde, Australia) containing 15% human AB
serum, 1 pg/ml phytohaemagglutinin (Well-
come, UK), 100 U/ml IL-2 (Cetus, Emery-
ville, California, USA), and 105 irradiated
feeder cells. Feeder cells were either irradiated
(5000 rad) freshly prepared autologous or allo-
geneic blood mononuclear cells or human
spleen cells (3000 rad) which had been stored,
cryopreserved, and cultured overnight in phy-
tohaemagglutinin before use. Fresh media and
feeder cells were added at day 7 and positive
wells were scored on day 12. The fraction of
non-responding wells was plotted against the
number of cells seeded per well on a semilogar-
ithmic plot and precursor frequencies were

determined according to the zero order term of
the Poisson probability distribution. Positive
wells were expanded from plates showing T

Table 1 Clinical, physiological, and bronchoalveolar lavage data for individual patients with sarcoidosis

BAL fluid differential count
(00)

Patient Sex Age Disease Treatment* Chest TLCO Ga+ M L N E
no. (years) duration radiographyt

(years)

1784 F 50 16 Nil N 113 42 880 117 03 00
L+N+

1744 F 29 03 Nil II 110 NM 438 52 6 35 00
1580 M 29 3 Pred III 78 3-4 80 2 16 2 3 6 0.0

L+N-
1777 F 31 01 Nil I 84 3 8 68 0 29 7 2 3 0.0

L+N+
1555 F 68 5 Nil III 64 5 2 56 5 414 1-3 00

L+N-
1705 F 53 10 Nil I 78 4 5 68 3 30 0 1-8 0.0

L+N+
1745 F 50 8 Nil III 68 7 2 85 1 12 9 0 3 2 0

L+N-
1793 M 35 6 Nil III 80 32 88 6 101 1 3 00

L+N-
1867 F 42 6 Nil III 85 3-1 32 6 644 3 0 00

L+N-
Mean (SD) 849 4 3 67 9 29 9 19 0 2

(16 9) (1-4) (20 1) (19 5) (1 3) (0-7)
Normal (SD) values§ 100 2-0 79 7 17 4 2 4 0 3

(109) (97) (19) (04)

TLCO = single breath carbon monoxide diffusing capacity, expressed as % of predicted value; M macrophages; L = lymphocytes; N = neutrophils; E = eosinophils;
NM = not measured.
* Nil = no treatment at time of entry into study, pred = prednisolone 7 5 mg/day.
t Type I (I) = hilar nodes only; type II (II) = hilar nodes + parenchymal shadowing; type III (III) = parenchymal shadowing only; N = normal.
+ Gallium lung scans: N + = nodal uptake; N - = no nodal uptake; L + = increased parenchymal uptake; L - = no increased parenchymal uptake.
§ Data obtained from previous studies carried out in this laboratory on normal subjects.'4
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cell growth in less than 30% of wells giving a
probability of clonality of > 0.793.1417 Clones
were maintained by biweekly feeding with
RPMI supplemented with 10% human AB
serum, 100 U/ml IL-2, and expanded until
sufficient cells were available for analysis.

INDIRECT IMMUNOFLUORESCENCE
Hybridoma lines OKT3 (CD3), OKT4
(CD4), and OKT8 (CD8) were obtained from
the American Type Culture Collection
(ATCC) (Rockville, Maryland, USA), cul-
tured in this laboratory and, after screening,
the culture supernatants were used unpurified.
Unfractionated blood and BAL fluid T cell
preparations and the clones generated from
these preparations were phenotyped by in-
direct immunofluorescence using the above
antibodies.'4 Fluoresceinated sheep antimouse
antibody (Silenus, Melbourne, Australia) was
used as the detection system.

INDUCTION OF CYTOKINES
Cloned T cells were seeded at a density of
106 cells/ml in 200 pl RPMI with 10% human
AB serum in 96 well round bottomed micro-
titre trays (Linbro, Flow Laboratories, USA)
and stimulated with 1 gg/ml phytohaemagglu-
tinin. Supernatants were collected after 24
hours and frozen at - 80°C until assayed.

CYTOKINE ASSAYS
IL-2 was assayed as previously describedi8
using the IL-2 dependent cell line CTLL-2
(ATCC, TIB 214). Units of IL-2 were read
from a standard curve generated using human
recombinant IL-2 (Cetus). IFN-y was
measured using an antiviral bioassay as pre-
viously described.19 The reciprocal of the
sample dilution which produced a 50% inhibi-
tion of the cytopathic effect of encephalomyo-
carditis virus on human Wish cells (ATCC,
CCL25) was determined and the activity was
calculated by comparison with the effect of a
recombinant IFN-y standard (Boehringer-
Ingelheim, Ingelheim Am Rhein, Germany).
IFN activity was confirmed to be gamma in
type by preincubating samples with antibody
to IFNy (Meloy Laboratories, Springfield,
Virginia, USA). IL-4 was assayed using a
commercially available ELISA kit (Genzyme,
Boston, USA). The sensitivities of the assays
for IFN7y, IL-2, and IL-4 were 2 U/ml, 0-2 U/
ml, and 0 1 ng/ml, respectively. Cytokine pro-
duction was considered to be significant when
the quantity measured was greater than 3 SD
above the mean value for feeder cells alone,
processed in the same manner as the clones.
These cutoffs were >4 U/ml (IFNy), >2 U/
ml (IL-2), and > 0-16 ng/ml or 4 U/ml (IL-4).

STATISTICAL ANALYSIS
Cloning efficiencies and cytokine levels were
compared using the Wilcoxon rank sum test
and p values of < 0-05 were regarded as statist-
ically significant.

Results
CELLULAR CONTENT OF BAL FLUID AND BLOOD
The total cell yield and the volume of lavage
fluid recovered from patients with sarcoidosis
were similar to those obtained by lavage of
normal subjects (data not shown). The per-
centage of lymphocytes in the BAL fluid var-
ied from 10% to 64%. The percentage of
CD4 + T cells in the BAL fluid from patients
with sarcoidosis varied from 50% to 100%,
compared with 33-52% in the peripheral
blood.

CLONING EFFICIENCY
T cells derived from BAL fluid of patients
with sarcoidosis cloned far less efficiently than
those derived from the blood (p < 0 005, Wil-
coxon rank sum). In all cases the T cell precur-
sor frequency in BAL samples was less than
that in the blood of the same subject (fig 1).
Blood derived T cells from patients with sar-
coidosis were as readily clonable as those from
healthy individuals'4 (median precursor fre-
quency 6 2 compared with 6 3 for normals'4).
T cells from the BAL fluid samples of patients
with sarcoidosis were less readily clonable than
those from the BAL fluid of healthy subjects'4
using identical methods and performed during
the same time period (median precursor fre-
quency for BAL samples from sarcoid patients
47 3 compared with 20 5 for normals'4).

SURFACE PHENOTYPE
The number of CD4 + clones derived from
BAL fluid samples from patients with sarcoid-
osis ranged from five to 38 (mean 17-5), and
from the blood of patients with sarcoidosis the
range was four to 59 (mean 22 5). CD8 +
clones were less common, the range for BAL
fluid being one to 16 (mean four) and for blood
one to 15 (mean six). A total of 161 BAL fluid
derived and 209 blood derived CD4+ clones
were analysed along with 37 BAL fluid derived
and 54 blood derived CD8 + clones. The mean
proportions of CD4 + and CD8 + clones
generated from BAL fluid samples from
patients with sarcoidosis did not differ signi-

70-

60

50-

40)4

3030

o020
o

0- &-

Figure 1 Cloning frequencies for T cells cloned from
BAL fluid and blood of patients with sarcoidosis. The
data are plotted as the number of starting cells which
yield a single T cell clone (1/n).
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ficantly from the proportions present in the
starting populations, although CD4+ T cells
were more readily clonable than CD8+ cells
from the blood of patients with sarcoidosis (fig
2).

CYTOKINE SYNTHESIS BY CD4 + CLONES
As the cytokine producing potentials of CD4 +
and CD8 + cells are known to differ, and in
view of potential heterogeneity within the
CD4 + population, CD4 + and CD8 + clones
were analysed separately. Eight of the nine
subjects yielded sufficient CD4 + clones to
allow comparison of the properties of clones
derived from BAL fluid and blood within
individuals. In seven subjects IFNy produc-
tion by clones derived from BAL fluid was
greater than that by blood derived clones
(p<O001), and in one the difference was not
statistically significant (fig 3A). IL-2 produc-
tion was less in clones derived from BAL fluid
than in those derived from blood (p < 0 02) in
each of five subjects and not significantly dif-
ferent in three (fig 3B). The pooled data clearly
indicated that CD4 + clones derived from
BAL fluid of patients with sarcoidosis pro-
duced significantly more IFNy (p < 0-0005)
and significantly less IL-2 (p < 00005) than
those derived from blood of patients with
sarcoidosis (data not shown). By contrast, pro-
duction of IL-4 by CD4 + clones derived from
blood and BAL fluid differed in only one
subject (data not shown).

IL-2 AND IFN7 SYNTHESIS BY CD8 + CLONES
Insufficient CD8 + clones were available from
each patient to allow meaningful individual
analyses so only pooled data were compared
(fig 4). Clones derived from BAL fluid pro-
duced higher concentrations of IFNy than
those from blood (p < 0 02). The distributions
of IL-2 (fig 4) and IL-4 (data not shown)
concentrations were not significantly different.

CYTOKINE COMBINATIONS
In an effort to define subsets of CD4 + T cells
we analysed the clones according to the com-

BAL

Origina

Blood
D- CD4+

CCD8+ on

II Clones

binations of the cytokines which they were
capable of producing. When production of IL-
2 plus IFNy, a widely used phenotypic feature
of Thl clones, was analysed it became clear
that very few CD4 + clones from BAL fluid
produced IL-2 without IFNy, although many
produced IFNy without IL-2 (fig 5). By con-
trast, a very large proportion of blood derived
clones produced IL-2 without IFNy, and a
lesser number produced IFNy without IL-2.
Many clones from both sources were capable
of producing both cytokines.
When the clones were analysed for the

coproduction of IL-4 and IFNy, a phenotypic
feature of "ThO" but not Thl or Th2 cells, it
became clear that a higher proportion of clones
derived from blood than from BAL fluid pro-
duced IL-4 without IFNy (48% v 11%) (fig
5). Importantly, a high percentage of clones
from both sources produced both IL-4 and
IFNy (59% and 40%0, respectively).
A similar comparison of IL-4 and IFNy

production by the CD8 + clones revealed very
few clones, derived from either blood or BAL
fluid, which produced IL-4 alone and larger
proportions which either produced IFNy
alone or both cytokines. These findings are
consistent with those for CD8+ clones from
the BAL fluid and blood of healthy individuals
(fig 6).

Discussion
Despite the apparent heightened "activation"
of T cells derived from the BAL fluid of
patients with sarcoidosis-9 in comparison with
those from normal individuals and from auto-
logous blood, this study shows that the T cells
have a reduced response to T cell mitogens
under the cloning conditions used here. This is
consistent with the observation of reduced
responses ofT cells from BAL fluid of patients
with sarcoidosis to common recall antigens such
as purified protein derivative and Candida anti-
gen.20 The reduced cloning efficiency of T cells
derived from BAL fluid, compared with blood,
of healthy individuals'4 is thus not overcome in
the lungs of patients with sarcoidosis. This

Figure 2 Phenotypes of starting T cell populations and resultant clones derived from BAL fluid and blood of
patients with sarcoidosis (graphs show mean (SE)).
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provides further confirmation that the lym-
phocyte accumulation in the lung in sarcoid-
osis represents part of a pathophysiological
process and not merely a "leakage" of blood
lymphocytes into the lung. Whether this
reduced clonability is acquired before entering
the lung or under the immunosuppressive in-
fluence of the lung milieu2' is unknown. Inter-
estingly, it appears that T lymphocytes de-
rived from the BAL fluid of patients with
sarcoidosis clone even less efficiently than
those from normal BAL fluid, even though the
cloning efficiencies of T cells derived from the
blood of both subject groups were similar.
This reduction in proliferative response and
clone precursor frequency of lung T cells may
be due to an amplification of the suppressive
effect in the lung in sarcoidosis. The number
and activity of suppressive macrophages in the
alveoli are increased in sarcoidosis.22 Alternati-
vely, post-activated lymphocytes are less clon-
able. There is evidence for T cell receptor
downregulation in sarcoidosis,23 so the reduced
cloning efficiency may reflect local T cell acti-
vation or accumulation of activated T cells in
the lungs. Whether the T cells in the lung are
in a state of partial anergy or are committed to
a path towards cell death is also unknown.
Data from Becker et aP'4 indicating some re-

sponsiveness to anti-CD3 and IL-2, in healthy
lung T cells at least, are consistent with the
former.
T cells freshly isolated from the lavage fluid

of patients with sarcoidosis spontaneously sec-

rete IFNy,8 and those derived from patients
with very active disease secrete IL-2.6 The

data in the present study which show that the
majority of both CD4 + and CD8 + lung
clones are intrinsically capable of producing
IFN,y, and that a much smaller proportion
produce IL-2, may be a reflection of the less
severe level of inflammation of most of the
patients studied or, more likely, they may

indicate that IFNy is produced by most lung T
cells in sarcoidosis whereas IL-2, when pro-

duced, is produced by a smaller proportion of
these cells. This is supported by the observa-
tion that granuloma associated T cells predo-
minantly produce IFNy rather than IL-2.25
Conversely, a greater proportion of CD4+
blood derived clones produced IL-2 than
IFNy. These data are consistent with our

observations in healthy subjects,'4 suggesting
that in both patients with sarcoidosis and nor-

mal individuals the lung milieu may exert a

modulating influence on recruited T cells in
favour of IFN-y production or, alternatively, T
cells of this phenotype may be selectively rec-

ruited from the blood to the lung.
T cell dichotomy has been shown in several

human immunological responses and diseases
with an immunological basis.26 In tuberculoid
leprosy Thl-like cells predominate, whereas
Th2-like cells are found in the lepromatous
form," 12 and in cutaneous responses to puri-
fied protein derivative Thl cells are found,27
while in local atopic allergic responses Th2
cells predominate.28 We hypothesised that a

predominance of Thl-like T cell clones would
be derived from the BAL fluid of sarcoidosis
patients. The majority of CD4 + clones were
neither Thl nor Th2 in phenotype since they
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were capable of producing both IL-4 and
IFNy. This is consistent with previous reports
in which T cell clones have been stimulated
with mitogens.2930 Amongst clones derived
from BAL fluid there was a clear population
(28%) which produced IFNy without IL-4,
and a paucity of clones ( 1%) which produced
IL-4 without IFNy. By contrast, amongst
blood derived clones 48% produced IL-4
without IFNy (Th2-like) and only 8% pro-
duced IFNy alone. Analysis of the coproduc-
tion of IL-2 and IFNy provides further sup-
port for the differences in properties of the
clones derived from the two compartments.
Although many clones derived from either the
BAL fluid or blood produced both IL-2 and
IFNy, it is clear that clones producing IFNy
alone were derived primarily from the BAL
fluid and clones producing IL-2, but no IFNy,
were derived primarily from the blood. These
data are again consistent with data derived
from healthy individuals.'4
The distributions of the concentrations of

IFN'y or IL-2 produced by clones derived
from the BAL fluid of patients with sarcoidosis
were not statistically different from those pro-
duced by BAL clones from normal subjects
(table 2). Similarly, the blood derived clones
from the two groups did not differ in their IL-
2 production. Clones derived from blood of
patients with sarcoidosis tended to produce
lower concentrations of IFNy than those from
the blood of healthy subjects (p < 0 02). Inter-
estingly, the quantity of IFNy produced by the
CD8 + clones from the blood or BAL fluid of
healthy individuals was greater than that pro-
duced by CD8 + clones from the correspond-
ing compartments of patients with sarcoidosis
(table 2). These differences are unlikely to be a
function of temporal variations in assay sensit-
ivity since a similar comparison of CD4 +
populations from the two groups of subjects
(see above) showed no differences in IL-2
production by clones derived from BAL fluid
or blood, and no difference in IFNy produc-
tion by clones derived from BAL fluid.

Table 2 Comparison of cytokine production by T cell clones from patients with
sarcoidosis and normals

IFNy IL-2 IL-4

n Median n Median n Median

CD4+ BAL fluid
S 153 32 153 1-9 102 0-3
N 61 32 60 00 35 0-7
p NS NS NS

CD4+ blood
S 198 2 190 5-1 102 0-9
N 77 4 78 7-2 26 0 5
p 0-02 NS NS

CD8 + BAL fluid
S 34 40 34 2-2 29 0-1
N 50 128 48 6-6 38 0-2
p 0 01 < 0 01 NS

CD8 + blood
S 52 16 46 1-6 32 0.1
N 42 64 43 5 8 38 00
p <0005 001 NS

S = sarcoidosis, N = normal.
p value derived by comparing ranges of cytokine concentrations using the Wilcoxon rank sum
test.
Cytokine concentrations are expressed in the same units as described in Methods section. Data on
normal individuals were taken from our previously published work"4 and from CD8 + data
presented in this paper.
Median values are shown since these reflect the wide distribution of cytokine concentrations (see
figs 3-6 for concentration ranges).

In summary, this study has confirmed that
T lymphocytes derived from the lungs of
patients with pulmonary sarcoidosis are less
readily clonable than those from autologous
peripheral blood. These data are consistent
with the properties of T cells derived from
BAL fluid of healthy lungs, although the
reduced proliferative capacity seems to be
more pronounced in the lungs of patients with
sarcoidosis, suggesting either suppression or
anergy. Major differences also exist in the
cytokine producing potential ofT cells derived
from the lung and the blood, and again these
parallel the differences in the properties of
blood and lung T cells seen in healthy indi-
viduals. No evidence for a shift to Thl pheno-
type was seen.
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