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Abstract

Current concepts of the pathogenesis of sarcoidosis suggest
that the expanded numbers of activated T-helper/inducer cells
at sites of disease activity result, at least in part, from their
proliferation in the local milieu. Normal clonal proliferation of
T cells involves-activation and expression of the IL 2 receptor
(IL 2R) gene. Thus, knowing that IL 2RmRNAtranscripts are
relatively long lived, we hypothesized that sarcoid blood T cells
may contain IL 2R mRNAtranscripts and express functional
surface IL 2R, although the cells are probably activated else-
where. Northern analysis using a 32P-labeled cDNAprobe for
the IL 2R p55 protein demonstrated that blood T cells of pa-
tients with active sarcoidosis, but not of normal patients, ex-
press 3.5- and 1.5-kb IL 2R mRNAtranscripts, the same as
those observed in normal T cells activated in vitro. Consistent
with this, using flow cytometry and an MAbdirected against
the IL 2R p55 protein (2A3), we observed detectable levels of
IL 2R surface protein on increased numbers of blood T cells of
active sarcoidosis patients (4.7±0.9%) compared with blood.T
cells of normal patients (0.9±0.2%). Importantly, when the
sarcoid blood T cells were exposed to IL 2 in vitro, they prolif-
erated at a rate greater than that of normal blood T cells under
the same conditions, suggesting that the IL 2R spontaneously
expressed by sarcoid blood T cells were functionally active. In
the context of the known compartmentalization of spontaneous
IL 2 production and T cell proliferation at sites of disease in
active pulmonary sarcoidosis, these IL 2R positive blood T
cells would probably have a proliferative advantage if they
trafficked to sites of active sarcoidosis, such as the lower respi-
ratory tract.

Introduction

Sarcoidosis is a chronic granulomatous disorder characterized
at sites of disease by the accumulation of activated helper/in-
ducer T lymphocytes (1-9). In this context, evaluation of in-
flammatory cell populations in affected organs of individuals
with active sarcoidosis has demonstrated increased numbers of
CD4+ (helper/inducer) T cells that express surface activation
markers such as the IL 2 receptor (IL 2R)' (10, 11), D-related-
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antigen (8, 11, 12), 5/9 (13), and very late activation antigen-I
(VLA-1) ( 14). Furthermore, these T cells at the site of disease
proliferate at an exaggerated rate and release mediators typical
of activated T lymphocytes,-including IL 2 (11, 15-17), IFN-y
(18, 19), monocyte chemotactic factor (4, 13), and a nonspe-
cific stimulus for Ig production by B lymphocytes (13, 20). In
comparison, evaluation of the blood of these individuals dem-
onstrates decreased numbers and proportions of CD4+T cells.
Furthermore, the blood T cells do not proliferate, and do not
release the mediators spontaneously released by their autolo-
gous counterparts that are compartmentalized at sites of dis-
ease (2-5, 8, 11, 13-16, 18, 20). Consistent with these obser-
vations, lung T cells of these individuals spontaneously express
the IL 2 gene, whereas the blood T cells do not (21). Although
sarcoidosis is a systemic disorder, in that it often involves sev-
eral organs, in the context of the observation of the compart-
mentalization of activated T cells to the sites of disease, it thus
has been concluded that the activation of these T lymphocytes
occurs locally at the sites of disease and the activated T cells
accumulate in the local milieu. Activation thus is not a gener-
alized property of T cells throughout the bodies of patients
with active sarcoidosis (2-5, 8, 11, 13-16, 18, 20, 21).

That T cells traffic from organs to lymph node to blood
and back (22-28), together with recent observations suggesting
similar T cell antigen receptor ,8-chain gene rearrangements of
T cells in both blood and lung of patients with active sarcoido-
sis (29), has led us to ask whether blood T cells of such individ-
uals are truly quiescent, or whether a proportion of these cells
has been at least partially activated. Wethus capitalized on the
knowledge that, of the immune response genes expressed after
activation, IL 2R mRNAtranscripts are relatively long lived
(30-33). These observations led us to hypothesize that T cells
in the blood of patients with active sarcoidosis may spontane-
ously express IL 2R genes. The data not only support this
concept by demonstrating that sarcoid blood T cells contain IL
2R p55 chain mRNAtranscripts and express surface IL 2
receptors, but show that these sarcoid T lymphocytes respond
to exogenous IL 2 by proliferating in an exaggerated fashion.
This suggests that if these T cells migrate to compartments in
which IL 2 is released, they are primed to proliferate in the
local milieu.

Methods

Study population. Using previously defined criteria, including lung
biopsy, the diagnosis of sarcoidosis was established in 13 individuals
(2). No patients were receiving therapy at the time of study or within
the previous 2 mo. There were 3 males and 10 females; the average age
was 33±2 yr. (All data are presented as mean±SEM; all statistical
comparisons were made using the two-tailed t test.) 10 were nonsmok-
ers and 3 were exsmokers for a minimum of 2 yr. All had abnormal
chest x rays (type I [n = 1], type II [n = 8], and type III [n = 4]) (34). On
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the average, lung function testing (35) revealed reduced lung volumes
(vital capacity 63±4% predicted, total lung capacity 63±4% predicted),
reduced diffusing capacity (58±5% predicted, corrected for volume
and hemoglobin), and normal airflow (forced expiratory volume in 1
s/forced vital capacity 108±i% predicted). Using previously defined
criteria (2, 36), we determined that all patients had active sarcoidosis.
All had positive gallium-67 scans (37). Bronchoalveolar lavage re-
vealed (38), on the average, 60±2% fluid recovered and 89±8 X 106
cells recovered. The cell differential was typical for active sarcoid,
including 54±6% lymphocytes, 43±6% alveolar macrophages, 2±1%
neutrophils, and 1±1% eosinophils. Evaluation of lymphocyte pheno-
types by flow cytometry using a FACSIV (Becton, Dickinson & Co.,
Oxnard, CA) with the fluorescein isothiocyanate- (FITC)-conjugated
MAbs Leu3 (CD4, helper/inducer T lymphocytes, Becton, Dickinson
& Co.) and Leu2 (CD8, suppressor/cytotoxic T lymphocytes, Becton,
Dickinson &Co.) revealed an average CD4+ to CD8+ratio of 5.0±1.0
in the lung and 1.8±0.2 in the blood.

For comparison, 28 normal individuals were evaluated. These indi-
viduals (16 males, 12 females; age 29±2 yr, all nonsmokers) had nei-
ther history nor evidence of lung disease by physical examination,
chest x ray, and pulmonary function tests. None were taking medica-
tion at time of the study. Bronchoalveolar lavage revealed 58±2% fluid
recovered. There were 27±4 X 106 cells recovered with a cell differen-
tial of 89±3% alveolar macrophages, 9±2% lymphocytes, 1±1% neu-
trophils, and < 1%eosinophils.

Source of lymphocytes. Blood T lymphocytes were purified from
heparinized blood by Ficoll-Hypaque (Litton Bionetics, Inc., Ken-
sington, MD) gradient centrifugation (39) followed by the passage of
cells over nylon wool columns (40). Lung T lymphocytes were purified
from bronchoalveolar lavage samples by passage over nylon wool col-
umns. The resultant blood and lung T lymphocyte populations were
> 98% viable (trypan blue exclusion) and > 95% pure as assessed by
flow cytometry with the FITC-conjugated OKTi 1 MAb(CD2, panT;
Ortho Diagnostic Systems, Inc., Johnson & Johnson, Raritan, NJ).

Evaluation of T lymphocytes for IL 2R mRNAtranscripts. Total
cellular RNAwas isolated using guanidine isothiocyanate and cesium
chloride centrifugation (41, 42). 5-Mg RNAsamples were evaluated for
the presence of IL 2R mRNAtranscripts using Northern analysis (43)
and a 32P-labeled cDNAprobe coding for the IL 2R p55-chain (specific
activity of 2-5 X 0I dpm/,ug). The IL 2R cDNA probe (44) was
derived from the plasmid pIL2R2, encompassing exons I through- VI
and the first 20 bp of exon VII of the IL 2R p55-chain cDNA(pIL2R2
was a gift of T. Waldmann, National Cancer Institute). As a control,
parallel filters were hybridized with cDNAof the human y-actin gene
(plasmid PHFrA-1, provided by P. Gunning and L. Kedes, Stanford
University [45]). The blood and lung T cells from patients with sarcoid
and the blood T cells from normal patients were evaluated immedi-
ately after purification, with no added stimulation. As a control, T cells
were cultured in RPMI 1640 medium (Biofluids, Inc., Rockville, MD)
supplemented with 10% FCS (Biofluids, Inc.), 2 mMglutamine, 100
U/ml penicillin, and 100 Ag/ml streptomycin together with 5 ug/ml
PHA (Burroughs-Wellcome, Research Triangle Park, NC) plus 2
ng/ml PMA(phorbol myristate acetate; Sigma Chemical Co., St.
Louis, MO) for 6 h at 37'C. The relative amounts of IL 2R mRNA
present in total cellular RNAof T lymphocytes from each individual
were determined by densitometric comparisons of the autoradiograms
using laser densitometry (2202 Ultrascan; LKB Instruments, Gaith-
ersburg, MD). Results are presented in arbitrary units ranging from 0
to 100, calculated by a linear plot, with 0 representing background
densitometric signal and 100 representing the densitometric signal of a
standard pool of RNAobtained from PHA-/PMA-stimulated normal
peripheral blood T cells.

In the context of reports that blood monocytes can express surface
IL 2R under certain conditions (46, 47) (although significantly fewer
per cell than T cells), blood monocytes or lung macrophages contami-
nating the T cell preparations might contribute to the IL 2R mRNA
observed in sarcoid. To exclude this possibility, control experiments
evaluated blood monocytes (isolated by adherence for 1 h at 370C on

plastic dishes; > 95% pure by morphology and nonspecific esterase
staining) and alveolar macrophages (isolated by adherence for I h at
370C on plastic dishes, > 99% pure by morphology and nonspecific
esterase staining) from patients with active sarcoidosis for the presence
of IL 2R mRNAtranscripts.

Evaluation of the expression of IL 2R on T lymphocytes. The ex-
pression of surface IL 2R by blood T cells in sarcoid patients and
normals was evaluated by direct immunofluorescence using 2A3 MAb,
which is specific for the p55-chain protein (48). Ficoll-Hypaque puri-
fied blood mononuclear cells (5 X 106) were aliquoted into round-bot-
tom microtiter wells (96 wells/plate; Flow Laboratories, McLean, VA)
and incubated for 30 min at 40C with 50 MAl blocking medium (0.1
mg/ml human IgG [Sigma Chemical Co.], and 0.1 mg/mI deoxyribo-
nuclease [Sigma Chemical Co.] in PBS, pH 7.4 [Biofluids]). After being
centrifuged, the cells were incubated (for 30 min at 40C) with FITC-
conjugated anti-human IL 2R MAb2A3 (CD25; Becton, Dickinson &
Co.), or with a control FITC-conjugated IgGl monoclonal mouse my-
eloma protein (Becton, Dickinson & Co.) in 50 ,ul of staining medium
(1% BSA [Sigma Chemical Co.] and 0.2% sodium azide [Sigma Chemi-
cal Co.] in PBS). The cells were washed three times with staining
medium and fixed in 1% paraformaldehyde in PBS and stored in the
dark at 4°C until examined. The proportion of cells reacting with MAb
was evaluated by single-color immunofluorescence using the FACSIV
flow cytometer.

Evaluation of the capacity of blood lymphocytes to respond to IL 2.
To evaluate the functional significance of the surface IL 2R on the
sarcoid blood T cells, purified T cells from blood of patients with active
pulmonary sarcoidosis and normal patients were evaluated for their
ability to proliferate in vitro in the presence of exogenous IL 2. To
accomplish this, the purified T cells were cultured in round-bottom
microtiter wells at a concentration of 5 X 104 cells per well in RPMI
1640 medium supplemented with 10% FCS, 2 mMglutamine, 100
U/ml penicillin, and 100 ,ug/ml streptomycin with or without IL 2
(recombinant human IL 2, final concentration of 10 U/ml Cetus
Corp., Emeryville, CA). [3H]Thymidine (0.5 MCi/well, 110 Ci/mM sp
act; Amersham Corp., Arlington Heights, IL) was added at the initia-
tion of the culture. After 4, 12, 24, and 48 h at 37°C, the cells were
harvested and cytocentrifuge preparations were processed for autora-
diographic analysis (15). The slides were stained with Wright-Giemsa,
and a labeling index was determined as the percentage of labeled lym-
phocyte nuclei per total number of lymphocyte nuclei by counting
1,000 lymphocytes per slide, and the data were expressed as the per-
centage of lymphocytes incorporating [3H1thymidine in the presence
of IL 2 minus the percentage of lymphocytes incorporating [3H]-
thymidine in the absence of IL 2.

Results

Presence of IL 2R mRNAtranscripts in sarcoid blood T lym-
phocytes. Compared with normal blood T cells, T lymphocytes
recovered from the blood of individuals with sarcoidosis con-
tained mRNAtranscripts for the IL 2 receptor (Fig. 1).
Whereas fresh blood T cells from normal individuals did not
show any IL 2R mRNAtranscripts (lane 1), they did contain
-y-actin mRNAtranscripts (lane 6). When the same cells were
stimulated with PHA+ PMA, they expressed the major 3.5-
and 1.5-kb IL 2RmRNAtranscripts (lane 2). Strikingly, evalu-
ation of freshly isolated blood T cells from individuals with
active pulmonary sarcoidosis demonstrated the presence of
both major 3.5- and 1.5-kb transcripts (see lanes 3-5 for three
examples) similar to that observed in normal T cells that have
been stimulated in vitro. Whenthe same nitrocellulose filters
were rehybridized with y-actin probes, each lane contained
similar amounts of y-actin mRNAtranscripts (lanes 8-10), as
that of the normal control (lane 6) i.e., differences in total
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When the relative amounts of IL 2R mRNAtranscripts in
fresh blood T cells from the patients with active pulmonary
sarcoidosis were compared with those of normal individuals, it

2 3 4 was apparent that the differences observed were consistent
throughout the populations evaluated (Fig. 2). Whereas blood
T cells of normal individuals had no detectable IL 2R mRNA

obe transcripts, significant amounts of IL 2R mRNAtranscripts
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cytes in the blood of individuals with active pulmonary sar-
coidosis had recently been activated, resulting in a population

** of T cells with IL 2R mRNAtranscripts.
Consistent with the presence of IL 2R mRNAtranscripts

in blood T lymphocytes of patients with sarcoid, the same cells
expressed surface IL 2 receptors (Fig. 3). In comparison, < 1%
ofblood T cells of normal individuals expressed surface IL 2R.
As a group, patients with active pulmonary sarcoidosis had a
markedly higher percentage of IL 2R+ blood T lymphocytes
(sarcoid 4.7±0.9% vs. normal 0.9±0.2%, P < 0.002).

7 8 9 10 Like sarcoid blood T cells, evaluation of sarcoid lung T
lymphocytes demonstrated detectable surface IL 2R p55 pro-

pression of IL 2 receptor mRNAtranscripts tein on a significant number of T cells (5.7±2.4%). Consistent
)f patients with active pulmonary sarcoido- with the concept that significant numbers of sarcoid lung T
tive autoradiograms of Northern blot analy- cells have been recently activated to express IL 2R protein,
;tracted from blood T lymphocytes hybrid- Northern analysis of IL 2R mRNAtranscripts in sarcoid lung
IL 2R cDNA; (B) 32P-labeled #l-actin T cells demonstrated spontaneous expression of both the 3.5-
trmal blood T cells evaluated fresh without and 1.5-kb IL 2R transcripts (not shown). Evaluation of nor-
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normal lung T cells to determine if IL 2R mRNAis spontane-

mRNAdid not account for the absence of IL 2R transcripts in
the normal or presence of IL 2R mRNAin the sarcoid pa-
tients.

Two lines of evidence support the concept that the sarcoid
T cells, not contaminating B lymphocytes (49) or monocytes
contained the IL 2R transcripts. First, immunofluorescence
analysis demonstrated the T cell preparations were > 95%
pure and contained < 1%B lymphocytes (antibody B1, CD20;
Coulter Electronics, Hialeah, FL) and nonspecific esterase
staining revealed < 1% monocytes. Second, Northern analysis
of RNAfrom purified blood monocytes from the same indi-
viduals with active sarcoid revealed no IL 2R mRNAtran-
scripts (not shown).
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ously expressed in normal lung T cells. It thus is not possible to
state whether the IL 2R surface protein exhibited on the sur-
face of normal lung T cells is matched by similar exaggerated
levels of IL 2R mRNAin these cells, as it is in sarcoid lung T
cells.

Function of the IL 2R on sarcoid blood Tcells. To evaluate
the concept that the IL 2R expressed on the surface of sarcoid
blood T cells were functional (i.e., capable of transmitting the
T cell growth-stimulating signal of IL 2), IL 2 was added to
sarcoid and normal blood T cells in vitro and the subsequent
rate of T cell proliferation was quantified. Strikingly, the sar-
coid T cells proliferated at a higher rate at all time points
observed (Fig. 4; P< 0.001 sarcoid vs. normal at 4, 12, 24, and
48 h). These data are consistent with the concept that the IL
2R expressed on the sarcoid blood T cells are functional, con-
ferring upon these cells a proliferative advantage when placed
in a milieu with IL 2.

Discussion

Sarcoidosis is a naturally occurring human model of T cell
activation in which T cells at sites of disease proliferate at an
exaggerated rate and release IL 2 and other lymphokines (2, 3,
1 1, 13, 15-21). However, whereas T cells in involved organs
show all the features of ongoing activation (8-21), the T cells
in blood do not proliferate, express IL 2 mRNAtranscripts,
or release IL 2 or other lymphokines (3, 11, 13, 15-21). As
sarcoid commonly occurs simultaneously in several organs
and thus is apparently a systemic disorder, this apparent com-
partmentalization of T cell activation has led to the concept
that T cell activation in sarcoidosis is not a generalized feature
of T cells (or T cell subsets) throughout the body, but of a class
of T cells that accumulate at sites of disease and either remain
there or slowly traffic to the blood, but that the blood T cells
are quiescent.

In this study, we have evaluated the expression of IL 2
receptors in blood and lung T lymphocytes in patients with
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Figure 4. Comparison of the capacity of sarcoid and normal blood T
lymphocytes to proliferate in response to IL 2 in vitro. Blood T cells
from patients with active pulmonary sarcoidosis (o) and normals (A)
were cultured with [3Hfthymidine with or without 10 U/ml of re-
combinant human IL 2. At various time points, cytocentrifuge prep-
arations were analyzed by autoradiography to determine the propor-
tion of labeled T lymphocytes. Individual data points are presented
as the percentage of labeled T lymphocytes cultured with IL 2 minus
the percentage of labeled T lymphocytes cultured without IL 2.

active pulmonary sarcoidosis. The IL 2 receptor is a vital com-
ponent used in the process of T cell proliferation (50); for T
cells to respond to the growth signal IL 2, they must express
functional, so-called high affinity IL 2 receptors on their sur-
face (51). It is now recognized that the IL 2 receptor system,
originally thought to be composed of one protein (52), is com-
posed of 55- and 70-kD proteins (53). Whereas p55- and p70-
chains independently form low affinity surface receptors, the
functional high affinity IL 2 receptor that responds to IL 2 is
thought to be composed of one p55-chain and one p70-chain
(54). To evaluate the IL 2R in sarcoid, we have used a cDNA
probe (pIL2R2) specific for the IL 2R p55-chain and a MAb
(2A3) that is specific for the p55-chain protein (48), and have
ensured that the IL 2R expressed by sarcoid T cells were func-
tional by demonstrating that these cells respond to IL 2 by
proliferating at a rate greater than that of normal cells.

The finding that sarcoid lung T lymphocytes express IL 2R
p55 surface protein and mRNAtranscripts concurs with prior
evidence of local activation of these cells at a site of disease
(8-21, 55). However, the evidence in this study of recent IL 2
receptor gene activation in blood T cells in sarcoid patients
suggests that the concept that sarcoid blood T cells are quies-
cent should be modified. Three general possibilities explain
why sarcoid blood T cells contain IL 2 receptor mRNAtran-
scripts: (a) that the T cells have been activated in blood; (b)
that the T cells have been activated in affected organs and have
trafficked to blood before the disappearance of the IL 2R
mRNAtranscripts; or (c) that the IL 2R gene is permanently
activated in a subset of T cells throughout the body.

Consistent with the activation in blood hypothesis, protein
that is detected with anti-IL 2R antibodies 7G7/B6 has been
detected in the blood of individuals with sarcoid (56). How-
ever, although the likely source of this antigen is shed IL 2R
p55-chain (or p55-chain fragments), there is no evidence as to
the site of the T cells from which it was derived.

With respect to the current knowledge of this disorder, the
observations in this study are very consistent with the second
hypothesis, the local activation-recent trafficking to blood ex-
planation. In this regard, in vitro studies of T cell activation
have demonstrated that the IL 2 and IL 2R genes have very
different kinetics of expression. Whereas IL 2 mRNAappears
early, the mRNAis relatively short lived, so IL 2 mRNAtran-
scripts are markedly diminished 24 h later (30-33). In compar-
ison, the peak of IL 2R mRNAtranscripts, at least for the gene
coding for the 55-kD IL 2R p55-chain, is later, with levels
peaking at 24 h and mRNAtranscripts easily detectable at 48
h. In sarcoid, evaluation of IL 2 mRNAtranscripts in lung and
blood of patients with active pulmonary sarcoidosis has shown
that lung, but not blood, T cells contain these gene transcripts
(21). Furthermore, when sarcoid lung T cells are placed in
culture without stimulation, the IL 2 mRNAtranscripts di-
minished rapidly, similar to what occurs in vitro after T cell
activation (21, 30). In the context of in vitro studies of the
kinetics of IL 2 and IL 2R mRNAtranscripts after in vitro T
cell activation, these observations contradict the possibility
that T cells in sarcoid are activated in blood. They support the
concept that the T cells have been activated at the sites of
disease, but have recently trafficked to the blood. These results
concur with known trafficking patterns of lymphocytes acti-
vated in response to localized antigens or alloantigens, in
which many lymphocytes are initially activated and trapped at
the antigen site, but then leave the site of inflammation to
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recirculate throughout the body (24-26, 57, 58). These mi-
grating cells can selectively emigrate into tissues similar to
where the initial stimulation occurred (57, 59). In this context,
recent studies have identified a class of ubiquinated molecules
that allow blood-borne lymphocytes to recognize and bind
specialized organ-specific high endothelial venules, thus direct-
ing circulating lymphocytes to migrate selectively into differ-
ent organs and tissues (60-64). Some of the IL 2R+ lung T
cells in sarcoidosis may represent T cells originally activated in
the lung (or elsewhere) that circulate and migrate to the alveo-
lar spaces. However, the presence of both IL 2RmRNAand IL
2 mRNAin sarcoid lung T cells and the fact that no IL 2
mRNAis found in sarcoid blood lymphocytes, argue that at
least a proportion of the lung T cells have been activated lo-
cally in the lung tissue. Interestingly, normal lung T lympho-
cytes express IL 2R p55 surface protein, whereas normal blood
T lymphocytes express very little (10, 11, 52, 55, 65, 66). Con-
sistent with these reports, in this study the proportion of IL
2R+ lung lymphocytes approached the proportion of IL 2R+
sarcoid lung lymphocytes. Quantitatively, however, this find-
ing is consistent with the concept that the total number of IL
2R+ T cells in the sarcoid lung must greatly exceed that found
in the normal lung because of the increased number of total T
cells in the sarcoid lung (2-16, 20, 21, 36-38, 66). This differ-
ence between sarcoid and normal lung is even more striking
when comparing the total number of IL 2R+ T cells of the
CD4+T cell subset in the sarcoid versus normal lung (1 1, 66).
Furthermore, sarcoid lung T cells produce IL 2 and proliferate
at an exaggerated rate, whereas normal lung T cells do not.
The stimulus of T cells in the environment of the sarcoid lung
thus is both quantitatively and qualitatively different from that
found in the normal lung environment. Although these IL
2R+ lung T cells in normals might represent T cells, partially
activated in the local milieu, that do not traffic to the blood
under ordinary conditions, an inability to obtain sufficient
numbers of normal lung T cells for mRNAanalysis has made
this interpretation speculative. As evidence shows that IL 2R
surface protein is present longer than mRNAexpression (30,
50, 67), it is also possible these normal IL 2R+ lung T cells are
not activated locally, but represent recirculating T cells that
have been activated elsewhere and are trapped in the alveolar
spaces.

Whereas the evidence in this study directly supports the
local activation-recent trafficking to blood hypothesis over the
activated in blood hypothesis, the evidence also supports the
third hypothesis, that a subset of T cells throughout the body
have IL 2R genes that are chronically activated in a fashion
perhaps analogous to that observed in some T cell lines derived
from patients with human T cell lymphoblastic virus
(HTLV)- 1 type lymphoma (68). Furthermore, consistent with
this generalized IL 2R gene activation hypothesis, IL 2R
mRNAtranscripts have been detected in lung and blood T
cells in sarcoid patients (55). However, although the IL 2R
gene may be generally activated throughout the body, sarcoid
does not appear to be associated with HTLV- 1 infection (69).
Furthermore, when sarcoid blood T cells are placed in culture
over a 24-h period without stimulation, the number of IL 2R
mRNAtranscripts diminishes, suggesting activation of the IL
2R gene is not a constitutive property of sarcoid T cells (un-
published observation).

Independent of the mechanism that causes sarcoid blood T
cells to contain IL 2R mRNAand express surface IL 2 recep-

tors, the fact that these receptors are functional suggests that
circulating sarcoid T cells have a proliferative advantage com-
pared with normal T cells. In this regard, if these T cells were to
traffic to an IL 2-rich environment like that of the sarcoid
lung, they may further augment the already ongoing localized
exaggerated T cell proliferative process. Furthermore, since the
sarcoid blood T lymphocytes expressing the IL 2R are those of
the helper/inducer (CD4+) subclass (1 1, 66), this would likely
result in enhanced accumulation of CD4+ T cells at sites of
disease, a process that is known to occur in active sarcoidosis
(4, 7-9, 11-16, 21).
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