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Abstract

Sarcoidosis is a multisystem disease of unknown etiology char-
acterized by the presence of noncaseating granulomas in in-
volved tissues. To investigate a potential role for y/6 T cells in
the pathogenesis of pulmonary sarcoidosis, we studied lung and
blood T cells from patients for preferential expression of partic-
ular 'y/6 T cell receptors. An abnormally high percentage of
'y/6 cells was found in the blood of some patients. However, the
increased percentage did not reflect an increase in absolute num-
ber, and appeared to be secondary to a decrease in T cells ex-
pressing a/, receptors. Furthermore, as in normals, the circu-
lating 'y/6 cells in patients predominantly expressed V-y9 /V52
receptors, a subset that was not enriched at the site of disease.
In contrast, in the lung, an increased percentage of 7a/6 cells
expressing VS1 was found in a subset of patients. Importantly,
these cells demonstrated evidence of prior activation by selec-
tively expanding in vitro in the presence of interleukin 2. Fur-
thermore, an analysis of junctional region sequences revealed
their clonal nature. These clonal expansions of V1 + cells in
pulmonary sarcoidosis provide evidence for a disease process
that involves specific recognition of a local antigen by T cells,
and contributes new information regarding the nature of the as
yet undefined antigenic stimulus. (J. Clin. Invest. 1993.
91:292-300.) Key words: sarcoidosis * T cell repertoire * T cell
receptor * bronchoalveolar lavage * gamma/delta T cells

Introduction

Sarcoidosis is a systemic, nonmalignant disorder defined histo-
logically by the presence of noncaseating granulomas in in-
volved tissues ( 1). Especially in the lung, inflammation and
chronic damage related to T cell and macrophage infiltration
can lead to progressive organ dysfunction and chronic disabil-
ity ( 1-10). The etiology of sarcoidosis is unknown. It has been
postulated that the process is initiated by an exaggerated T cell
response directed to an as yet unknown exogenous stimulus.
The release of mediators from these activated T cells subse-
quently directs the accumulation of macrophages and granu-
loma formation ( 1-10 ). A response to a predominant antigen
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would likely lead to a situation in which T cells bearing a lim-
ited T cell receptor (TCR)' repertoire become activated and
expanded at sites of pathology in this disease. A description of
the predominant TCRvariable elements expressed might pro-
vide insight into the nature of the stimulating antigen as well as
an avenue for specific intervention.

Histopathologically, the granulomatous lesions of sarcoi-
dosis resemble tissue inflammatory responses to mycobacteria
( 1, 11 ). Interestingly, profound reactivity to mycobacterial an-
tigens is a striking feature of both murine and human T cells
bearing TCRcomposed of -y and 6 chains (12-18). In mice,
after regional exposure to mycobacterial antigens, y / S T cells
constitute a major subset of T cells at sites of antigen accumula-
tion ( 12, 14). Studies have also shown marked proliferation of
normal human peripheral blood y /6 T cells in response to
killed mycobacteria ( 16, 18). The y /6 T cells responsible for
this response reside within the subset expressing V-y9/V62 re-
ceptors ( 18 ). The second most frequent blood subset, express-
ing VA1 and a Vy other than Vy9, appears to be nonresponsive
to mycobacterial antigens. Interestingly, a recent study in pa-
tients with pulmonary sarcoidosis demonstrated an increased
percentage of peripheral blood 'v/6 T cells expressing Vy9 (19,
20). However, the involvement of these cells in the lung lesions
of the same patients was unclear.

In the present study, we investigated further the potential
involvement of yI/S T cells in the pathogenesis of pulmonary
sarcoidosis. Although we also found patients with an increased
percentage of peripheral blood Vy9/Vb2+ T cells, results indi-
cated that this abnormality did not reflect a primary disease-re-
lated expansion of this subset nor were cells with this pheno-
type enriched at the site of disease. More importantly, we iden-
tified a subset of patients who demonstrate clonal expansions
of activated VS1+ T cells in the lung. The data suggest that
these y /S T cells have been specifically activated by antigen as
part of the lung disease process.

Methods

Study population. The diagnosis of pulmonary sarcoidosis was estab-
lished in 18 individuals using previously defined criteria ( 1-4). All
patients underwent biopsy of either pulmonary parenchyma or me-
diastinal lymph nodes obtained during flexible fiberoptic bronchos-
copy or mediastinoscopy. 17 patients had chest radiograph evidence of
diffuse parenchymal involvement with or without hilar adenopathy,
and one patient demonstrated only hilar and paratracheal lymph node
enlargement. Bronchoalveolar lavage (BAL) and blood specimens
were obtained while the patients were undergoing their initial diagnos-
tic evaluation for sarcoidosis. The characteristics of the patients studied
are shown in Table I. None of the patients had received corticosteroids
or other immunosuppressive medications before study. As controls, 16

1. Abbreviations used in this paper: BAL, bronchoalveolar lavage;
PCR, polymerase chain reaction; TCR, T cell receptor.
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individuals with no history of lung disease, with normal exams, and
with normal chest radiographs were evaluated for the blood studies
(Table I). A separate group of 10 normal individuals similarly evalu-
ated for lung abnormalities served as controls for the lavage studies
(Table I). Informed consent was obtained from each patient and
healthy volunteer, and the protocol was approved by the Institutional
Review Board.

Isolation of mononuclear cells from blood and BAL. BAL was per-
formed as previously described (21 ). General characteristics of the cells
obtained are shown in Table I. Mononuclear cells were separated from
BALand peripheral blood by Ficoll-Hypaque density gradient centrifu-
gation. As previously reported (21 ), the yield of mononuclear cells was
greatly increased in bronchoalveolar lavage fluid from sarcoidosis pa-
tients (57±7.9 x 10' cells compared with control values of 24.8±2.9
X 106 cells per lavage). Patient samples also demonstrated an in-
creased proportion of lymphocytes (36.9±3.6% versus 17.8±3.4% for
normal nonsmoking controls).

Absolute numbers of T cell subsets. The absolute number of T cells
and T cell subsets were calculated in blood by using the total white
blood count and percentage of lymphocytes, determined by the Clini-
cal Laboratory, and the proportion of lymphocytes positive for either
CD3, CD4, CD8, or y/6 antigens. Results are expressed as cells/mm3
of blood.

Cell culture in rIL-2. Mononuclear cells derived from BAL were
washed and suspended in culture media (as described below but with-
out fetal calf serum) at 106 cells/ml. Adherent cells were depleted by
incubation on polystyrene culture plates (Nunc, Naperville, IL) for 15
min at 37°C. Nonadherent cells were removed, washed, and resus-
pended in RPMI 1640, 10% FCS, 2 mML-glutamine, 2 mMpyruvate,
10 mMHepes, 50 U/ml penicillin, and 50 ,ug/ml streptomycin (com-
plete culture medium) plus 25 U/cc rIL-2 (Ala-125) (Amgen Biologi-
cals, Thousand Oaks, CA). Additional IL-2 and fresh culture medium
were added to the cell cultures on days 5 to 7 as required. In vitro
cultures were maintained from 1 to 2 wk before harvesting for cyto-
fluorographic analysis or RNAextraction.

Monoclonal antibodies and cytofluorographic analysis. Lympho-
cytes obtained from both freshly prepared samples and after culture in
IL-2 were studied for cell surface receptor expression with a number of
different monoclonal antibodies and cytofluorographic analysis. Anti-
body TCR61, which recognizes the 6 protein on all y/6 T cells (22) was
a generous gift from M. Brenner, Dana Farber Cancer Institute, Bos-
ton, MA. TiyA, which recognizes the V^y9 epitope (23) was provided
by T. Hercend (Institut Gustave-Roussy, Villejuif, France), and BB3,
which is directed to the V62 epitope, was a gift from E. Ciccone (Isti-
tuto Nazionale per la Ricerca Sul Cancro, Genovo, Italy) (24). 3TCS-I
which recognizes VA1 predominantly associated with J6 1 and the non-
disulfide linked heterodimer of the y/6 T cell receptor (25) was pur-
chased from T Cell Sciences, Inc. (Cambridge, MA). Additional anti-
bodies used were directed to CD3 (anti-Leu-4), CD4 (anti-Leu-3a),
and CD8 (anti-Leu-2a) (all from Becton Dickinson, Mountain View,
CA). Second step reagents included streptavidin-phycoerythrin
(Fisher Scientific Co., Pittsburgh, PA) and a fluorescein-conjugated
goat anti-mouse Ig (Tago, Inc., Burlingame, CA). Control antibodies
included isotype-matched irrelevant phycoerythrin-conjugated and flu-
orescein-conjugated mouse myeloma antibodies (control-phycoer-
ythrin and control FITC, Becton Dickinson). All antibodies were di-
luted to appropriate concentration in PBS, 5% FCS, 0.02% sodium
azide, and I mg/ml human gammaglobulin (Sigma Chemical Co., St.
Louis, MO).

In parallel experiments equal numbers of cells were analyzed by
either single color or two color immunofluorescence as described (26).
For single color immunofluorescence, cells were stained directly with
FITC-conjugated TCR61 or 6TCS-I or incubated with unconjugated
Ti-yA or BB3 followed by staining with FITC-goat anti-mouse Ig. For
two color immunofluorescence, cells were incubated with biotinylated
TCR61 (20 min 37°C) followed by incubation with streptavidin-phy-
coerythrin and either FITC-anti-CD4 or FITC-anti-CD8. Lympho-

cytes from freshly prepared samples were distinguished by their charac-
teristic forward angle and 900 light-scatter pattern. When analyzing
lymphocytes obtained after culture in IL2, forward angle and 900 light-
scatter patterns were used to gate on the large blastic lymphocytes
which are easily distinguished from small resting lymphocytes (26). In
these samples, blasted cells were the predominant viable population.
Fluorescence intensity was analyzed with an Epics Profile Cytofluoro-
graph (Coulter Corp., Hialeah, FL).

Amplification of TCR yy/6 cDNA with the polymerase chain reac-
tion (PCR). Total cellular RNAwas extracted from the various mono-
nuclear cell preparations as described (27). cDNA synthesis was per-
formed as described using 2 Mgof RNAper 20 Ml reaction volume (28).
25 U of placental ribonuclease inhibitor (Amersham Corp., Arlington
Heights, IL), 200 U of Moloney virus reverse transcriptase (Bethesda
Research Laboratories, Gaithersburg, MD), and 50 ng of random hex-
amers (Pharmacia, Uppsala, Sweden) were included in each reaction.
After 1 h at 37°C the reaction mixture was heated at 95°C for 2 min
and 1 Ml was added directly per each 50 ,l of PCRreaction mixture.

PCRwas performed using a Perkin-Elmer-Cetus DNAThermal
Cycler and TAQpolymerase as described (Perkin-Elmer Cetus Instru-
ments, Norwalk, CT) (28). Both 5' and 3' oligonucleotide primers
were present at 0.3 MM. All primers were taken from published se-
quences (29-36). Sequences of the 5' Vb I and 5' V-y subgroup primers
were as follows: VA1: TACTCAAGCCCAGTCATCAGTATCC;
VyI: TACCTACACCAGGAGGGGAAG;VyII: GGCACTGT-
CAGAAAGGAATC;VyI11: TCGACGCAGCATGGGTAAGAC;
and VyIV: GATTGCTCAGGTGGGAAGACT.The four 5' Vy
primers are specific for the four subgroups of the human T cell receptor
gammachain (32-36). The sequence of the most 3' CA"outer primer"
was 5'-CCAAGCTTGACAGCATTGTACTTCC-3'and that for the 3'
Cy primers was 5'-CTGTCTTTATTGGAGGAAAGATAAT-3'. The
3' Cy primer hybridizes to both CylI and Cy2 (35, 36). Each PCR
cycle consisted of incubations at 94°C for 1 min, 55°C for I min, and
72°C for 1 min. Each Vy primer was used in an independent PCRin
conjunction with the Cy primer and analyzed in parallel with the inde-
pendently run VbI PCR product. The PCR cycle number for the
cDNAderived from the IL-2-stimulated lavage mononuclear cultures
was chosen to ensure logarithmic generation of the VA I PCRproduct.

V3 1 transcripts derived from the IL-2 stimulated BAL mononu-
clear cells were amplified using 40 cycles of PCRwith the 5' VA primer
and 3' CA outer primer. In the analysis of V6 1 transcripts from fresh
blood and lavage mononuclear cells, two sequential PCRamplifica-
tions were employed to increase the specificity of PCRproducts ampli-
fied, given the low percentage of VA1 cells in freshly isolated popula-
tions. The first PCR(24 cycles) used the 5' V6I primer and 3' CAouter
primer. 4 Ml of the 100 Ml PCR reaction was transferred to a second
lOO-Ml PCR reaction mixture containing the 5' V3 1 primer and an
internal CA primer (5'-TATATCCTTGGGGTAGAATTC-3') (31),
and amplification was continued for 30 cycles.

Cloning of PCRproducts and DNAsequencing. The VA 1 PCRprod-
ucts were ligated into the PCR1000 TA cloning Vector as specified by
the manufacturer (Invitrogen, San Diego, CA). The ligation product
was transformed into the INVaF'competent Escherichia coli cells (In-
vitrogen) and plaques containing appropriate inserts were isolated and
chosen randomly for sequencing. DNAsequencing was performed on
double stranded plasmid DNAby the dideoxy method using Sequenase
(United States Biochemical Corp., Cleveland, OH).

Results

Increased percentage ofperipheral blood -y/6 cells in sarcoido-
sis: evidence for lack of involvement in disease process. The
study population consisted of 18 newly diagnosed and un-
treated patients with pulmonary sarcoidosis. As shown in Ta-
ble I, these patients demonstrated a decrease in the percentage
of peripheral blood mononuclear cells expressing CD3 com-
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Table I. Characteristics of Patients Studied and Analysis of Cell Subsets in Blood and BAL

Characteristic Sarcoidosis patients Controls-blood Controls-BAL

n= 18 n= 16 n= 10

Age 35±2.1 33±0.9 27±1.8
Gender (M/F) 12/6 11/5 6/4
Smoking History (CS/FS/NS)* 5/1/12 4/0/12 0/0/10
Peripheral Blood Cells

Absolute Lymphocyte ct. (X 10-6/mm3) 1409±118t 2518±190
%CD3+ (Absolute No.) 59.9±2.4 (873±103)t 70.4±2.3 (1795±172)
%of CD3+ expressing CD4(Absolute No.) 58.6±3.1 (506±7l)t 60.2±2.4 (1082± 125)
%of CD3 expressing CD8 (Absolute No.) 34.9±1.9 (291±39)t 36.4±1.9 (655±63)

Bronchoalveolar Lavage Fluid (BAL) Cells
%Recovery 53±2.4 71±2.7
Total WBCyield (X 106) 56.9±7.9 24.8±2.9
%Lymphocytes 36.9±3.6 17.8±3.4
%Macrophages 59.7±3.6 80.6±3.5
%CD3+ 75.5±4.3 66.7±9.9§
%of CD3+ expressing CD4 74.9±4.5 44.0± 10.8§
%of CD3+ expressing CD8 23.5±4.9 47.0±9.7§

Data are expressed as the mean±SE. * The data are presented as the number of patients or controls who were chronic smokers (CS),
former smokers, stopping at least one year before evaluation, (FS), and never smokers (NS). t Absolute numbers for patients are significantly
different compared to controls, P < 0.001. § Only five of the ten controls were analyzed for these cell surface markers.

pared with age- and sex-matched normal controls (P < 0.001
by Student's t test). This was associated with a significant drop
in absolute lymphocyte count, resulting in an even more
marked decrease in absolute number of total T cells. On aver-
age, patients with sarcoidosis had less than half the number of
circulating CD3+ T cells compared with normal controls. The
decrease in CD3+ cells appeared to be mostly secondary to a
decrease in TCR a/fV cells, with proportional decreases in
both the CD4and CD8 subsets (Table I).

The percentage of freshly isolated peripheral blood cells ex-
pressing y/6 TCRwas initially analyzed using indirect immu-

CD3

nofluorescence and cytofluorographic analysis. Examples of
the staining patterns observed are shown in Fig. 1. In the exam-
ple shown, 10.1 %of the lymphocytes express a marker recog-
nized by monoclonal antibody TCRb1 which is present on all
'y/6 expressing cells (22). Using this antibody, percentages of
-y/6 cells were compared in patients and controls (Fig. 2 A),
and a modest increase in the mean value for patients was noted.
Four patients demonstrated percentages > 20% whereas the
highest control value was 15%. However, when absolute num-
bers of y / 6 cells were compared, no difference was observed
between patients and controls (Fig. 2 B). Thus, overall, the
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Figure 1. Cytofluorographic analysis of blood T cell subsets from a

patient with sarcoidosis. The second-step for each analysis was an

FITC-conjugated goat-anti-mouse Ig reagent, shown as a control in
the top left-hand histogram. 2 x I04 lymphocytes were generally an-

alyzed for each cell surface marker, and the percentage of positively
staining lymphocytes in each histogram is printed to the right of the
positive peak.

Figure 2. (A) Percentage of peripheral blood CD3+ T cells that ex-

press -y / 6 TCRin patients with sarcoidosis and normal individuals.
Data were calculated from separate analyses using mAbdirected to
CD3and TCR61 (see Fig. 1). (B) Absolute number of y/6 cells per
microliter in the peripheral blood of patients with sarcoidosis and
normals. The data were calculated from the total white blood cell
count, percent lymphocytes on the differential analysis, and the pro-
portion of lymphocytes staining positive with mAbTCR61. In the
patient population, the open triangles represent the four patients with
the highest percentages of -yb cells as shown in A. The lines represent
the mean levels for each group.
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results suggest that the increased percentage of blood /6 cells
is not primary but rather secondary to the TCRa/l3 cell lym-
phopenia.

Using monoclonal antibodies directed to particular y/6 V
gene-encoded products (i.e., Vy9, V62, and VA1), we also de-
termined whether there may be selective alterations in the ay/6
peripheral blood repertoire in sarcoidosis patients. As shown in
Figs. 1 and 3, in the majority of patients, including those with
the highest percentages of total y/6 cells, most y/6 cells express
V,y9 and V62. However, as demonstrated previously by others
(37), the largest subset of peripheral blood y/b cells in normal
adult individuals also bears Vy9/Vb2 and there was little evi-
dence for a disease-related expansion of this subset in our pa-
tient population (Fig. 3). It should be noted that the subset
expressing VA 1 was also similar in both patients and controls,
although in several patients, this subset was barely detectable in
peripheral blood (Figs. 1 and 3).

Skewing of VlJ + but not Vy9/V62+ cells in BAL vs. periph-
eral blood cells of individual patients. The percentage of y/6
cells as a component of the total T cell pool was also compared
in freshly isolated blood and BAL cells of individual patients
(Fig. 4 A). In most patients, only a small percentage of CD3+
cells in BAL expressed y/6 TCR, including those with an ele-
vated percentage of circulating y / 6 (i.e., Vy9 / V62 +) T cells.
Thus, y/6 cells in general appeared to be excluded from the
BAL T cell pool or to be diluted by the influx of CD4+and less
so by CD8+ T cells (see Table I). One clear exception to the
above pattern was noted for patient SWwho demonstrated 2
and 13% -y/6 cells in blood and BAL, respectively. An analysis
of -y/6 V gene expression (Fig. 4 B) further showed that most of
the y / 6 cells in this patient's lung expressed VA 1 whereas only a
small component of the blood -y/6 cells were VA1 +. Five other
patients with an evaluable percentage of total y/6 cells (> 3%
of total T cells) were also analyzed in terms of y / 3 subsets, and
subset percentages were compared in blood and BAL. Nearly
all of these patients showed an increase in the component of
-y / 6 cells expressing VA 1 receptors at the expense of the Vy9/
V62 subset (Fig. 4 B). It should also be emphasized that al-
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Figure 3. Percentage of blood y / 6 cells expressing different variable
genes as determined by immunofluorescense staining and cytofluoro-
graphic analysis. The monoclonal antibodies used are described in
the Methods, and examples of the staining patterns are shown in Fig.
1. The mean for each group is represented by a line.
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Figure 4. (A) Percentage of T cells expressing ay/6 TCRin blood and
BAL fluid of patients with sarcoidosis. The open triangles represent
data from patients with > 20% of blood T cells expressing y/6 TCR
(see Fig. 2 A). The open circle represents data from patient SW, who
was the only patient with a higher percentage in BAL compared with
blood. The lines represent the mean levels for each group, and the
asterisk indicates that the mean levels for blood and BAL are signifi-
cantly different, P < 0.01. (B) Percentage of blood and BAL ay/6
cells expressing particular variable genes. Data are presented for pa-
tients who had a percentage of y/6 cells in BAL allowing this analysis,
i.e., > 3%of BALT cells expressing Sy/3. Samples from two patients
were not evaluable for V gene expression. Solid lines connect data for
blood and BAL for the same individual. The open circle represents
data for patient SW, described in A. The monoclonal antibodies used
and staining patterns are described in Fig. 1.

though the percentage of lung y/6 cells is relatively low, the
yield of T lymphocytes from the BAL of these patients is much
greater than that obtainable from controls ( 16.5±5.6 x I0' T
cells per ml of lavage from these patients vs. 2.9±1.1 x IO' T
cells from controls in this study (n = 5) vs. 1.2±0.3 x 104 T
cells from controls in a previous study [21]).

Expansion of BAL V3J+ cells after culture in IL2. The
above evidence for enrichment of VA1 cells in the BAL lym-
phocyte population of some patients suggested that these cells
may be activated and could possibly be further expanded in the
presence of IL2. BAL mononuclear cells were therefore cul-
tured in the presence of IL2 for one to two weeks and the
percentage of y / 6 cells was determined. Surprisingly, in nearly
all samples, the majority of viable cells were blastic, as deter-
mined by forward and 900 light-scatter cytofluorographic pat-
terns, after this culture period (data not shown). Fig. 5 shows
that in three patients, including patient SWwith the highest
initial level of -y/6 cells, the percentage of y/6 cells clearly
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Figure 5. Expression of ay/ 6 TCRbefore (o) (day 0) and after (v)
culture in IL2. The data are presented as percentage of total T lym-
phocytes expressingy / 6 TCRas determined by immunofluorescent
staining with mAbTCR31 and cytofluorographic analysis (see Fig.
1). For unstimulated BAL cells analyzed before culture, scatter gates
were set on the lymphocyte peak as determined by forward angle and
900 light-scatter patterns. After culture in medium supplemented
with IL2, forward angle and 900 light-scatter patterns were used to
gate on the large blastic cells, which predominated and were easily
distinguished from small lymphocytes. In two samples not shown,
growth was minimal in vitro and sufficient blasts were not available
for analysis. Samples from three other patients were not cultured.

increased after culture. Despite a low initial level, cells from
patient DSwere almost entirely y / 6 + after culture in IL2. Fur-
thermore, the y / 6 cells that expanded in culture were almost
entirely V6 I' and V-y9 - (Fig. 6). A subset of proliferating
Vb I + cells in both patients expressed a low density of CD8.

T cells from BAL of normal individuals: low percentage of
y/6 cells and absence of expansion after culture in IL2. The
above results prompted us to determine whether the BAL lym-
phocyte population from normal individuals contains an ex-
panded or activated subset of y/6 cells. As shown in Table I,
the yield of total cells and especially lymphocytes is much
lower from normals compared to sarcoidosis patients. Of the
10 controls studied, five mononuclear cell samples were ana-
lyzed immediately after isolation for y/6 expression. Table II
shows that very few of the T cells in these normal samples
expressed y /6 receptors. The percentage of V61+ cells was also
at the limits of detection in each case.

Mononuclear cells from each control were depleted of ad-
herent cells and cultured in IL-2 in an identical fashion as de-
scribed above for patients' cells. Over a 1-2-wk culture period,
none of these normal samples demonstrated blasting that was
characteristic of nearly all of the sarcoidosis cultures. Cyto-
fluorographic patterns confirmed the absence of T cell blasts in
these cultures. Furthermore, as shown in Table II, the viable
lymphocytes remaining in these cultures did not contain an
increased percentage of oy / a cells or VA1 + cells.

Vz gene expression and junctional diversity of BAL VJJ+
cells. The selective enrichment of activated V31+ cells in the
BAL of certain sarcoidosis patients suggested that these cells
may be responding and proliferating in response to local anti-
gen. It was also possible that these cells were somehow being

Patient SW
Control

0.
CD I
(A)

o20
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CD3 Vy9

Patient DS
Control CD3 V,9

i75S 13,5_
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a3 3 8S

Mouse IgG-FITC CD8 log fluorescence Intensity

Figure 6. Percentage of cells expressing VA 1 and V-y9 after culture in media containing IL2. Data are presented for two patients who demon-
strated the highest percentages of y / 6 cells after culture. Monoclonal antibodies used are described in the Methods. Forward angle and 90 light-
scatter pattern were used to gate on the large blastic population which was easily distinguished from small lymphocytes and which constituted
the majority of viable cells in both experiments. For two color cytofluorographic analysis, 2 x I04 cells were analyzed. The percentage of positive
cells are indicated in each histogram. In both experiments, nearly all of the y / 6 cells expressed VA1 gene segments, whether or not these cells
were CD8+. In experiments not shown, < 1% of the ay /6 cells co-expressed CD4.
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Table II. Analysis of BAL Lymphocytes from Normal Individuals

Before culture After culture*

Mean±SE Range Mean±SE Range

n=5 n=5

Percentage of
lymphocytes
expressing:

CD3 66.7±9.9 (33-91) 75.7±6.8 (52-91)
aY/6 1.5±0.3 (0.3-2.1) 2.6±0.3 (1.8-3.3)
V6l <0.5 (<0.5-0.7) <0.5 (all <0.5)

* Cells were analyzed after 1-2 wk of culture. In contrast to sarcoido-
sis samples, a viable blast population containing T cells was not
apparent and therefore gates were set to include the resting lympho-
cyte population remaining.

nonspecifically recruited and activated in the lung. Wethere-
fore analyzed other variable elements of the TCRto determine
if there was evidence of oligoclonality and therefore antigen-
driven expansion. Vy gene expression was analyzed by PCR
only in the IL2 expanded BAL cells of patients SWand DS,
since VA1 cells occupied a major portion of these populations.
In each patient, the predominantly expressed V-y was a
member of group 1, which includes Vy2, Vy3, Vy4, Vy5, and
Vy8 (data not shown). In patient DS, Vy expression was con-

fined to subgroup 1; additionally, in patient SW, usage also
included subgroup III (Vy10) receptors (data not shown).
Consistent with data shown in Fig. 6, Vy9 receptor expression
was barely detectable. Thus, overall, we observed a limited ex-
pression of Vy genes in both of these populations of VA 1 + cells.

PCR-amplified VA gene segments were also cloned and
then analyzed for sequence diversity in the junctional region.
Sequences of the different clones analyzed, compared to germ-
line, are shown in Fig. 7. Analysis of the freshly isolated V3 1
population in patient SWshowed that 15 of 16 sequences were
identical. The one nucleotide difference in one clone may re-
flect a sequencing error. An additional 10 clones were se-
quenced from the IL2 expanded population and 9 of 10 were
identical. Not surprisingly, this sequence was identical to that
obtained from the V6 1 population prior to culture. cDNA
clones were analyzed from patient DS only after IL2 expan-
sion, and again 9 of the 10 sequences were identical. Impor-
tantly, the clonal populations in patients SWand DSexpressed
different junctional sequences. Peripheral blood lymphocytes
from patient SWwere also analyzed for similar V3 1 clones as
found in the lung. Of 14 V3 1 sequences identified, none were
identical to the expanded lung clone, although a set of four
sequences were identical to each other (data not shown). It
should be emphasized that this patient had barely detectable
levels of circulating V5 I' T cells (< 0.2% of total lympho-
cytes), and unlike the other samples studied, an extended num-
ber of PCR amplification cycles were required to obtain
enough DNAfor ligation and cloning.

# of Seuences # of
Analyzed Sequences

V61 N D61

CTTGGGGAACT..GAAATAGT...........CCTTCCTAC ............ACTGGGGGATACG.............ACACCGATAAACT (U61)

Patient SW

(BAL/Bef ore culture)

Patient SW
(BAL/ IL2-expended)

Patient DS
(BAL/IL2-expanded)

Control 1

PBL

16 15

10 9

11 10

10 1

CTTGGGGAACT*AATGA*GAA.........................................TOGGGGAT.....CCGAGG.......ACCGATAAACT
CTTGGGGAACT*AATGA*GAA...................................... TGGGGGAT......CCGAGGG.. CCGATAAACT

CTTGGGGAACT-AATGA-GAA........................................TGGGGGAT......CCGAGG......ACCGATAAACT

(J61)
of

(.161)UP.

CTTGGGG......................ACCGG.........CCTAC.............CTGGGGG........CTTTGGGC........TAAACT (.161)
CTTGGGGAA-.TTTTTT*..AATA......A.......CTT.........AAACGTGGG-CTGGGGGATAC.-TGGGACTCGG- .GACAGCACAAACT(J62)

CTTGGGGAAC .. CCTGG......CCTTCCTAC* .*. TACGCGT*-ACTGGGGGA A.....AAGTCCCCTTGT*ACACCGATAAACT (J61)
CTTGGG......... ............ACCGGA...... .TAC .... ACACT ....ACTGGGGG...GCTTTAGC... TCCTGGGACACCC(J63)
CTTGGGGAA-*GAGGG......TAG................ ....................CTGGGGG.......TTGTGGA*...ACACCGATAAACT (J61)
CTTGGGGAAC.................CCTGG.....CCTTCCTAC.......A....ACTGGGGGATA......GGTCA.........CGATAAACT

rT - TAAACT
CTTGGGGAA....................G........TTCCTAC.......T....ACTGGGGGATA.....GGTCA.........CGATAAACT
CTTGGGG..................CCATTTCCGGGG-CCTTCCTAC .... ATGTTTG...GGGGGAT...... GCT.......ACCGATAAACT
CTTGGGGAA-.TTTTTT...AATA................TC....TTAAAACGTGGG'CTGGGGGATAC--TGGGACTCG ...*GACAGCACAACTC
CTTGGGGAACT....................CTG...................... CTGGG..........AGAAC......ACCGATAAACT
CTTGGGGAACT.................CTGT............................TGGG..... .AGAAC... ACCAATAAACT

(J62)
(JS1)

..

Control 2

PBL
11

CTTGGGGA.....................CGGGG......CCTAC......TTAA......GGGGATA .... GAGTAGGTGG....... .CT
CTTGGGGAA................ATGGGGCAGTTAG.....................TGGGGGAT.. .TT...TAAACT
CTTGGGGAACT.....................T.. ACTGGGGG .. CTGGT.* ACACCGATAAACT

(J161)

CTTGGGGA...................................... .GATA ... ACTGGGGG..... CCGCCTGT... ACACCGATAAACT

Figure 7. Analysis of junctional sequences from BAL and peripheral blood VA1 cells. The number of cDNAclones sequenced and the number
with the same sequence are shown. Sequences shown include 3' region of VA1, N regions, the three diversity segments (Db), and the 5' region
of the Jb element (Jb) with the specific Jb element used listed to the right of each sequence. The VA 1 germline sequences and orientation were

taken from references 29-31.
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PCR-amplified VA1 cDNA from the blood of two normal
individuals was cloned and sequenced in a manner similar to
that used for patient lung samples. In one example, none of 10
sequences were identical whereas in the other, only 4 of 11
sequences were the same. The choice of this latter individual
may have influenced this result since this control individual
persistently expresses a high percentage ofy /6 and VS1+ T cells
in peripheral blood.

Discussion

Pulmonary sarcoidosis is characterized by a marked accumula-
tion of T cells in the lungs, and these cells appear to be critically
involved in the disease process (1-10). Results presented
herein indicate that the lung T cell repertoire is not a passive
reflection of T cells in the blood. Indeed, the blood findings
alone appeared to be misleading in terms of identifying disease-
related T cells. Thus, in concert with a prior report ( 19), we
also noted that some patients with sarcoidosis have an elevated
proportion of circulating T cells bearing y/6 TCR. The ele-
vated percentage, however, did not reflect a true increase in
number, but was apparently secondary to a proportional re-
duction in a/fl# (CD4+ and CD8+) cells. Even in one patient
in whom 40% of blood T cells expressed y/b receptors, the
absolute number of y /6 cells was within the normal range for
age-matched controls. These data are consistent with prior stud-
ies of peripheral blood cells in sarcoidosis showing an absolute
lymphopenia resulting from a reduction in CD4+T cells (3, 7,
38, 39). The blood y/6 cells in patients also did not appear to
be qualitatively different from those in normals. Most ex-
pressed Vy9/Vb2 receptors, and in contrast to a previous re-
port (20), we found that certain junctional regions of V-y9 were
not restricted in patients compared to normals, including the
patients with the highest percentage ofy /6 cells in blood (data
not shown). Therefore, circulating y/6 cells in patients lacked
evidence of selective expansion or oligoclonality.

In contrast, lung T cells obtained by BAL were distinctly
different from those found in the blood of the same patients
and controls. Wefound that the Vy9/V62 subset is selectively
excluded from the lung T cell pool or is diluted out by the large
influx of predominantly CD4+, a/f3' cells. Other investigators
have also failed to demonstrate an increase in the proportion of
total y/6 cells in the lungs and in other involved tissues of
patients with sarcoidosis ( 19, 40). More importantly, we noted
that in patients with detectable lung -y/6 cells, a higher propor-
tion expressed VS1 segments compared with blood cells. For
example, in the patient with the highest percentage of pulmo-
nary y/6 cells ( 12% of T cells), 90% were VSlI . By compari-
son, only 2%of blood T cells from the same patient expressed
,y / 6, of which the great majority were Vy9/V62 +. In all of the
control lavage samples studied, the percentage of VS 1 cells
was extremely low. Thus, the absolute yield of VA1 cells from
a subset of patients is at least 20-fold greater than average con-
trol yields.

To assess whether the lung y /6 cells in sarcoidosis patients
were selectively activated, BAL mononuclear cells were placed
into short-term culture with IL2. After culture, most of the
viable lymphocytes appeared blastic based on forward and
side-scatter cytofluorographic parameters, and in two of these
samples, > 25% of the T cells expressed y/b TCRs. Results
obtained for the one patient with an increase in VS1 + cells

before culture supports the validity of using IL2 to expand in
vivo activated cells, since the proportion of VS 1 + T cells in-
creased by over twofold in this sample. Of note, V-y9+/Vb2+
cells were not selectively expanded with IL2 in any of the BAL
cell cultures. Furthermore, a significant percentage of blasted
cells was not observed in any of the IL2 cultures with control
BAL cells, and residual cells in these cultures showed no in-
creases in the percentage of y/b cells. Consistent with prior
reports describing activated CD4+lymphocytes in pulmonary
sarcoidosis ( 1-4, 6-8, 10), 12 of 13 cultures with patients' cells
were dominated by CD4+ a/f cells. Usage of beta chain vari-
able regions (Vf3s) was markedly limited in a number of these
patients (Forrester, J. M., Y. Wang, J. Loveless, B. Malissen, T.
King, L. Newman, and B. L. Kotzin, manuscript in prepara-
tion), including a few with expansion of V#8+ cells as previ-
ously reported (41 ). Analysis of V,B repertoire before and after
culture with IL2 has provided additional validity for this ap-
proach.

Although VS 1 preferentially associates with V'y2 or V-y4 of
the VyI subgroup, the potential repertoire of this population is
extensive based on junctional variability (29-31, 42, 43). To
determine whether the VS 1 + cells from patients' lungs repre-
sented oligoclonal expansions, we sequenced random cDNA
clones encoding VS1 gene segments. In the one patient who
demonstrated an increased percentage of VS 1 + cells before cul-
ture, 15 of 16 sequences were identical. Thus, nearly 10%of the
entire lung T cell population obtained at lavage was composed
of one y/ 6 clone. Clearly, this suggests activation by a localized
(lung) antigen. Furthermore, this was the predominant yy/6
clone that appeared to be expanded by culturing with IL2, since
9 of 10 VS1 sequences from this cell preparation were identical
to each other and the same as that of the unmanipulated popu-
lation. None of the VS1 sequences from the blood of this pa-
tient matched the dominant lung clone. Strikingly, in another
patient, nearly all of the T cells that expanded in IL2 expressed
y/6 TCRs, and these cells were composed essentially of one
VS 1 clone. The dominant clones for the two patients studied
were distinct. Evidence for clonal T cell expansions in the lung
was not an artifact introduced during PCRamplification of
VA1 cDNA. Using peripheral blood VS 1 cells from a normal
individual as a source of cDNA, 10 different sequences were
found. A second individual demonstrated 7 of 11 distinct se-

quences. None of the sequences matched those found in the
patients.

The presence of activated VS 1-bearing clones in the lungs
of some patients raised the question of whether these cells
might arise from a resident lung y/6 population. Studies in
murine models have shown, for example, that the majority of
intraepithelial lymphocytes express yy/6 TCRs, and in addi-
tion, particular families of Vy and VS genes associate with epi-
thelial tissues such as skin (44), gut (45), reproductive tract
(46), and lung ( 14). In humans, -y / 6 cells are virtually absent
in epithelial tissues such as skin, but have been found to be
localized to gut epithelium (43, 47-49). Interestingly, these
human intestinal intraepithelial lymphocytes preferentially ex-

press VS 1 (43, 49). In contrast, we were only able to detect an

extremely small percentage of -y / 6 or VS 1 cells in the lavage of
normal individuals. TCRusage within this small population
was not determined. It should be pointed out that our conclu-
sions regarding antigen selection of 'y/6 TCRrepertoire would
be altered if the activated VS 1 cells were derived from a lung
population that expressed little to no TCRdiversity. Consider-
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ing the complexity of the junctional regions analyzed, we be-
lieve that this possibility is very unlikely.

Immune responses to certain human infectious agents,
such as mycobacteria and leishmania, are also characterized by
the formation of granulomatous lesions ( 1 1, 17, 50). It is inter-
esting that 'y/6 cells are prominent in the T cell response to
these organisms, especially early after infection. For example,
immunohistochemical staining of skin lesions associated with
acute delayed-type hypersensitivity reactions to either Myco-
bacterium leprae or leishmania demonstrated marked infiltra-
tion with y/6 cells, while more mature lesions did not (17).
Relevant to the current study, the vast majority of y / 6 cells in
the epidermis of M. leprae-induced skin lesions expressed Vb 1
gene segments (50). Furthermore, analysis of junctional se-
quences demonstrated oligoclonality suggesting local selection
by antigen. In contrast, it seems unlikely that the clonally ex-
panded Vb 1 cells in pulmonary sarcoidosis are related to the
high frequency response of peripheral blood ey/6 cells to myco-
bacterial antigens and certain heat-shock proteins (15, 16, 51 ).
This response appears to be dependent on the Vy9/V62 subset,
which was virtually absent from the sarcoid lungs. Further-
more, the remarkably clonal nature of the Vb 1 expansions pre-
cludes a local driving force that is relatively independent of
junctional diversity, such as that driven by bacterial or host
heat-shock proteins. It seems unlikely that the local antigen
could be a yy/b-specific superantigen.

It remains unclear why y/b T cell expansions were only
observed in a subset of patients. It should also be emphasized
that CD4+ T cells predominated in nearly all samples, both
before and after culture in IL2. At present, no functional attrib-
ute unique to the y/b subset (vs. a/13 subsets) has been de-
scribed (43). Especially in relation to studies of infectious dis-
eases discussed above, we wondered whether duration of dis-
ease might be a critical variable (43, 50). The patients in the
present study were newly diagnosed and unfortunately, in pul-
monary sarcoidosis, disease duration before clinical presenta-
tion is difficult to evaluate due to its often asymptomatic or
insidious onset. In the group of patients in this study, no associ-
ation between the duration of symptoms and presence of y/b
cells was apparent. Wealso found no association between ay/6
infiltration and the severity of pulmonary disease or presence
and extent of extra-pulmonary disease. The irregular associa-
tion of ya/6 cells with CD4+ T cell populations has also been
noted in lymphoid infiltrations that characterize other autoim-
mune diseases. For example, in rheumatoid arthritis, synovial
T cell clones have been noted to express both a/ 6 and a/,8 T
cell receptors (51-55). In a series of patients with polymyosi-
tis/dermatomyositis, infiltrating T cells in the muscles from
one patient predominantly expressed y/6 receptors whereas
a/f' (CD4+ and CD8+) cells predominated in the others
(56). Finally, recent studies suggest that an expanded popula-
tion of -y/6 (Vb 1 ) cells are present in the cerebrospinal fluid of
a subset of patients with early multiple sclerosis, but that the
dominant T cell population in nearly all patients expresses a/3
receptors and CD4 (Shimonkevitz, R. P., C. Colburn, J. Bur-
ham, R. Murray, and B. L. Kotzin, unpublished observations).

In summary, this report identifies a subgroup of patients
with pulmonary sarcoidosis who have clonal expansions of
lung Vb I + cells. These results support the hypothesis that the
inflammatory process is perpetuated by a selective, in situ ex-
pansion of antigen-specific T cells. The limited junctional di-
versity of Vb 1 '/V69 - cells in sarcoidosis is consistent with

conventional antigen recognition rather than a superantigenic
response (26). Further analysis of proposed ligands for lines
and clones derived from inflamed tissue may yield insight into
their function in sarcoidosis. In this regard, it is interesting that
70-90% of patients with sarcoidosis demonstrate a granuloma-
tous cutaneous reaction to Kveim reagent, a complex antigen
derived from the spleen of patients with sarcoidosis (57). Re-
gardless of specificity it should be emphasized that activated T
cell populations in pulmonary sarcoidosis are readily obtain-
able by bronchoalveolar lavage and perhaps short-term culture.
Once identified by receptor expression, these cells are poten-
tially amenable to specific therapy.
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