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Hypersensitivity pneumonitis (HP) and sarcoidosis are interstitial lung disorders (ItO) characterized
by a lymphocytic alveolitis that, in the active phase of the disease, is sustained by different T-cell sub­
sets, l.e., C08+ cells in HP and C04+ lymphocytes in sarcoid patients. To address the question of
whether a bias in T-cell selection occurs in the lung of patients with HP and sarcoidosis, we analyzed
the T-cell receptor ~ chain variable region (TCR-VI}) repertoire by flow cytometry and polymerase chain
reaction (peR) analyses in blood and lung lymphocytes of 14 HP and 2S sarcoid patients. To verify
whether these cells can be activated in vitro through the TCR, blood and lung lymphocytes were also
assessed for their responsiveness to different superantigenic stimuli represented by staphylococcal en­
terotoxins, including SEA, SEB, SEC1, SEC2, SED, and SEE. Flow cytometry and PCRanalyses demon­
strated an overexpression of cells bearing V1}2, V~3, VI}S, V1}6, and V~8 gene segments in the lung of
HP patients as compared with the peripheral blood. In sarcoid patients cells bearing V1}2, VI}S, and
VI}6 gene segments in the lung of HP patients as compared with the peripheral blood. In sarcoid pa­
tients cells bearing V~2, VI}S, and V~6 gene segments were overrepresented in the lung rather than
in the blood. Both in HP and sarcoid patients almost all T cells bearing the dominant V~ segment be­
longed to the T-cell subset that sustains the alveolitis, i.e., C08 in HP patients and C04 in sarcoid sub­
jects. Follow-up studies demonstrated that the recovery of the alveolitis was characterized by the dis­
appearance of cells bearing a limited T-cell repertoire. Interestingly, T-Iymphocyte response to different
superantigens demonstrated that the proliferation elicited by different staphylococcal toxins was more
pronounced in the lung than in the blood. Taken together, our findings indicate a compartmentaliza­
tion of cells bearing discrete VI} gene products in the pulmonary microenvironment and suggest that
the expansion of specific VI} region subsets occurring in the lung might result from triggering by a
specific antigen. In fact, the removal from exposure in HP patients or specific treatment in sarcoidosis
resulted in the decrease of the overrepresented cell population accounting for the lymphocytic alveoli­
tis. Trentln L, zambello R, Facco M,Tassinari C, Sancetta R, SIvIero M, Cendtl A, CIpriani A, Marcer
C, Malorl M, Pescl A, Agostini C, Semenzato C. Selection ofT lymphocytes bearing limited TCR­
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Lymphocytic alveolitis represents a common finding in several
interstitial lung disorders (ILD), particularly hypersensitivity
pneumonitis (HP) and sarcoidosis (1).Although an impairment
ofT-cell subsets has been observed in the lung of patients suffer­
ing from these disorders, mainly represented by CDS'" cells in
HP and CD4"lymphocytes in sarcoidosis, most lung T-cellsfrom
these patients showed an activated phenotypic and functional
pattern and the a/(3 T-cell receptor (2-4). Antigens accounting
for HP have been characterized, whereas the antigenic stimuli
leading to sarcoidosis are still unknown.

T lymphocytes recognize antigens through a receptor struc­
ture defined as the T-cell receptor (1CR), which is constructed
through rearrangement of variable (V), diversity (D), and join­
ing (1) gene segments. Recent data demonstrated a bias in the
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TABLE 1

PHENOTYPE OF LUNG AND BLOOD T CELLS
IN HP AND SARCOID PATIENTS*

Site Subjects Cells )( 10 3/ml

lung HP 345.7 ± 61.9t
Sarcoidosis 295.5 ± 31.7t
Controls 142.2 ± 12.3

Blood HP 4.26 ± 0.57
Sarcoidosis 4.56 ± 0.31
Controls 5.38 ± 0.31

lymphocytes
(%)

47.4 ± 6.6*
30.9± 2.5*

7.5 ± 1.3
20.1 ± 1.78
24.8 ± 1.95
29.7 ± 2.4

CD4
(%)

28.0± 4.8§
66.1 ± 2.4t
48.5 ± 1.7
50.1 ± 2.3
54.5 ± 2.5
52.4 ± 1.6

CD8
(%)

50.4 ± 4.7§
20.7 ± 1.9
22.5 ± 1.3
27.3 ± 2.6
22.4 ± 1.8
25.3 ± 2.4

* Data are mean ± SO.
t p < 0.05, HP or sarcoid patients versus normal subjects.
:j: p < 0.005, HP or sarcoid patients versus normal subjects.
§ p < 0.01, HP or sarcoid patients versus normal subjects.

TCR usage in different disease states, including multiple sclero­
sis, rheumatoid arthritis, primary biliary cirrhosis, and allograft
rejection (5-11). In the lung compartment a limited usage of the
TCR has been observed in patients with sarcoidosis (12-17). In
particular, cells bearing limited numbers of both Vu and VI} gene
segments accumulate within the alveolar structures of sarcoid
patients. An increased number of T lymphocytes bearing the Va2
gene segment was observed, while a consistent variability was
detected for the I} chain variable region expression (12-17). In
HP patients, no data are presently available on the Vj3 gene seg­
ment usage. In this disorder, Southern blot analysis of the mo­
lecular configuration of the T-cell receptor I}-gene of lung T cells
in HP patients has demonstrated the presence of dominant bands
and in some cases an oligoclonal pattern (4). These observations
suggested that a T-cell selection with discrete specificities might
occur in the lung compartment during exposure to causating an­
tigens.

The mechanisms accounting for the accumulation of lympho­
cytes with limited specificities in the lung of patients with inter­
stitiallung disorders may be represented by the in situ prolifera­
tion of Ag-specific T cells and/or redistribution from the blood
to the lung of cells with limited specificities. Alternatively, it can
be hypothesized that a superantigenic stimulus takes place in the
lung of these patients. Superantigens (sAg) are in fact molecules
which include endogeneous retroviral gene products and micro­
bial toxins. They can stimulate proliferation and conversely cause
anergy or deletion of T cells bearing a particular T-cell receptor
I} chain variable region (TCR-VI}) sequence (18, 19).

This study was undertaken to investigate the pattern of ac­
cumulation of cells accounting for lymphocytic alveoli tis in pa­
tients with interstitial lung disorders. We analyzed the TCR-Vj3
repertoire in blood and lung by flow cytometry and polymerase
chain reaction (PCR) analyses in 14 patients with HP and 25
patients with active sarcoidosis. In six patients the analysis of
Vj3 segments was performed before and after corticosteroid ther­
apy or removal from exposure in sarcoid and HP patients, respec­
tively. Because T cells bearing defined Vj3 regions may be trig­
gered to proliferate by specific superantigenic stimuli, blood and
lung lymphocytes were triggered by different staphylococcal en­
terotoxins (SE), including SEA, SEB, SECl, SEC2, SED, and
SEE.

METHODS

Study Population

Fourteen symptomatic, nonsmoking patients (8 men and 6 women; age
between 26 and 50 yr, mean 34 ± 16)with HP werestudied. All patients
had farmer's lung disease and the diagnosis was based on convention-

ally reported criteria (20, 21), notably: (1) history of exposure to HP
antigens; (2)a symptomatic acute episode with chills, fever, cough, breath­
lessness 4 to 8 h after exposure to specific antigens; (3) radiologic fea­
tures (mainly diffuse reticular pattern) and/or a functional pattern of
interstitial lung disease; and (4) evidence of antibodies against Faeni
rectivirgula in all cases. Precipitating antibodies against the etiologic
antigens were detected both in the bronchoalveolar lavage (BAL) and
in the serum of the patients under study. All patients were evaluated
at least 1 mo after the last acute episode.

Twenty-five patients with active sarcoidosis were analyzed (10 men
and 15 women; average age 36.8 ± 5.2 yr). In all cases the diagnosis
wasmade bybiopsy obtained either from the lungs or from lymph nodes,
and showed noncaseating epithelioid cell granulomas, with no evidence
of inorganic material known to cause granulomatous diseases. Accord­
ing to our staging system for sarcoidosis (2), each patient underwent
BAL analysis. All sarcoid patients weredefined as having an active dis­
ease, since they showed the following characteristics: (1) lymphocytic
alveolitis >30 x 103 lymphocytes/ml; (2) positivity to gallium-67 (67Ga)
scan; and (3) lung CD4/CD8 ratio more than 5.0 (22). Aside from the
BAL analysis, the assessment of disease activity included clinical fea­
tures, chest radiograph, lung function testing, high-resolution computed
tomography (HRCT) scan, and routine blood studies. Four patients were
defined as having an inactive disease since they had normal lung func­
tion tests and BAL cell numbers and the 67Ga scan was negative.

Five normal nonsmoking subjects (3 men and 2 women with an av­
erage age of 36 ± 4.7 yr; two nonsmoking healthy persons and three
subjects evaluated for complaints of cough without lung disease) were
used as controls. They had no clinical symptoms and normal physical
examination, chest radiographs, and pulmonary functions.

TABLE 2

COMPARISON OF Vp REGION VALUES OBTAINED BY
PCR AND FLOW CYTOMETRY ANALYSES

IN INDIVIDUAL PATIENTS

Patient
V~2+ Cells V~3+ Cells

No. PCR Flow Cytometry PCR Flow Cytometry

1 7.9 6.0 5.6 2.4
2 16.6 15.2 4.4 3.8
3 5.5 5.8 4.3 4.6
4 15.5 16.6 2.9 4.0
5 7.8 8.2 3.3 4.1
6 7.1 9.0 8.8 8.5
7 2.8 5.2 15.0 15.5
8 7.7 5.9 5.7 6.0
9 4.1 5.0 13.2 10.8

10 8.1 10.0 3.6 4.2

R2 0.768 0.845

P < 0.05 < 0.05
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Figure 7. Flow cytometry analysis of TCR-VP gene expression in peripheral blood (top panel) and lung
lymphocytes (bottom panel) obtained from patients with HP. The frequency of lymphocytes pos itive for
anti-Vp region mABS was determined on 10,000 cells bearing typical lymphocyte scatter. Shaded areas
represent the range of the mean for controls plus 2 SO for the Vp percentage in normal peripheral blood
and lung. The significances are obtained after comparison of cells expressing of defined Vp in the lung
and blood compartments . The increase of these cells was also statistically significant compared with nor­
mal blood.

Recovery and Handling of BAL and Peripheral Blood Cells

BAL was performed under local anaesthesia according to the procedure
previously described (23). Briefly, a total of 100to 150ml of sterile 0.9010
saline solution (warmed at 37° C) was injected in 25-ml aliquots via
fiberoptic bronchoscopy. Each aliquot was immediately aspirated and
filtered through layers of surgical gauze and the volume was measured.
Cells recovered from the BAL were washed with phosphate-buffered sa­
line (PBS) , resuspended in RPMI 1640 medium (GIBCO Laboratories,
Grand Island, NY) and counted in a hemocytometer. A differential count
of rnacrophages, lymphocytes, neutrophils, and eosinophils (made from
total counts of 300cells)wascarried out on cytocentrifuged smears stained
with Wright-Giernsa.

For functional tests, BAL cells from patients under study were ini­
tially centrifuged on a Ficoll /Hypaque density gradient, washed and
then resuspended in RPMI 1640 culture medium supplemented with
2 mM glutamine, 100Uzrnlpenicillin, 100mg/ml streptomycin, and 10010
of fetal calf serum (FCS) (Flow Laboratories, Irvine, CA) . T lympho­
cytes were successively enriched from the entire mononuclear cell sus­
pension by rosetting with neuraminidase (Sigma Chemical Co., St. Louis,
MO)-treated sheep red blood cells (SRBC) followed by repeated Fi­
coll/Hypaque gradient separations, as described elsewhere(4). More than
95010 of the cell population obtained with this procedure was represented
by lymphocytes, as determined by CD3 monoclonal antibody (mAb)
and flow cytometry analysis . The cells were greater than 95010 viable ,
as determined by the trypan blue exclusion test.

Peripheral blood mononuclear cells (PBMC) from patients under

study were obtained from freshly heparinized blood after centrifuga­
tion on Ficoll-Hypaque gradient and washing with PBS. The cells were
successively resuspended in RPM] 1640medium (GIBCO, Paisle, Scot­
land). For functional in vitro assays, peripheral blood lymphocytes (PBL)
were further enriched after resetting of PBMC with SRBC, as reported
previously (23). More than 98010 of PBL obtained with this procedure
were represented by T lymphocytes.

In six patients (3HP and 3 sarcoidosis) BAL and PBL wereobtained
at diagnosis and 12mo after removal from exposure in HP or at diagno­
sis and following 6 mo corticosteroid therapy in sarcoid patients.

Phenotype Evaluation

BAL lymphocytes and PBL from patients and normal subjects were
characterized by different mAbs, including those belonging to CD3, CD4,
and CDS. TCR Vp segment usage was analyzed with the following mAbs:
Vp5a,b,c, Vp6, VpS, VpI2 (T Cell Science, Cambridge, MA), Vp2, VP3,
Vpl3, Vpl7 , VplS (Immunotech, Marseille, France). Cells were studied
for the expression of cell surface antigens with direct two-color analysis
using fluorescein isothiocyanate (FITC)-conjugated and phycoerythrin­
conjugated mAbs using flow cytornetry analysis (FACScan; Becton Dick­
inson, Sunnyvale, CA) as previously described (4). Cells were analyzed
using a FACScan analyzer (Becton Dickinson) and data were precessed
using the Consort 30 program. Ten thousand cells bearing the typical
lymphocyte scatter were scored.
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figure 2. RT-PCR analysis of TCR-VI3 gene expression in peripheral blood and lung lymphocytes obtained from patients with HP. cDN~ was
obtained from 2 Jlg of total RNA in a final volume of 20 ul. One microliter of cDNA was amplified in the presence of one of the ~~ VI3 pnm.ers
specific for 20 TCR-VI3 families and a CI3 primer that was labeled with 32p. For quantitation, in each tube the .TCRn was amplified by usrnq
cold 5' Cn primer and 32P-3'Cn primer. The samples were electrophoresed on 2% TBE agarose gels, the amplified bands were cut from the
gels and the incorporated radioactivity was determined using a l3-scintillation counter. The lo~er recovery of BAL. T cells r~covered. from
the lung of healthy subjects prevents PCR analysis. The significances are obtained after comparison of cells expressing a defined VI3 In the
lung and blood districts.

Extraction, cDNA Synthesis, Amplification, and
Quantitation by PCR

Total cellular RNA was extracted from 5 to 10 X 106 purified BAL lym­
phocytes after lysis with 4 M guanidine isothiocyanate and by centrifu­
gation through a 5.7 M cesium chloride gradient, according to the method
previously described (23) and quantified by measuring absorbance at
260 nm. Due to the low number of lymphocytes recovered from normal
lungs (Table 1), not enough RNA was obtained in normal subjects for
PCR analysis since the T-cellenrichment technique performed on BAL
after performing flow cytometry and morphologic analyses did not al­
low for recovery of a discrete amount of cells for PCR studies. Com­
plementary DNA (cDNA) was synthesized from 2 ug of total RNA at
42° C for 1 h in the presence of Moloney murine leukemia virus reverse
transcriptase (2.5 units), using 2.5 JlM oligo-d(T) primer and reaction
conditions described by the manufacturer (Invitrogen Corp., San Diego,
CA). The reaction was stopped by heating the sample of 99° C for 5 min.

In order to quantify VI3 gene expression in HP and sarcoid patients,
the method described by Choi and coworkers was used (24). Briefly, PCR
was performed in l00-JlIreactions for 30 cycles with 30 s melting at 94° C,
60 s annealing at 55° C, and 90 s extension at 72° C in a Cetus/Perkin
Elmer thermal cycler using 1 JlI of cDNA and 2.5 U of Taq polymerase
(Perkin Elmer, Norwalk, CT) in the buffer recommend~ by the m~~ufac­

turer. The primers used were represented by 22 VI3 pruners specific for
20 TCR-VI3 families, as well as one CI3 primer for VI3 amplification and
3' and 5' Cu primers for use as standards for quantitation. For the PCR
reaction, a solution consisting of 1.3 mM MgS04 , 50 mM KCI, 10 mM
TRIS-HCI, 0.2 mM concentrations of each deoxynucleotide triphosphate,
0.4 mM concentration of 3'Cn and 3'Cb 32P-end labeled primers, about
106 cpm per tube, cDNA from 2 ug of total RNA, and 2.5 units of am­
pliTaq polymerase (Perkin-Elmer-Cetus) was added into ea~h of the 2.2
tubes containing 20 pmol of one of the VI3 primers. To avoid contarm­
nation, reagent controls were performed. Ten microliters of PCR prod-

ucts were electrophoresed on 2% tris borate edta (TBE) agarose gels.
The amplified Cu and VI3 bands werecut out from the gel and the amount
of 32pradioactivity incorporated was determined by liquid scintillation
counting. Under these conditions, the amount of radioactivity incorpo­
rated into the Cn and VI3 bands is proportional to the amount of input
RNA. To correct for differences due to pipetting errors and efficiency
of amplification in each well, the number of counts in each VI3 band
was normalized to the number of counts in the Cn band for each VI3
region and expressed as a percentage of the total counts incorporated
in all VI3 bands. The cyclenumber was chosen to ensure that the amount
of product synthesized was proportional to the amount of specifie mes­
senger RNA (mRNA) in the original preparation. This was performed
by using different concentrations of cDNA. To further validate quan­
titative PCR analysis of TCR-VI3 expression, in some patients in which
both flowcytometry analysis and PCR analysis wereperformed the values
obtained with the two different methods were compared. In particular,
the percentage of cells expressing a defined VI3 region as detected by
flow cytometry was compared with the percentage of cells positive for
the same VI3 obtained by reverse transcription-polymerase chain reac­
tion (RT-PCR). In Table 2, the percentage values of V132+ and V133+
T cellsobtained by flow cytometry analysis in 10patients showed a corre­
lation (R2 = 0.768 and 0.845, respectively) when compared with the
data obtained by PCR. Furthermore, these correlations were stronger
when the values were greater than 40/0. In some subjects the analysis
was performed 2 or 3 times for each VI3; the data obtained differed less
than 3% of the total VI3 gene expression. For this reason, a skewing of
the TCR repertoire in the lung in individual patients was considered sig­
nificant when the difference was greater than twice that of peripheral
blood or at least at a level higher than 10%.

Cell Proliferation Assay

BAL T cells and PBL from HP and sarcoid subjects were resuspended
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Figure 3. Flow cytometry analysis of TCR-V13 gene expression in peripheral blood (top panel) and lung
lymphocytes (bottom panel) obtained from patients with sarcoidosis. The frequency of lymphocytes posi­
tive for anti-VI3 region mAbs was determined on 10,000 cells bearing typical lymphocyte scatter. Shaded
areas represent the range of the mean for controls plus 2 SD for the VI3 percentage in normal peripheral
blood and lung. The significances are obtained after comparison of cells expressing a defined V13 in the
lung and blood compartments. The increase of these cells was also statistically significant compared with
normal blood.

at a concentration of 1 x 106/ ml in RPMI 1640 medium supplemented
with lOOlo FCS. Cultures were carried out in triplicate with each well
containing a total volume of 0.2 ml of culture medium and 1 x 10'
cells/well. Cells were incubated for 3 d at 37° C in a humidified at­
mosphere of SOlo CO. and 95% air. Different concentrations of staphy­
lococcal enterotoxins (0.01,OJ, 1 ng/ml) were used. The proliferation was
determined by pulsing plates with 1 ~Cilwell of JH-thymidine ('H-TdR;
DuPont De Nemours, Belgium) for the last 12 h of culture; cells were
then harvested and JH-TdR incorporation measured in all-scintillation
counter.

Statistical Analysis

Data are expressed as mean ± SO and comparisons between values were
made using the I test. A p value < 0.05 was considered as significant.

RESULTS

Relevant morphologic and flow cytometry analyses of cells ob­
tained from the lung and blood HP and sarcoid patients are
reported in Table 1. Both groups of patients showed a lympho­
cytic alveolitis characterized by CD8+ cells in HP patients and
by CD4+lymphocytes in sarcoid patients. The frequency of CD4+
and CD8+subpopulations in the peripheral blood of the patients
was more or less superimposable to that of control subjects (Ta­
ble 1).

Flow cytometry analysis of TCR-VI} gene usage by lung and
peripheral blood of patients with HP is reported in Figure 1. We
observed a trend in the overexpression of some VI} region prod­
ucts, particularly VI}2, V1}3) VI}5, VIl6, and VI}8, in the lung with
respect to the blood of the same subjects. Cells bearing the afore­
mentioned VI3 gene products were significantly increased in the
lung of patients with HP as compared with normal subjects (p <
0.05). VI}I8 + cells also seem to be increased in the lung of these
patients, but the difference was not significant when compared
with blood of patients and blood of normal subjects. PCR anal­
ysis confirmed the presence of an increased number of lympho­
cytes expressing V132, V133, VI}5, VI}6, and VI}8 segments in HP
(Figure 2) and extended the observation to other VI3 families,
which cannot be explored with monoclonal antibodies. In fact,
using PCR analysis we also observed an overexpansion of lym­
phocytes bearing VI313 segment in the lung with respect to the
blood (p < 0.05).

Figure 3 shows the data obtained from sarcoid patients. Flow
cytometry analysis demonstrated an increased expression of cells
expressing VI}2, V135, and V136 in the lung with respect to pe­
ripheral blood (p < 0.05). The difference between sarcoid pa­
tients and normal subjects was statistically significant at lung
level but not in the peripheral blood. Data from PCR analysis
in sarcoid patients (Figure 4) confirmed the flow cytometry results
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Figure 4. RT-PCR analysis of TCR-VP gene expression in peripheral blood and lung lymphocytes obtained from patients with sarcoidosis.
cDNA was obtained from 2 Ilg of total RNA in a final volume of 20 Ill. One microliter of cDNA was amplified in the presence of one of the
22 Vp primers specific for 20 TCR-VP families and a Cp primer that was labeled with 32p. For quantitation, in each tube the TCRnwas ampli­
fied by using cold 5' Cn primer and 32P_3'Ca primer. The samples were electrophoresed on 2% TBE agarose gels, the amplified bands were
cut from the gels, and the incorporated radioactivity was determined using a p-scintillation counter. The low recovery of BAlT cells recovered
from the lung of healthy subjects prevents PCR analysis. The significances are obtained after comparison of cells expressing a defined Vp
in the lung and blood districts.

and did not demonstrate the accumulation of cells expressing
additional VI3 regions.

To examine the pattern of distribution of different VJ3 speci­
ficities in individual patients, the data related to PCR analysis
in six representatives subjects (3 with HP and 3 with sarcoidosis)
are given in Figure 5. The panels show a different TCR reper­
toire usage by lung and blood lymphocytes of six individual pa­
tients. In particular, Patients A and D showed an increase in lung
T cells bearing the V132 region with respect to blood lympho­
cytes; Patients C and E showed an overexpression of VJB+ cells
in the lung as compared with the blood. On the contrary, in Pa­
tient B an overexpression of V132+ lymphocytes was observed
in the blood rather than in the lung compartment.

To investigate whether this skewing of the T-cell repertoire is
associated with the T-cell subset that usually sustains the alveo­
litis in the lung of these patients (CD8+lymphocytes in HP and
CD4+cells in sarcoidosis), double-staining analysis of lung T cells
with PE-CD8 or PE-CD4 and FITC-VP mAbs was performed
in patients with increased number of cells bearing a discrete VI3
region. Flow cytometry analysis in four representative patients
(2 HP and 2 sarcoidosis) characterized by an overexpression of
one VI3 segment is reported in Figure 6. It can be seen that lung
lymphocytes obtained from patients with HP and expressing a
particular Vp region belong to the CD8 subset, while lung lym­
phocytes from sarcoid patients expressing a prominent Vp coex­
press the CD4 antigen.

In six patients (3 sarcoid and 3 HP), phenotypic analysis of
the expression of variable regions of the TCR was performed
in two consecutive BAL and PBL samples, which were obtained

after the removal from exposure in HP and after corticosteroid
therapy in sarcoidosis (Figure 7). 1\vo patients, who displayed
an overexpanded cell population with a limited T-cell repertoire
at the first BAL determination (i,e., V135.1 in the sarcoid patient
and V132 in the HP patient), experienced a considerable decrease
in this cell subset following corticosteroid therapy in sarcoidosis
and removal from exposure in HP. This trend was associated with
the resolution of the lymphocytic alveolitis as well as the nor­
malization of the number of CD4 and CD8 subsets in the lung.
No differences were observed at blood level in terms of cells bear­
ing the same VI3 region segment at different times of evaluation.

To investigate whether lung T cells from HP and sarcoid pa­
tients proliferate in response to superantigens, cell proliferation
assays were performed in the presence of different staphylococ­
cal enterotoxins, including SEA, SED, SEC1, SEC2, SED, and
SEE. The data related to the proliferation assay in two represen­
tative patients (1 HP and 1 sarcoidosis) are reported in Figure
8. A different pattern of cell responsiveness between lung and
blood compartments was demonstrated in these patients. In the
majority of subjects studied, a discrete or high proliferative rate
was determined by several toxins on BAL lymphocytes. Further­
more, superantigenic stimuli elicited a different T-cell respon­
siveness in the lung with respect to the blood in individual pa­
tients. In particular, ranges of proliferation in cpm of lung
lymphocytes to increasing concentrations of toxins in the HP
patient were 27,531 to 44,382; 19,472 to 24,826; 4,982 to 13,497;
7,390 to 16,589; 4,934 to 11,846; and 14,396 to 46,321 for SEA,
SEB, SEC1, SEC2, SED, and SEE, respectively. Ranges of
proliferation in cpm of blood lymphocytes in this HP patient



Trentin, Zambello, Facco, et al.: TCR-V6 Gene Usage in Hypersensitivity Pneumonitis and Sarcoidosis 593

Hypersensitivity Pneumonitis Sarcoidosis

A o

I ! 1 ~ ~ I ' ! " .. .. ." II 11 I ' ll ' ! I ~ .\ I.. 11 .- ... ~ ,

V~ oene fomlly

B

, ~ 'I ' 1 to , • .. III II I! ''1" 1 U . , I.. 11 .a ... .!ll

Vpgene ''''''''
E

.
, ~ .. , .. ! .. ~ .. .. '" II 11 1\1 Ll! U .' ,.. I ~ .- ' -:0' 10

Viigene family

c

, , q ' : .. 1 .... ." II 11 III I ' ! U .\ I .. 11 . .. I " liI'

v p g ene family

f

V6 aene lam oly

I I .. \ 1 \ ! I. 7 II 0' 10 II l.! I H I.'! I " . .. II . 17 I II I'J '"

vpgene''''''''

Figure 5. RT-PCR analysis ofTCR-Vj3 gene expression in peripheral blood (shaded columns) and lung lym ­
phocytes (dark columns) obta ined from three individual patients with HPand three with sarcoidosis. cDNA
was obtained from 2 ~g of total RNA in a final volume of 20 ml. One microliter of cDNA was amplified
in the presence of one of the 22 VI3 primers specific for 20 TCR-Vj3 familiesand a Cj3 primer that was labeled
with 32p. For quantitation, in each tube the TCRn was amplified by using cold 5' Ca pr imer and 32p_3'Cu
primer. The samples were electrophoresed on 2% TBE agarose gels, the amplified bands were cut from
the gels and the incorporated radioactivity was determined using a j3-scintillation counter.

HP
15.2% 26.0"1.

HP sa rco idosis
58 9'l'.

sarcoidosis
72.2~ 10.47.

0.5%

10.6"1.

e-r---",- - - - - - --,
10

0.3"1.

0.9'l\

10.0%

N

s

M
<>

R6'Y.

02·;'

""0 --r--:::-:=r------:-::-1
91 %

e .£-:-::,...,.,-I---lI------1

e--r-~:::l------__,

e -il-~--I------___l

N
<>

M
<>

16.R%e+----f--=------!

e -r-__---,---------,

M
o

Figure 6. Flow cytometry analysis of CD8 and TCR-Vj3 gene segment coexpression in lung lymphocytes obtained from four different patients
(2 HP and 2 sarcoid). Lung lymphocytes were stained with FITCanti-VI} mAb and PE-CD8 mAb. The frequency of lymphocytes positive for
the above mAbs was determined on 10,000 cells bearing typical lymphocyte scatter. All T-cell subsets bearing a defined VI} gene region
belong to the CD8 subset.



594 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 155 1997

0+--"""""'------+--+0

0+---+-------1---+0

sarcoidosis

hypersensitivity pneumonitis

3 5.1 5.2+ 5.3 6.7 8 12.1 13 17 19
5.3

3 5.1 5.2+ 5.3 6.7 8 12.1 13 17 19
5.3

25

~
~20

Qi

~
.~ 15
Q.

~
... 10
0

C
Qi

5~
Qi
Q.

0

2

25

CIl

~
u 20
Qi

~8.. 15

~
'OW
C
Qi

~ 5Q,I
Q.

0

2

2

2

8

()

52
6 .....

()

~

4 ~
s

8

()

52
6 .....

()

~

4 ~
o

atter
therapy

atter removal
from exposu-e

before
therapy

durlng
exposu-e

Figure 7. Follow-up analysis of TCR-VI3 gene expression in lung lymphocytes obtained from one patient
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were 2,072 to 6,919; 1,481 to 3,127; 834 to 1,034; 607 to 1,575;
352 to 1,239; and 672 to 5,424 for SEA SED, SEC1, SEC2, SED,
and SEE, respectively. In the patient with sarcoidosis, ranges of
proliferation in cpm of lung lymphocytes were 22,134 to 23,136;
25,512 to 45,950; 17,515 to 40,513; 23,958 to 46,700; 20,153 to
28,590; and 436 to 4,131 for SEA, SED, SEC1, SEC2, SED, and
SEE, respectively. Ranges of proliferation in cpm of blood lym­
phocytes in this sarcoid patient were 16,151 to 17,174; 11,424to
17,150; 2,172to 11,440; 4,331 to 12,336;12,323 to 15,515; and 1,165
to 1,930for SEA, SED,SEC1, SEC2, SED, and SEE, respectively.
Because of the low number of BAL lymphocytes recovered in
normal subjects, lung T-cell proliferation assays were not per­
formed on this group. Furthermore, staphylococcal toxins elicited
similar proliferation rates in blood lymphocytes in both patients
and control subjects.

DISCUSSION

To investigate the pattern of T-cell accumulation in the lungs of
patients with HP and sarcoidosis, TCR-VJ3 gene usage has been
analyzed both on lung and blood lymphocytes. Wedemonstrated
a bias in the expression of some VJ3 region products in the lung
of these patients as compared with the blood and lung of nor­
mal subjects. Cells overexpressing a particular VJ3 segment be­
long to the lymphocyte subset which accounts for the alveolitis
in these patients, i.e., CD8+cells in HP and CD4+lymphocytes
in sarcoidosis. These cells decreased significantly in the lung of
patients after removal from exposure in HP or corticosteroid ther­
apy in sarcoidosis. Furthermore, lung lymphocytes recoveredfrom
the lung of these patients proliferate to different superantigens.

Several mechanisms may account for the alveolitis in the pul-

monary microenvironment of patients with HP and sarcoidosis.
Lymphocytes with limited specificities observed in lung struc­
tures may be the consequence of a migration process of a homo­
geneous cell subset from the blood to this site of involvement
and/or, alternatively, of the proliferation in the lung of a selected
cell subpopulation in response to foreign antigens. Whether this
latter process occurs as a consequence of the effect of the puta­
tive antigen on resident lung T cells or following a preliminary
recruitment of selected lymphocytes from the blood remains to
be clarified. However, a bias toward use of specific VJ3 regions
might be viewed as the consequence of the triggering of lung T
cells by a limited number of antigens, which can be found in
different environments (25).

When a redistribution of cells with limited specificities from
the blood to the lung is considered, a decrease in lymphocytes
with a limited TCR would be predicted in the blood of the same
subject. Our data, however, did not demonstrate any depletion
of lymphocyte subsets in the blood of these patients, nor in pa­
tients with a very high number of cells expressing a peculiar VJ3
in the lung, arguing against a T-cellredistribution from the blood
to the lung.

Selection and accumulation of T lymphocytes bearing a pre­
dominant VJ3 region family may be due to at least two types of
antigenic stimuli. One is represented by peptides, derived from
antigen processing, which form complexes with major histocom­
patibility complex (MHC) molecules. These complexes are recog­
nized by the Ag-specific TCR. The formation of Ag-MHC-TCR
complex triggers a cascade of events resulting in T-cell activa­
tion and proliferation. A second stimulus may be represented
by superantigens, molecules which include endogeneous retroviral
gene products and microbial toxins. They can stimulate prolifer­
ation and conversely cause anergy or depletion of T cells bear-
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favor the idea of an involvement of putative specific antigens
in the development of T-cell alveolitis in sarcoid patients.

Phenotypic data demonstrated that lung T cells bearing the
overrepresented VI3 gene segment belong to the CD8 subset in
HP and to the CD4 population in sarcoidosis thus providing an
additional proof that these cells playa key role in lung microen­
vironment. Our data also showed that discrete T-cellsubsets bear­
ing the same VI3 gene segments can be identified in these two
different disorders. In fact, the common use of some VI3 regions
(V132, V135, and V(36) both in HP and sarcoid patients indicates
that the same variable region may be used in response to differ­
ent antigens. Differences in the TCR-VI3 region usage detected
between normal and HP/sarcoid lung suggest that the preferen­
tial usage of defined V regions in patients with these interstitial
lung disorders is by no means related to homing mechanisms.

Functional data in terms of staphylococcal enterotoxin­
induced proliferation of lung lymphocytes indicated that a differ­
ent pattern of growth exists in the lung with respect to the blood.
In fact, lung lymphocytes from our patients proliferate in a more
pronounced manner than blood lymphocytes, thus confirming
a difference in the TCR usage between lung and blood T cells.
Furthermore, the different degree of responsiveness to each en­
terotoxin by lung lymphocytes belonging to the same patient
represents a further proof of the presence of cell subsets with
limited specificities. These suggestions are supported by the
demonstration that staphylococcal enterotoxins selectivelystimu­
late T cells bearing specific VI3 elements (19). On the other hand,
it cannot be excluded that the different behavior of response be­
tweenthese two districts may be related to characteristics of re­
sidual antigen presenting cells.

The clinical relevance of the expansion of a discrete cell sub­
set with a limited usage of the TCR in the lung of patients with
HP and sarcoidosis deserves a final comment. Follow-up analy­
sis performed after removal from exposure in HP and after corti­
costeroid therapy in sarcoidosis showsa close correlation between
the presence in the lung of discrete populations of lymphocytes
with a limited T-cell repertoire and the resolution of the alveolitis
with a normalization of T-cell subsets. This observation strength­
ened the role of putative causative antigens in determining and
maintaining the lymphocytic alveolitis in patients with HP and
sarcoidosis. In this regard, it can be hypothesized that relevant
antigens might exhibit an antigenic pressure that ultimately trig­
gers proliferation of T cells with a selected TCR. Sequencing
studies of the TCR ofT lymphocytes in lung and peripheral blood
of these patients, and the analysis of the effect of the involved
antigens on the regulation of in vitro selection of cellswith limited
T-cell repertoire could support this suggestion and further clar-
ify this issue. .
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ing a particular TCR-VI3 sequence. The first type of antigen in­
duces a lymphocyte accumulation characterized by a limited
number of specific T cells which would lead to a clonal prolifer­
ation. By contrast, superantigens commonly determine the ac­
cumulation of cells expressing the same V region but maintain
a polyclonal pattern of response. Data herein reported demon­
strated that T cells in HP lung are commonly characterized by
a bias in TCR usage. Coupled to the evidence that alveolitis may
sometimes end in the accumulation of oligoclonally expanded
T lymphocytes (4), our data suggest that the pattern of accumu­
lation we observed is better related to the expansion of cells with
a limited number of specificities and, of course, of restricted
TCRs. It can be hypothesized that the antigen itself, i.e., Faeni
rectivirgula in our patients, might be involved in determining this
T-cell selection. In this context, this suggestion might be vali­
dated by the analysis of TCR-13 region usage after stimulation
of lung lymphocytes by the putative specific antigen, i.e., F. rec­
tivirgula. The lack of purified antigen and/or of synthetic pep­
tides for the time being prevents this analysis. Nevertheless, the
majority of lung CD8 cells express cytotoxic related antigens,
including CD56 and CD57 molecules (4), and almost all BAL
lymphocytes belong to memory T-cell subsets (CD45RO) (data
not shown). These observations provide an additional piece of
information supporting the concept that cells under study have
just seen the antigen. Since our study was performed in ill pa­
tients exposed to F.rectivirgula, it will be also interesting to evalu­
ate the pattern of TCR-VI3 gene usage in the lung of asymptom­
atic but similarly exposed individuals who commonly have BAL
findings similar to those observed in symptomatic HP patients
(3). With regard to sarcoidosis, our results are consistent with
data reported in literature in terms of preferential usage of VI3
regions by lung T cells (4, 12, 14-17), i.e., the presence of oligo­
clonal VJ}-specific T cells in lung of sarcoid patients. These data
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Figure 8. Proliferation of lung (dark bars) and peripheral blood
(shaded bars) lymphocytes elicited by different concentrations (0.01,
0.1, and 1 ng/ml) of staphylococcal enterotoxins (SEA, SEB, SEC1,
SEC2, SED, SEE) in two patients (1 HPand 1 sarcoid). Data are reported
as stimulation index.



596 AMERICAN JOURNALOF RESPIRATORY AND CRITICAL CARE MEDICINE VOl155 1997

L. Steinman, and C. C. Bernard. 1990. Limited heterogeneity of rear­
ranged T-cell receptor V alpha transcripts in brains of multiple scle­
rosis patients. Nature 345:344-346.

6. Ben Nun, A., R. S. Liblau, L. Cohen, D. Lehmann, E. Tournio Las­
serve, A. Rosenzweig, J. W. Zhang, J. C. Raus, and M. A. Bach.
1991. Restriction of T cell receptor VI} usage by myelin basic protein.
Specific T-cell clones in multiple sclerosis: predominant genes vary
in individuals. Proc. Natl. Acad. Sci. U.S.A. 88:2466-2470.

7. Kotzin, B. L., S. Karuturi, Y. Chou, J. Lafferty, J. M. Forester, M.
Better, G. E. Nedwin, H. Offner, and A. A. Vandenbark. 1991.
Preferential T-cell receptor beta-chain variable gene use in myelin basic
protein-reactive T-cell clones from patients with multiple sclerosis.
Proc. Natl. A cad. Sci. U.S.A. 88:9161-9165.

8. Wucherpfening, K. W., K. Ota, N. Endo, J. G. Seidman, A. Rosen­
zweig, H. L. Weiner, and D. A. Hafler. 1990. Shared human T cell
receptor V beta usage to immunodominant regions of myelin basic
protein. Science 248:1016-1019.

9. Paliard, X., S. G. West, J. A. Lafferty, J. W. Clemens, J. Kappler,
P. Marrack, and B. L. Kotzin. 1991. Evidence for the effects of a
super antigen in rheumatoid arthritis. Science 253:325-328.

10. Moebius, U., M. Manns, G. Hess, G. Kober, K. H. Meyer zum Buschen­
felde, and S. C. Meuer. 1990. T cell receptor gene rearrangements
of T lymphocytes infiltrating the liver in chronic active hepatitis B
and primary biliary cirrhosis (PBC): oligoclonality of PBC-derived
T cell clones. Eur. J. Immunol. 29:889-894.

II. Davies, T. F., A. Martin, E. S. Conception, P. Graves, L. Cohen, and
A. Ben Nun. 1991. Evidence of limited variability of antigen recep­
tors on intrathyroidal T cells in autoimmune thyroid disease. N. Engl.
J. Med. 325:238-242.

12. Moller, D. R., K. Konishi, M. Kirby, B. Baldi, and R. G. Crystal. 1988.
Bias toward use of specific T cell receptor 13-chainvariable region in
a subgroup of individuals with sarcoidosis. J. Clin. Invest. 82: 1183­
1191.

13. Grunewald, J., C. H. Janson, A. Eklund, M. Ohm, O. Olerup, U. Pers­
son, and H. Wigzell. 1992. Restricted Va2.3 gene usage by CD4+ T
lymphocytes in bronchoalveolar lavage fluid from sarcoidosis patients
correlates with HLA-DR3. Eur. J. Immunol. 22:129-135.

14. Grunewald, J., O. Olerup, U. Perrson, M. B. Ohrm, H. Wigzell, and

A. Eklund. 1994. T-cell receptor variable region gene usage by CD4+
and CD8+ T cells in bronchoalveolar lavage fluid and peripheral blood
of sarcoidosis patients. Proc. Natl. Acad. Sci. U.S.A. 91:4965-4969.

15. Dohi, M., K. Yamamoto, K. Masuko, Y. Ikeda, G. Matsuraki, H.
Sugiyama, M. Suko, H. Okudaira, Y. Mizushima, K. Nishioka, and
K. Ito. 1994. Accumulation of multiple T cell clonotypes in lungs of
healthy individuals and patients with pulmonary sarcoidosis. J. Im­
munol. 152:1983-1988.

16. Forrester, J. M., Y. Wang, N. Ricalton, J. E. Fitzgerald, J. Loveless,
L. S. Newman, T. E. King, and B. L. Kotzin. 1994. TCR expression
of activated T cell clones in the lungs of patients with pulmonary sar­
coidosis. J. Immunol. 153:4291-4302.

17. Forman, J. D., J. T. Klein, R. F. Silver, M. C. Liu, B. M. Greenlee,
and D. R. Moller. 1994. Selective activation and accumulation of
oligoclonal VI}-specific T cells in active pulmonary sarcoidosis. J. Clin.
Invest. 94:1533-1542.

18. Marrack, P., and J. Kappler. 1990. The staphylococcal enterotoxins
and their relatives. Science 248:705-711.

19. Gascoigne, N. R. J. 1993. Interactions of the T cell receptor with bac­
terial superantigens. Semin. Immunol. 5:13-21.

20. Salvaggio, J. E., and M. K. Reynolds. 1979. Hypersensitivitypneumo­
nitis: state of the art. Chest 75:270-278.

21. Fink, J. 1984. Hypersensitivity pneumonitis. J. Allergy Clin. Immunol.
74:1-18.

22. Costabel, U., R. du Bois, A. Eklund, D. G. James, W. Jones-Williams,
H. Klech, S. Nagai, L. Newman, A. H. Niden, M. Rossman, C. Sal­
tini, G. Semenzato, and A. Teirstein. 1994. Consensus conference:
activity of sarcoidosis. Eur. Respir. J. 7:624-627.

23. Trentin, L., S. Garbisa, R. Zambello, C. Agostini, C. Caenazzo, C.
Di Francesco, A. Cipriani, E. Francavilla, and G. Semenzato. 1992.
Spontaneous production of IL-6 by alveolar macrophages of HIV-l
seropositive patients. J. Infect. Dis. 166:731-737.

24. Choi, Y. W., B. Kotzin, L. Herron, J. Callahan, P. Marrack, and J.
Kappler. 1989. Interaction of Staphylococcus aureus toxin superan­
tigens with human T cells. Proc. Natl. Acad. Sci. U.S.A. 86:8941-8947.

25. Silver, J., B. Gulwani-Akolkar, andP. N. Akolkar. 1995. The influence
of genetics, environment, and the disease state on the human T-cell
receptor repertoire. Ann. N. Y. Acad. Sci. 147:28-52.




