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Abstract

To evaluate the concept that biases in the usage of T cell
antigen receptor 8 variable (V) regions may be manifested in T
lymphocytes that accumulate in nonmalignant, T cell-mediated
human disorders, a V,8-specific antibody (anti-TI3A,
5REX9H5) was used to evaluate lung and blood T cells in
pulmonary sarcoidosis, a chronic granulomatous disorder of
unknown etiology. Whereas normal patients had < 5% TL3A+
lung (n = 7) and/or blood (n = 9) lymphocytes, strikingly, a
subgroup (8 of 21) with active pulmonary sarcoidosis had > 7%
TDA+ lung and/or blood T cells and a higher proportion of T3A+
lymphocytes in the lung compared with blood. Dual-color flow
cytometry demonstrated compartmentalization of TDA+ CD4+
lymphocytes to lung and Ti3A+ CD8M lymphocytes to blood.
Analysis with a 32P-labeled Vp,8 probe revealed that sarcoid
lung T lymphocytes contained higher amounts of V,08+ mRNA
than autologous blood T cells. However, Southern analysis of
sarcoid lung and blood T cell DNAdemonstrated no evidence
of clonal rearrangements of Vp,8 genes. These observations
demonstrate a clear bias toward the use of at least one VD
region in sarcoidosis, and suggests T cells accumulate second-
ary to external selective pressure, rather than in a random
polyclonal fashion or by clonal expansion of one or few T cell
clones.

Introduction

The specificity of the T lymphocyte for an antigen presented in
the context of class I and II MHCproteins resides with the T
cell receptor, a dimeric complex of a 50-kD a-chain and 43-kD
,-chain (1-4). The enormous diversity of T cell specificities is
created by rearrangement, during T cell ontogeny, of germline
variable (V)', diversity (D), junctional (J), and constant (C)
region DNAsegments of the genes coding for the T cell recep-
tor (5-7). Recent estimates suggest there are > 50 Va and 50 Ja
gene segments and at least 60 Via 2 Do, and 13 Ja segments (8,
9), a repertoire of genetic building blocks apparently sufficient
for the necessary T cell antigen specificities.
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1. Abbreviations used in this paper: C, constant region; D, diversity
region; FITC, fluorescein isothiocyanate; J, junctional region; V, vari-
able region.

Despite this potential broad diversity, studies in experi-
mental animals suggest there can be biases in the use of specific
germline genetic elements that make up the T cell antigen
receptor variable regions. In this context, significant prefer-
ences have been observed in the usage of specific V regions for
a (Va) and # (Vi) chains by T cells responsive to defined anti-
gen-MHC or allogenic determinants (10-14). It also has been
suggested that T cells with specific antigen receptor repertoires
may accumulate in association with normal and abnormal
developmental processes (15-19) or may be expanded or re-
stricted by T cell-T cell interactions and/or anti-T cell receptor
antibodies, in a fashion analogous to the network interactions
in B cell immune responses (20).

Identification of biases in the usage of specific T cell anti-
gen receptor gene elements is not only of interest in terms of
the general understanding of T cell-mediated immune re-
sponses. It also may help us to understand T cell-mediated
human diseases of unknown etiology by offering clues to the
nature of the stimulus or to regulatory processes that contrib-
ute to the overall pathogenic process. One such disease is sar-
coidosis, a common, nonmalignant, chronic disorder of un-
known etiology characterized at sites of disease by the en-
hanced accumulation of CD4' T cells, exaggerated T cell
proliferation, and the spontaneous expression of the IL 2 and
IL 2 receptor genes, and noncaseating granuloma (21-30). In
the context of these considerations, evaluation of the T cells
that accumulate at sites of disease in sarcoidosis for a possible
bias in the usage of genetic units that can code for the elements
of the T cell antigen receptor variable regions may provide
insights into the specificity and function of T cells in the dis-
ease process.

As an initial approach to this concept, we have evaluated
sarcoid lung and blood T cell populations for usage of the V'68
subfamily of To variable regions. Wefocused on V,08 after a
preliminary screen with a panel of T cell clonotype-specific
antibodies demonstrated a striking bias for T cells expressing
V,8 surface determinants in a subgroup of individuals with
this disease.

Methods

Study populations. Using previously defined criteria, including lung
biopsy, bronchoalveolar lavage, and gallium-67 lung scanning (21, 31)
the diagnosis of active pulmonary sarcoidosis was established in 21
individuals. None were receiving therapy at the time of study or within
the previous 2 mo. As is typical for such patients (21, 32), the average
proportion of lymphocytes in the lavage fluid was elevated (58±4% [all
data are presented as mean±SEM]), as was the ratio of CD4' (helper/
inducer) to CD8' (suppressor/cytotoxic) T cells (6.6±1.1), whereas the
CD4+/CD8' ratio for blood T lymphocytes averaged 1.3±0.2. For
comparison, nine normal individuals were evaluated who had no his-
tory of lung disease and who had normal physical examinations, chest
x rays, and lung function tests. As is typical for normal individuals (29,
32), bronchoalveolar lavage revealed lymphocytes representing 19±2%
of the recovered cells with a CD4+/CD8' ratio of 2.0±0.2, whereas the
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CD4'/CD8' ratio for blood T lymphocytes averaged 1.7±0.2. For
comparison purposes, six additional individuals with lung T cell dis-
orders were evaluated, the disorders including hypersensitivity pneu-
monitis (n = 3) and berylliosis (n = 3). These individuals had findings
typical for each disease, respectively, as previously described (33-35).

Source and purification of cells. Lung mononuclear cells obtained
by bronchoalveolar lavage (29) were enriched for T lymphocytes by
passage over nylon wool columns (36). Blood mononuclear cells, iso-
lated using Ficoll-Hypaque, were enriched for T lymphocytes in a
similar fashion. In all cases, the resulting lung lymphocyte preparations
were > 70%T lymphocytes and the blood lymphocytes were > 90%T
cells, as assessed by the pan-T MAb, anti-CD2 (see below). Blood
neutrophils were isolated from the cell pellets of the Ficoll-Hypaque
gradients using high-molecular weight dextran sedimentation. Control
T lymphocyte cell lines CCRF-CEM(American Type Culture Collec-
tion, Rockville, MD) and Jurkat (37) were grown in RPMI containing
10% FCS.

Monoclonal antibodies. The antibodies used to define T cells and T
cell subtypes included anti-CD2 (pan-T cell; unconjugated [Leu5;
Becton, Dickinson & Co., Oxnard, CA] or conjugated with biotin
[T11-biotin; Coulter Immunology, Coulter Electronics, Inc., Hialeah,
FL]); anti-CD3 (anti-T3; unconjugated [Leu4, Becton, Dickinson &
Co.]); anti-CD4 (helper/inducer T cell; unconjugated [Leu3, Becton,
Dickinson & Co.] or conjugated with biotin [Leu3-biotin; Becton,
Dickinson & Co.]); and anti-CD8 (suppressor/cytotoxic T cell; un-
conjugated [Leu2, Becton, Dickinson &Co.] or conjugated with biotin
[Leu2-biotin, Becton, Dickinson & Co.J). The antibodies used in the
preliminary screen (carried out as described for anti-Ti3A, see below)
for a possible bias in the use of specific T cell antigen receptors in
sarcoidosis included: 42-lCl, an anticlonotypic MAbdirected against
the HPB-ALL T cell tumor line (38) (kindly provided by A. Boylston,
St. Mary's Hospital Medical School, London, England); A2, S5, and
D6 anticlonotypic MAbdirected against the HPB-MLTT cell tumor
line (kindly provided by S. Ip, T-cell Sciences, Cambridge, MA) and
anti-TU3A [5REX9H5, an anticlonotypic antibody directed against the
REXT cell tumor line (kindly provided by E. Reinherz, Dana-Farber
Cancer Institute, Boston, MA). This antibody specifically binds to an
epitope on the human T cell antigen receptor P chain coded by V,f8
gene subfamily chains (39, 40). After a preliminary screen demon-
strated a striking bias in sarcoidosis toward the use of the V68 gene
subfamily as identified by anti-Ti3A, all subsequent studies focused on
this antibody.

The various antibodies were identified by immunofluorescence
using: fluorescein-conjugated goat anti-mouse Ig (FITC-anti-mouse
Ig; Becton, Dickinson & Co.) and avidin-conjugated Texas Red fluor-
ochrome (avidin-Texas Red; Cappel Laboratories, Malvern, PA).
Control antibodies included unconjugated, nonrelevant mouse my-
eloma antibodies (control-Ig; Cappel Laboratories), and nonrelevant
isotype matched mouse myeloma antibodies conjugated with biotin
(biotin-control-Ig; Litton Bionetics, Kensington, MD).

Immunofluorescence andflow cytometry. Single-color immunoflu-
orescence and two-color immunofluorescence multiparameter flow
cytometry was carried out using a dual laser fluorescence-activated cell
sorter system (FACS 440; Becton, Dickinson & Co.) with an argon
laser (488 nm) and a krypton laser (568 nm) as previously described
(29). For single-color, indirect immunofluorescence, lung and blood
lymphocytes were incubated (20 min at 4°C) with 10%normal human
ABsera (Biocell Laboratories, Carson, CA) plus 10%goat sera (Cappel
Laboratories), washed, and then incubated (30 min at 4°C) with anti-
CD2(Leu5), anti-CD3 (Leu4), anti-CD4 (Leu3), anti-CD8 (Leu2), or
anti-Ti3A followed by FITC-anti-mouse Ig as the second reagent. Iso-
type-matched, nonrelevant mouse myeloma antibodies stained with
FITC-anti-mouse Ig were used to assess nonspecific immunofluores-
cence.

For two-color, indirect immunofluorescence evaluation of anti-
Ti'3A cells, the cells were first incubated in 10% normal human sera
plus 10%goat sera (15 min at 40C) and then incubated (30 min at 40C)
with unconjugated anti-Ti3A or control-Ig followed by FITC-anti-

mouse Ig. The cells were then washed, incubated (25 min at 40C) with
50% mouse sera (Cappel Laboratories), washed, and further incubated
(30 min at 40C) with one of the following biotin-conjugated antibod-
ies: biotin-anti-CD2 (T,1-biotin), biotin-anti-CD4 (Leu3-biotin), bio-
tin-anti-CD8 (Leu2-biotin), or biotin-labeled, isotype-matched,
nonrelevant mouse myeloma antibodies (biotin-control-Ig). The cells
were then stained with avidin-Texas Red (30 min at 4VC). To assess
possible nonspecific immunofluorescence resulting from an interac-
tion between the biotinylated MAb and FITC-anti-mouse Ig, addi-
tional controls included cells incubated with control-Ig stained by
FITC-anti-mouse Ig, further incubated with either biotin-anti-CD2,
biotin-anti-CD4, or biotin-anti-CD8 and subsequently stained with
avidin-Texas Red. All cells stained for two-color immunofluorescence
had parallel evaluations of cells stained for anti-CD2, anti-CD4,
anti-CD8, and anti-Ti3A using FITC anti-mouse Ig, analyzed by single
color immunofluorescence, as well as biotin-conjugated anti-CD2,
anti-CD4, and anti-CD8 stained with avidin-Texas Red, analyzed by
single-color immunofluorescence.

The proportion of Ti3A+ lymphocytes analyzed by single-color im-
munofluorescence was determined by using forward-angle and 900
light scatter to gate on the lymphocytes. The proportion of T13A+ lym-
phocytes was then calculated by subtracting the control sample value
from the values using anti-TB3A; in all cases, the control samples incu-
bated with isotype-matched Ig and stained with FITC-anti-mouse Ig
labeled < 1% of lung and blood cells. Alternatively, to account for
small variations in the amounts of lymphocytes in the different sam-
ples detected within the lymphocyte gates, the percentage of TUA+
lymphocytes was also estimated by dividing the percent Ti3A+ values by
the fraction of total CD2+ T cells in the lymphocyte gate.

The proportion of Ti3A+ CD2+ lymphocytes analyzed by two-color
immunofluorescence was determined by first gating on lymphocytes
using forward-angle and 900 light scatter, and evaluating the contour
plots by quadrant analysis to identify unstained cells, single-stained
cells, and double-stained cells as compared with control samples. The
proportion of Ti3A+ CD2+ lymphocytes was directly determined by
gating on the CD2+ lymphocyte population and determining the per-
cent Ti3A+ lymphocytes within the CD2+ lymphocyte gate. Similarly,
the proportion of Ti3A+ CD4+ and Ti3A+ CD8+ lymphocytes was ana-
lyzed using two-color immunofluorescence by first gating on lympho-
cytes using forward-angle and 900 light scatter, evaluating the contour
plots by quadrant analysis based on control samples, further gating on
either the CD4+ or CD8+ lymphocyte population, and determining the
percent Ti3A+ lymphocytes within the CD4+ or CD8+ lymphocyte
gates. The controls included samples incubated with control-Ig,
stained with FITC-anti-mouse Ig and then incubated with biotin-con-
trol-Ig, and stained with avidin-Texas Red. In all cases, the controls
labeled < 1% of lung and blood cells in the lymphocyte gate chosen.

Northern and Southern blot analysis. Northern analysis was used to
evaluate lung and blood T lymphocyte RNAfor the presence of V,68-
containing T cell fl-chain mRNAtranscripts. Using guanidine isothio-
cyanate (41), total cellular lymphocyte RNAwas extracted from cells,
size fractionated (10 Ag/lane) on 1% agarose gels under denaturing
conditions, transferred to nitrocellulose filters, and hybridized to a
32P-labeled VOREXgene probe. (VREX, a 450-bp Eco RI/Hind III
cDNA fragment isolated from pVREX (provided by E. Reinherz)
specifically hybridizes to V,8 subfamily genes [40].) A 32P-labeled
cDNA fl-chain gene C region probe CREX(800-bp Eco RI/Bgl II
fragmient isolated from pC#REX [42] provided by E. Reinherz) served
as a control for possible variations in T cell antigen receptor fl-gene
expression among the different preparations. The relative amounts of
hybridization with VpREXand C,REX were determined by compar-
ing densitometric analysis of the resulting autoradiograms.

Southern analysis was used to evaluate lung and blood T lympho-
cyte DNAand neutrophil DNAfor the presence of possible clonal
rearrangements or deletions of germline V,8 subfamily genes. DNA
was recovered by standard techniques, digested (6 tg) with the restrio-
tion enzymes BamHI or Eco RI in appropriate buffers, analyzed by
fractioning by size on 0.8% agarose gels, transferred to nitrocellulose

1184 D. R. Moller, K Konishi, M. Kirby, B. Balbi, and R. G. Crystal



filters (43), and hybridized to a 32P-labeled VOREXprobe (specific
activity 2-4 X 10O dpm/ug DNA). To insure that there would be
hybridization to all known members of the V,8 gene subfamily, the
Southern analyses were carried out using final washes with I X SSC
(0.15 MNaCl/0.015 Msodium citrate) plus 0.1% SDS at 650C. To
evaluate the lower limit of detection of unique V#8 gene rearrange-
ments, mixing experiments were performed to dilute germline DNA
from blood neutrophils with DNAfrom the Jurkat T cell tumor line, a
clone with a known rearrangement of a V68. 1 allele (7, 44). Southern
analysis was carried out for DNAmixtures in which the Jurkat DNA
represented 50, 30, 20, 10, 8, 5, 3, 2, and 1%, respectively, of the total
DNAcontent, using the conditions described above.

HLA typing. The MHCbackground of the patients with sarcoidosis
was evaluated by determining the HLA-A, B, C, DR, and DQtypes
using the standard microcytotoxicity assay (45). The antisera used
were capable of detecting all currently defined World Health Organiza-
tion HLA and provisional workshop specificities at the HLA-A, B, C,
and DRand DQloci.

Results

Expression of T,3A surface determinants by normal and sarcoid
lung and blood T Iymphocytes. Evaluation of lung and blood T
lymphocytes from individuals with sarcoidosis with the MAb
anti-TB3A demonstrated a remarkable preferential use of the
V,8 variable region-encoded gene elements. In this regard,
whereas only a small proportion of both normal blood and
lung lymphocytes were Ti3A+, a strikingly increased proportion
of both sarcoid blood and lung lymphocytes stained positive
with this antibody (Fig. 1). Two-color indirect immunofluores-
cence using anti-Ti3A and anti-CD2 confirmed that the anti-
Ti3A positive cells in the lymphocyte gate were indeed T lym-
phocytes (Fig. 2). In this regard, the percentage of Ti3A+ CD2+
blood and lung lymphocytes correlated closely with the per-
cent Ti3A+ lymphocytes in blood and lung samples as identified
by single-color immunofluorescence. Whereas the control
FITC labeled antibodies and avidin-Texas Red antibodies did
not identify cells in the anti-Ti3A+ CD2' quadrant for normal
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Figure 1. Expression of the TB3A-surface antigen on blood and lung T
lymphocytes of normal individuals and individuals with active sar-
coidosis. Blood and lung lymphocytes were evaluated with anti-Ti3A
and FITC-conjugated goat anti-mouse Ig using flow cytometry
i). A nonrelevant mouse Ig with the same isotype as the anti-
Ti3A plus FHTC-conjugated goat anti-mouse Ig served as a control
(- -). Shown is the analysis based on a lymphocyte gate determined
by forward angle and 900 light scatter. Ordinate, relative cell num-
ber. Abscissa, log fluorescence intensity at 488 nm. (A) Blood lym-
phocytes of a normal individual. (B) Lung lymphocytes of the same
individual in A. (C) Blood lymphocytes of an individual with active
pulmonary sarcoidosis. (D) Lung lymphocytes of the individual in C.

or sarcoid blood and lung cells (Fig. 2, A, C, E, and G), and the
normal blood (B) and normal lung (D) rarely contained anti-
Ti3A+ CD2' cells, both sarcoid blood (F) and sarcoid lung (H)
clearly contained cells stained with both antibodies.

Analysis of the group of normal individuals revealed that,
as described by Acuto et al. (40), an average of 2±1%of normal
blood lymphocytes were Ti3A+ (Fig. 3). Evaluation of normal
lung lymphocytes demonstrated that, similar to blood, a small
proportion (2±1, P> 0.05 compared with blood, two-tailed t
test) were Ti3A+. In marked contrast, a significant proportion of
the group of individuals with sarcoidosis showed a bias in the
use of the V#8-encoded Ti3A surface determinant among both
blood and/or lung lymphocytes. As a group, individuals with
sarcoidosis demonstrated a striking non-Gaussian distribution
of the fiequency of Ti3A+ T lymphocytes in lung and blood T
lymphocyte populations. In this regard, using 7% (i.e., 3 SD
above the mean) as the highest level for the normal range of
blood and lung lymphocytes, 4 of 21 (19%) sarcoid individuals
had more Ti3A+ blood lymphocytes than this level. Even more
striking, 8 of 21 sarcoid individuals had > 7%Ti3A+ lung lym-
phocytes, i.e., 38% had a value > 3 SD above the average
percent Ti3A+ normal lung or blood lymphocytes. Similar re-
sults were found in the comparison of Ti3A+ lymphocytes of
normal and sarcoid individuals when the percent Ti3A+ lym-
phocytes in blood and lung T cell populations were quantified
by dividing the percent of Ti3A+ lymphocytes by the fraction of
CD2+ lymphocytes in the lymphocyte gate (as determined by
forward-angle plus 900 light scattering).

Although it is possible that the bias for Ti3A+ lymphocytes is
not sarcoid disease specific, limited data from a group of indi-
viduals with hypersensitivity pneumonitis (n = 3) or berylliosis
(n = 3), two lung diseases characterized by T cell inflammation
and granuloma formation (33-35), demonstrated no evidence
for preferential accumulation of Ti3A+ lymphocytes. For this
group, the percent Ti3A+ lymphocytes in lung averaged 2.9±1%
(range 1.4 to 4.3%) and in blood 2.6±1% (range 1.8 to 2.7%),
not significantly different from normal lung and blood T cell
populations (P > 0.05, all comparisons).

Whereas there were more individuals with sarcoidosis with
> 7%Ti3A+ lung lymphocytes than those with > 7%Ti3A+ blood
lymphocytes, 4 of 21 of the sarcoid group had'> 7% Ti3A+
lymphocytes in both blood and lung. For these individuals, the
frequency of Ti3A+ lymphocytes was as high or higher in the
lung than their autologous blood T cell populations. Consis-
tent with these results, when all 21 individuals with sarcoidosis
were analyzed, the proportion of Ti3A+ lymphocytes was in
general higher in the lung than in the autologous blood T cell
population (P < 0.05, Wilcoxon signed rank test), suggesting
compartmentalization of Ti3A+ cells to the lung, a major site of
disease in sarcoidosis.

Because it is possible the Ti3A+ T cells observed in sarcoid
may represent antigen-specific T cells, the knowledge that the
T cell antigen receptor binds to antigen in the context of MHC
proteins suggests the possibility that the selection for V,8 sur-
face epitopes may be due to common MHCproteins in this
subgroup. To evaluate this concept, HLA typing was carried
out on 15 of 21 individuals in the sarcoid group, including six
of the eight individuals characterized by high levels of Ti3A+
lymphocytes in their lung or blood (i.e., > 7% Ti3A+ lung or
blood T lymphocytes). Except that four of six individuals in
the high Ti3A+ subgroup were Cw3 positive (versus 0/9 in the
remaining sarcoid group), no dominant HLA type A, B, C,
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IIIIFiue2CofraintathT2 A. Normal blood C. Normal lung E. Srcold blood G. Sarcold lung Figure 2. Confirmation that the Ti3A sur-

lii face antigen-positive lymphocytes in sar-
z coidosis are T lymphocytes. Blood and

+ ----_ lung lymphocytes of a normal individual
$1 (A-D) and an individual with active pul-

3i monary sarcoidosis (E-H) were evaluated
________ ________ I .__.___1_I__!_. with anti-TB3A(detected with FITC-anti-

FlTC-Ccntrol (log fluorescence Intensity) mouse Ig) and biotin anti-CD2 (TI 1, pan
| t T cell; detected with avidin-Texas Red [tr]

B. Normal blood D. Normal lung F. Sarcold blood H. Sarcold lung conjugate) using dual-laser flow cytometry.
SI . , 1_Controls included parallel wells incubated

with isotyped-matched, nonrelevant mouse
_ _ _ _ _ _ t;, _ _ _ ___ t---.-T--;------ myeloma antibodies stained with FITC-

i 1 Gd4#^1a;anti-mouse Ig followed by further incuba-
tion with biotin-conjugated, nonrelevant

l mouse myeloma antibodies stained with
FTcan-TM (log fluorescence Intensit) avidin-tr. The gate was set on lymphocytes

as determined by forward angle and 900
light scatter in a fashion identical to Fig. 1. Ordinate, log fluorescence intensity (for Texas Red). Abscissa, log fluorescence intensity (for fluores-
cein). Contour plots were divided into quadrants based on control samples to identify unstained cells (lower left), single-stained cells (lower
right, FITC-staining cells; upper left, Texas Red-staining cells), and dual fluorescence-stained cells (upper right).

DR, or DQwas apparent in either the high Ti3A+ sarcoid sub-
group or when all sarcoid individuals were grouped together.

Va8 mRNAexpression in sarcoid lung and blood T lym-
phocytes. To evaluate whether lung and blood T lymphocyte
populations that contained increased numbers of TB3A+ T cells
were actively expressing mRNAtranscripts of the Va8 gene
subfamily and to confirm the relative compartmentalization of
Tj3A+ lymphocytes to the lung, Northern analysis of total RNA
of lung and blood lymphocytes was carried out using the
cDNA probe VOREX. Consistent with the fact that VPREX
was cloned from the same tumor cell line to which the anti-
Ti3A antibody is directed and that V#REXhas been shown to
hybridize to human V68 subfamily genes (40), RNAfrom indi-
viduals with sarcoidosis with > 7% Ti3A+ lymphocytes in lung
clearly contained larger amounts of V,08+ mRNAtranscripts

25 I-
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0

151-

10

5

0

S 0

*

Blood Lung Blood Lung

Normal Active sarcold

Figure 3. Expression of Ti3A surface determinants on lung and blood
lymphocytes of individuals with active sarcoidosis and normal indi-
viduals using single-color indirect immunofluorescence and flow cy-
tometric analysis. Data are presented as percent of Ti3A+ lymphocytes
for lung and blood of normal individuals (o) or individuals with ac-
tive sarcoidosis (-). Quantification was by flow cytometry analysis as
in Fig. 1.

than autologous blood lymphocytes and blood of normals
(Fig. 4). In this regard, as a control, hybridization of the 32p_
labeled VREXprobe to the V,68-expressing T cell tumor line
Jurkat (7, 44) demonstrated a single 1.3-kb band (Fig. 4, lane
2). In contrast, RNAfrom CCRF-CEM(a T cell tumor that
does not express V,08 [44]) had no detectable mRNAhybridiz-
ing with the VPREXprobe (lane 1). Normal blood T lympho-
cytes demonstrated faint, but detectable, single mRNAtran-
scripts hybridizing to VPREX(lane 3), similar to prior reports
(40). Importantly, consistent with results using anti-Ti3A sur-
face staining, individuals with sarcoidosis who had increased
numbers of Ti3A+ T cells in their lung demonstrated increased
amounts of V,6REX+ mRNAtranscripts in RNAfrom lung
compared to autologous blood T cells (lanes 4-7). Evaluation
of these same samples demonstrated the expression of similar
amounts of C,6REX+ mRNAindicating the differences in V68
gene expression were not due to variations in T cell antigen
receptor p-chain mRNAexpression.

Expression of T,3A surface determinants in sarcoid T cell
subsets. With the knowledge that sarcoidosis is characterized
by the accumulation of CD4' lymphocytes at sites of disease
such as the lung (21-31), and that the Ti3A epitope has been
shown to be used without preference in both CD4' and CD81
normal blood T cells (40), blood and lung lymphocytes of
individuals with sarcoidosis were evaluated for the expression
of the Ti3A epitope in these subsets. Interestingly, the Ti3A epi-
tope was expressed across CD4and CD38 phenotypes in blood
and lung lymphocytes of individuals with sarcoidosis as it is in
normal individuals (Fig. 5). Significantly, the ratio of Ti3A+
CD4+ to Ti3A+ CD8+ lymphocytes in the sarcoid lung was
markedly elevated (compare C with D), whereas it was re-
versed in the blood (compare A with B). However, the Ti3A+
CD4+ to Ti3A+ CD8+ ratio in the two compartments in the
sarcoid patients approximated the overall CD4+/CD8+ lym-
phocyte ratios in lung and blood, i.e., the compartmentaliza-
tion of the Ti3A+ cells tracked with the compartmentalization of
CD4+ and CD8+ lymphocytes in lung and blood in active
pulmonary sarcoidosis. The net result of this compartmentali-
zation was a striking dominance of CD4+Ti3A+ lymphocytes in
the lung with a sharply contrasting dominance of CD8+ Ti3A+
lymphocytes in the blood. These observations suggest that, in a
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Control Active sarcoid
cell lines Normal #1 #2

CEM Jurkat blood Blood Lung Blood Lung

Figure 4. Compartmentalization of V#8
mRNAexpression among lung and
blood T lymphocytes of individuals
with active sarcoidosis. Shown are
Northern blot autoradiograms of RNA
(10 ag/lane) isolated from lymphocytes
and evaluated with a V,08 gene subfam-
ily specific 32P-labeled VPREXprobe.
Lane 1, T cell tumor line, CCRF-CEM,
that does not express V8 mRNA(44);
lane 2, T cell tumor line, Jurkat, that
does express V,8 mRNA(7, 44); lane
3, blood lymphocytes from a normal
individual; lanes 4-7, blood and lung
lymphocytes from two individuals with
active sarcoidosis. The 1.3-kb #-chain

5 6 7 mRNAis indicated.

subgroup of individuals with this disease, the T cells expressing
the single idiotope defined by anti-Ti3A contribute substan-
tially to the overall accumulation of CD4' lymphocytes at the
site of disease.

Absence of clonal populations of T cell receptor antigen

V#8+ gene rearrangements in sarcoid lung and blood T cell
populations. Given the presence of increased numbers of Ti3A+
lymphocytes that express VA8 subfamily genes in sarcoid lung
and blood T cell populations, the possibility exists that a signif-
icant proportion of the Ti3A+ lymphocytes represented expan-

sions of one, or very few, dominant clones. If so, these Ti3A+ T
cell clones would be characterized by identical T cell antigen
receptor #-gene rearrangements. Alternatively, the expanded
numbers of Ti3A+ T lymphocytes may reflect selection for V,8-
determinants without regard to a specific VA,8 subfamily
member or to Do,, JO, or Ca, determinants. To differentiate
among these possibilities, Southern blot analysis was per-
formed on DNAobtained from sarcoid lung and blood T cell
populations using a V,8-specific gene probe, using germline
(unrearranged) DNAfrom blood neutrophils of these individ-
uals for comparison (Fig. 6). When digested with BamHI or

Eco RI, neutrophil DNAof sarcoid patients in all cases dem-
onstrated five members of the V,08 subfamily (7, 46) suggesting
no germline deletions of VA,8 subfamily gene members in this
disorder (Fig. 6, lanes 1, 4, 7, 10, 13, and 16). The absence of a

2.0-kb fragment with Bam HI digestion in patient 2 is the
result of a homozygous polymorphism of VA,8. 1 alleles result-
ing in 23-kb size fiagments (Fig. 6, lane 7) (47). Using Eco RI,
an additional faint, but discernable, sixth band was seen in
most DNAsamples, possibly representing a distantly related
variable-region gene segment of lower homology than the de-
fined five members Qf the VA8 subfamily. Interestingly, despite
the expanded numbers of Ti3A+ T lymphocytes in sarcoid lung

and blood, DNAfrom these T cell populations showed no
clonal rearrangements or deletions by this analysis (lanes 2, 3,
5, 6, 8, 9, 11, 12, 14, 15, 17, and 18). The sensitivity of this
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Figure 5. Compartmentalization of TB3A+ CD4+and Ti3A+ CD8+ sub-
sets of lung and blood lymphocytes of individuals with active sar-

coidosis. Blood (A and B) and lung (C and D) T lymphocytes were

evaluated with anti-TO3A (detected with FITC-anti-mouse Ig) and ei-
ther biotin-anti-CD4 (detected with avidin-Texas-Red [tr]; A and C)
or biotin-anti-CD8 (detected with avidin-tr, B and D), using dual-
laser flow cytometry. Controls included parallel wells incubated with
isotyped-matched, nonrelevant mouse myeloma antibodies stained
with FITC-anti-mouse Ig followed by further incubation with biotin-
conjugated, nonrelevant mouse myeloma antibodies stained with
avidin-tr, as outlined in Methods. The gate was set on lymphocytes
as determined by forward-angle and 9Q? light scatter. Ordinate, log
fluorescence intensity (for Texas Red). Abscissa, log fluorescence in-
tensity (for fluorescein). Contour plots were divided into quadrants
based on control samples to identify unstained cells (lower left), sin-
gle-stained cells (lower right, FITC-staining cells; upper left, Texas
Red-staining cells), and dual fluorescence-stained cells (upper right).
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Figure 6. Evidence that the biased use of the TB3A-surface determi-
nant of the V,8 subfamily genes in individuals with active sarcoidosis
occurs in an apparent clonally diverse population of lung and blood
T lymphocytes. Shown are Southern blot autoradiograms of DNA(6
pg/lane) extracted from lung and blood lymphocytes of three individ-

uals with active sarcoidosis who had increased numbers of Ti3A+ lym-
phocytes in their lung or blood T cell populations compared with
normal individuals. DNAwas digested with BamHI or Eco Rl and
hybridized with a 32P-labeled V8 gene probe (V0REX). For compari-

Southern blot analysis for detecting monoclonal V08 rear-

rangements was assessed by mixing experiments using V08-
rearranged DNAfrom a Jurkat T cell line and unrearranged
germline DNA. These experiments demonstrated that V,08-
rearranged T cell DNAcould be detected when it made up

5-8% of the total DNAmixture (not shown). Since the Jurkat
T cell line has only one rearranged V08 allele, these results
indicate the Southern analysis experiments were capable of
detecting a monoclonal Ti3A+ T cell population (with only a

single V,08 gene rearrangement) representing 5-8% of a T cell
population. The lack of evidence of clonal rearrangements of
Vp8 genes by Southern analysis of sarcoid lung and blood
DNAthus excludes a monoclonal origin of all Ti3A+ T cells in
sarcoid lung and blood lymphocyte populations with elevated
proportions of Ti3A+ lymphocytes. Further, in sarcoid T cell
populations with 10-21% Ti3A+ T cells, the lack of clonal V,8
gene rearrangements suggests that several V#8' T cell clones
are likely responsible for the increase in Ti3A+ lymphocytes
observed. These Ti3A+ T cells may use more than one member
of the V08 gene subfamily or different fl-gene locus Do, Jp, and
C0 combinations. However, these studies do not define an

upper limit for the number of unique V08+ T cell clones and
thus it is plausible that a small number of V08' T cell clones is
responsible for the increase in Ti3A+ lymphocytes in sarcoid
lung and blood.

Discussion

Sarcoidosis is a chronic disorder characterized in affected
organs by the accumulation of activated, helper/inducer
(CD4+) T lymphocytes (21-31). Using a clonotypic MAbdi-
rected against an idiotope on the fl-chain of the T cell antigen
receptor coded by the V118 subfamily genes, this study presents
evidence that a subgroup of individuals with active pulmonary

son, germline DNAobtained from autologous blood neutrophils is
shown. Lanes 1-6, individual 1 with 19% Ti3A+ lung and 13% TUA+
blood T lymphocytes; lanes 7-12, individual 2 with 11% Ti3A+ lung
and 3% Ti3A+ blood T lymphocytes; lanes 13-18, individual 3 with
21% Ti3A+ lung and 2%Ti3A+ blood T lymphocytes. Sizes of the frag-
ments (Bam HI, 23, 7.0, 3.5, 2.0, and 1.2 kb; Eco R1, 9.0, 6.0, 4.6,
4.4, and 2.0 kb plus a faint 9.6-kb fragment seen in most samples)
were determined using conventional markers.

sarcoidosis is characterized in lung, and to a lesser degree in
blood, by expanded proportions of T cells with antigen recep-

tors expressing this idiotope. Furthermore, this subgroup of
individuals demonstrates a striking compartmentalization of
these V08' T cells, with the V,08' T cells on the pulmonary
epithelial surface dominated by T cells of the helper/inducer
(CD4+) phenotype, and with blood T cells dominated by those
of the suppressor/cytotoxic (CD8+) phenotype. Put in the
context that normal individuals do not show such biases
among T cells in blood or lung, these observations suggest that
sarcoidosis is associated with a major perturbation in the usage

of the T cell antigen receptor gene repertoire.
Normal usage of VJ8 genes. To date, the available evidence

suggests that the steady state of the immune system in normal
individuals is characterized by a broad usage of a large number
of Vp gene segments in the rearranged genes that define the T
cell antigen receptor fl-chains expressed in blood T cells (40,
48-50). For example, of the V0 gene segments isolated from
human peripheral blood lymphocyte cDNA libraries, 22 of 27
(81%) were different from each other in one study (48),
whereas another study demonstrated that 17 of 19 (89%) were

dissimilar (49). For V,08 usage assessed with the anti-TO3A anti-
body, the proportion of normal blood T cells expressing V,8
gene segments is small, and exhibits a relatively small range
(40). Consistent with this concept, in addition to confirming
the low level of Ti3A+ T cells in normal blood T cell popula-
tions, this study demonstrates that there is a similar low-level
usage with a relatively small range of V08 gene segments
among T cells on the epithelial surface compartment of the
normal lung. Thus, at least in normal circumstances, even on a

surface of the body that is constantly exposed to environmen-
tal antigens, the steady-state diversification of usage of at least
one group of T cell antigen receptor variable region gene seg-
ments is maintained.
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Biased usage of the Vp gene repertoire in sarcoidosis. In the
context of the normal, apparently unbiased, usage of V#8-en-
coded gene segments in normal lung and blood, the finding
that a subgroup of individuals with sarcoidosis have a marked
accumulation of Ti3A+ T cells in lung, and to a lesser extent in
blood, is a striking observation that leads to several hypotheses
concerning the pathogenesis of this disorder.

First, although there is no direct evidence that Ti3A+ T cells
play a central role in the pathogenesis of sarcoidosis, the ob-
servation that Ti3A+ T lymphocytes from the lung are predomi-
nantly CD4' T-helper/inducer lymphocytes is consistent with
the concept that the Ti3A+ cells contribute, at least in part, to
the marked accumulation of CD4+ T lymphocytes at sites of
disease. Along with previous observations that lung CD4' T
cells in sarcoidosis release IL 2 (29), these observations are
consistent with the concept that the accumulated CD4+ Ti3A+
T cells may play a central role in the enhanced immune pro-
cesses at sites of disease, at least for a subgroup of sarcoid
individuals. The possibility that the accumulation of V,68+ T
cells is specific for sarcoidosis is supported by limited data of
other granulomatous lung diseases that, to date, have shown
no evidence for a V,08 biased T cell repertoire, although more
extensive studies will be necessary to substantiate this as a
general finding. In this context, it is conceivable that the CD4+
Ti3A+ T cells accumulate in the lung, at least in part, due to a
nonspecific recruitment of Ti3A+ T cells in an inflammatory
focus. For example, V;,8 genes may have properties that pre-
dispose to their frequent usage in primitive immune processes
that are not related to the normal use of variable region prod-
ucts in the usual context of T cell antigen receptor specificity.
Consistent with this concept, mutation frequency analysis
suggests that V,68 gene elements are evolving slowly, similar to
most eukaryotic genes, and in marked contrast to variable
region segments of immunoglobulin VH genes (46). In this
regard, selective pressure may be acting to maintain V,08 genes
for use in fundamental immunologic processes such as granu-
loma formation.

Second, the compartmentalization of Ti3A+ T cells of the
CD4+ and CD8+ phenotypes to the lung and blood, respec-
tively, suggests that an active selection process, as yet unde-
fined, is responsible for the initiation and maintenance of these
apparent T cell gradients. Several mechanisms, not necessarily
exclusive of one another, may be responsible for this perturba-
tion of the normal steady state. The fact that there is exagger-
ated proliferation of T cells in the sarcoid lung (23, 26, 28),
together with activated CD4+ lung T cells in the same location
(21, 29, 51, 52), is consistent with the concept that CD4+Ti3A+
T cells compartmentalize to the lung secondary to selective
local activation and proliferation. It is also possible that CD8+
Tj3A+ T cells also proliferate in the lung, but while the CD4+
population remains in the local milieu, the CD8+T cells traffic
to blood. Alternatively, the accumulation of CD4+Ti3A+ T cells
in the lung may result from the active recruitment and/or
homing of CD4+ Ti3A+ T cells from blood.

Third, the preferential use of a specific V, gene subfamily
in a subgroup of individuals with sarcoidosis could be on an
inherited basis. Consistent with this concept, sarcoidosis
clearly has a familial basis, at least in some individuals (53).
Furthermore, the exaggerated T cell proliferation, lymphade-
nopathy, and preferential use of a variable region segment in a
clonally diverse fashion in sarcoidosis has interesting parallels
to the MRL/Mp-lpr/lpr autoimmune mouse, in which the au-

tosomal recessive lpr gene is responsible for these abnormali-
ties in genetically predisposed mice (18). It thus is conceivable
that a predisposition to sarcoidosis could be associated with a
bias toward V#8 gene segments, for example, secondary to
polymorphisms in the T cell receptor ,8-gene locus (resulting in
nonrandom T cell rearrangement processes) or from polymor-
phisms in gene segments controlling thymic processes that
normally delete self-MHC reactive T cells and select for anti-
gen-specific, self-MHC restricted T cells.

Fourth, although sarcoidosis has many clinical similarities
with T cell leukemia/lymphoma due to human T lymphoblas-
tic virus (HTLV-1) retrovirus (54) and could conceivably be
caused by retroviral T cell infection, the preferential use of
V68-encoded T cell receptors in a significant number of sar-
coid individuals in the absence of clonal rearrangements of
V,8-genes argues strongly against the possibility that sarcoido-
sis is associated with the emergence of a random, transformed
sarcoid T cell clone of this single T cell receptor clonotype.

Fifth, because the natural ligand of the T cell receptor is an
antigen associated with class I or II MHCproteins, the bias for
Ti3A+ T cells in this subgroup of individuals with sarcoidosis
may be due to selection for Va8-encoded T cell receptors by a
specific sarcoid antigen, MHCprotein or antigen-MHC com-
bination. Although the limited evaluation of MHCloci in this
study argues against a dominance of specific class I or II MHC
molecules being associated with the bias toward V,8 gene seg-
ment usage in sarcoidosis, this does not necessarily exclude the
"specific sarcoid MHCor antigen-MHC" hypothesis. In this
regard, there are examples of bias toward T cell receptor 3-
chain usage correlating with MHCbackground (4, 10, 14, 55).
It thus is conceivable that in sarcoidosis, specific Vp-expressing
T cells are selected by regions of MHCproteins not recognized
as MHCsubtypes, by nonpolymorphic regions of MHCpro-
teins, by minor histocompatibility antigens, or by modified
self-MHC proteins, either alone or in the context of a specific
antigen. Furthermore, because a T cell receptor may have a
dual affinity for an antigen plus self-MHC ligand and a foreign
(allo-) MHCprotein (56), this hypothesis is consistent with the
finding that biases in Va-gene repertoire have been observed in
allo-MHC reactive T cell populations (13). Alternatively, the
bias for V#8-encoded T cell receptor usage in a subgroup of
sarcoid patients could result from T cell antigen receptor se-
lection by a specific sarcoid antigen without regard to the
MHCbackground at all. In this context, highly multivalent
polymers of fluorescein-5-isothiocyanate can bind directly to
T cell antigen receptor a/,f heterodimers in the absence of
specific MHCrecognition, suggesting the possibility that cer-
tain highly multivalent antigens alone may bind and select for
specific T cell receptors (57). If this occurs in sarcoidosis, the
observation that preferential use of V,68-expressing T cells was
found only in a subgroup of individuals with sarcoidosis sug-
gests that sarcoidosis likely is not due to a single sarcoid anti-
gen, but by a variety of highly multivalent antigens, all capable
of eliciting sarcoid-type granulomas. In either case, the possi-
bility that the accumulation of Ti3A+ T cells in sarcoidosis rep-
resents infiltration of a limited number of unique T cell clones
suggests that these Ti3A+ T cells may represent potentially im-
portant probes with which to further investigate the pathogen-
esis of sarcoidosis.

Lastly, the possibility exists that the bias for Ti3A+ T cells in
this sarcoid subgroup may be due to regulation of V#8-encoded
T cell idiotypes in an antigen-independent process associated
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with idiotypic network interactions, perhaps involving both
CD4' and CD81T cells. This concept is supported by the lack
of clonal rearrangements of V,08 genes in the sarcoid subgroup,
which suggests that the selection process may be based pri-
marily for Vp8-encoded surface determinants. This possibility
is enhanced by the knowledge that identical V, regions can
occur in the construction of T cell specificities to different
antigen-MHC combinations (58-63). In the context of this
hypothesis, the lack of expanded numbers of Ti3A+ T cells in all
sarcoid patients may reflect heterogeneity in the etiology and/
or pathogenic mechanisms of sarcoidosis. In this case, further
characterization of T cell receptor repertoires in sarcoidosis
may demonstrate the preferential use of other variable region
segments.
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