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Abstract

Infection with HIV-1 occasionally results in a sicca syndrome,
termed the diffuse infiltrative lymphocytosis syndrome, char-
acterized by infiltration of the salivary glands with a predomi-
nance of CD8 T cells. This response is strongly associated with
certain MHC class I and class II alleles. To define the salivary
gland T cell receptor (TCR) repertoire, the primary structure
of the TCR S-chains was determined using in situ cDNA synthe-
sis followed by the “anchored” polymerase chain reaction. The
sequences of 59 B-chains from five individuals with diffuse in-
filtrative lymphocytosis syndrome shared structural features
suggesting antigenic clonal selection. Certain combinations of
VB JB gene segments were selectively overrepresented in the
repertoire sample, demonstrating a common restricted usage of
certain VB and J8 gene segments. The 8-chains derived from
these overrepresented V8 J8 combinations revealed a prefer-
ence for specific amino acids at position 97 in the third comple-
mentarity-determining region, a residue postulated to contact
peptide antigen. Moreover, the nucleotides encoding this posi-
tion were not germline in origin. TCR S-chains in nonoverrepre-
sented V3 J8 combinations did not exhibit preferential usage of
selected somatically encoded residues. The pattern of TCR 8-
chains expressed in the salivary gland of a control person with
primary Sjogren’s syndrome was considerably more heteroge-
neous and different from that found in diffuse infiltrative lym-
phocytosis syndrome. (J. Clin. Invest. 1993. 92:495-502.) Key
words: T cell repertoire » Sjogren’s syndrome » diffuse infiltra-
tive lymphocytosis syndrome « immunoglobulin « autoimmunity

Introduction

An unusual form of sicca syndrome termed the diffuse infiltra-
tive lymphocytosis syndrome (DILS),! is a distinctive but in-
frequent host response to infection with HIV. DILS is charac-
terized by infiltration of predominantly CD8 T cells into lacri-
mal and salivary glands and is frequently accompanied by a
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significant peripheral CD8 T cell lymphocytosis as well as a
maintenence of relatively normal levels of circulating CD4
cells (1). The majority of peripheral CD8 and CD4 T cells
exhibit a mature memory phenotype characterized by the
abundant expression of 81 and 32 integrins, without a detect-
able increase in cells bearing markers of recent activation such
as HLA-DR molecules or IL-2 receptors (2). HIV-1 antigens
are identifiable only in monocyte lineage cells at sites of tissue
infiltration and the virus is culturable from blood monocytes
(3). Susceptibility to developing DILS is strongly associated
with the DRB1*1102 and DRB1*1301 alleles of HLA-DRS
and DR6, respectively, while HLA-B35 is significantly de-
creased in frequency (4). These features contrast with the more
common idiopathic autoimmune disorder of primary
Sjogren’s syndrome which is characterized by infiltration of the
salivary glands with a predominance of CD4 T cells and suscep-
tibility is associated with HLA-DR2 or DR3 (5).

The ability of T cells to respond to foreign antigens such as
HIV-1 is determined by the clonally distributed o T cell re-
ceptor (TCR ) which is a membrane-bound 88-kD heterodimer
that recognizes foreign peptides presented by self MHC mole-
cules (6). The unique recognition structure of each clonal TCR
is determined by the combinatorial pairing of distinct V, D,
and J gene segments which together constitute each individual
molecule. In the case of the TCR S chain, the potential reper-
toire is composed of 24 V3 families, 2 DS segments, and 13 J§
segments (7). Although several studies of the S-chain TCR
repertoire in humans have demonstrated a nonrandom distri-
bution of VB family expression in both normals and various
disease states (8-14), a recent investigation specifically focus-
ing on the primary structure of the entire 8-chain variable re-
gion revealed a nonbiased pairing of individual V3 families
with specific J3 segments (15). In addition to the use of these
multiple germline elements, structural diversity of the 8 chain
is greatly enhanced by exonucleic “nibbling” and N region di-
versification during junctional pairing of individual V, D, and
J segments which results in random deletion or addition of
individual nucleotides in generating nongermline encoded
amino acids (6); this region of the molecule which exclusively
emphasizes somatic diversity is referred to as the third comple-
mentarity-determining region (CDR3), and it is this region of
the TCR B-chain which is postulated to directly interact with
foreign peptides presented by self MHC molecules (16, 17). In
support of this model of molecular interaction are several stud-
ies which have demonstrated in vitro that murine T cell clones
responsive to a cytochrome c-derived peptide express TCR 8
chains that show not only restricted usage of specific V3J3
combinations, but perhaps more importantly, also exhibit a
preferential expression of particular nongermline somatically
encoded amino acids in the CDR3 region, most notably at
amino acid position 97 (18-20) which is five residues carboxyl
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to the invariant cysteine at position 92. Further emphasizing
the importance of determining complete primary structure
data in obtaining evidence of antigen-specific immune respon-
siveness is the recent finding that single nonconservative sub-
stitutions at specific amino acid positions in the cytochrome ¢
peptide are capable of transferring responsiveness to alterna-
tive clones which express TCR @ chains featuring different
VBJB combinations as well as different non-conservative
amino acid substitutions at position 97 of the CDR3 re-
gion (18).

This study analyzes the structure of the TCR $-chain to
gain insight into the biologic basis of the infiltration into tissues
by T cells in the DILS response to HIV-1 infection. Several
alternative possibilities exist for mechanisms underlying the
accumulation of lymphocytes, each of which have different
predictions in terms of the character of the T cell repertoire as
determined by the structure of the TCR g chains. In view of the
increased frequency of B cell lymphoma in DILS (4), the lym-
phocytic accumulation in tissues could represent a parallel
preneoplastic expansion of one or a few T cell clones which
would be recognized by marked TCR § chain homogeneity at
the level of nucleotide sequence. In contrast, a process driven
by nominal antigen should exhibit some evidence of selection
at the level of primary protein structure by demonstrating pref-
erential usage of VB and J8 elements, and especially, character-
istic features of the CDR3 region. In the instance of superanti-
gen drive, which has been suggested by two reports of HIV *
patients (12, 21), one would expect preferential deletion or
enhancement of certain V8 families while allowing random
structural features in the CDR3 region and the lack of any
preferential usage of specific J8 elements. Since CD4 lympho-
cytes and monocytes which function as reservoirs of HIV-1 are
systemically disseminated, this antigen or superantigen drive
would be expected in both the involved tissue and elsewhere in
the body. Finally, the process of tissue accumulation could be
unrelated to any antigen drive or neoplastic event, perhaps
reflecting secondary tissue recruitment of blood lymphocytes
that have undergone activation as a result of locally secreted
cytokines, and in this case, no commonality of primary struc-
ture would be evident in a comparison of TCR 8 chains from
different individuals with DILS.

Current techniques assessing TCR structural features use
either a limited set of monoclonal antibodies to measure V3
frequencies, or use potentially more informative molecular bio-
logic techniques which may be divided into two general catego-
ries. In one, illustrated by construction of a formal cDNA li-
brary, the repertoire is determined by sequencing individual 8
chain clones to define CDR3 organization and obtain a fre-
quency distribution of V8 and JB usage by enumerating their
occurrence. In the other, primers specific for each of the Vg3
segments are used in quantitative PCR methods which is rela-
tively simple and has the important advantage that all known
V38 gene segments can be measured (22). However, indetermi-
nate variabilities in the efficiency of particular primers intro-
duces uncertainties into the quantitation process and the
method is presently incapable of determining VBJ8 combina-
torial frequencies or evaluating CDR3 structure. This report
uses a novel approach which entails an initial stage of in situ
cDNA synthesis performed on a frozen section, thereby elimi-
nating any bias introduced by in vitro manipulation or differ-
ential priming, and is followed by amplification of cDNA by
the anchored polymerase chain reaction (23) which has been
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demonstrated to nonartifactually amplify all expressed Vg seg-
ments (15, 24); the primary structure is obtained through nu-
cleotide sequencing. This approach addresses the role of anti-
gen specificity by infiltrating T cells in salivary gland tissue by
concentrating on the presence of preferential VBJ3 combina-
tions as well as the amino acid structure of the third comple-
mentarity-determining region in TCR B-chains isolated di-
rectly from tissue.

Methods

Patients. Each individual with DILS met the diagnostic criteria of at
least 6 mo of salivary gland enlargement, HIV-1 positivity confirmed
by isolation of the virus and demonstration of specific antibodies by
ELISA and Western blotting, elevated CD8 T cell levels in the periph-
eral blood, and at least two foci of lymphocytic infiltration with a pre-
dominance of CD8 lineage T cells demonstrated in lip biopsy speci-
mens. The individual with primary Sjégren’s syndrome had symptom-
atic xerostomia, more than twa lymphocytic foci on minor salivary
gland biopsy, and anti-Ro/SS-A autoantibodies. All tissue analyzed in
this report was residual diagnostic lip biopsy material obtained with
informed consent and under an approved protocol.

Methods. The method of in situ cDNA synthesis was according to a
modification of the method of Tecott et al. (25). Briefly, all specimens
were snap frozen with liquid nitrogen and stored until cut into 10-um
sections. Each tissue section was hybridized for 12-16 h at room tem-
perature with 50 ul of a solution containing 50% formamide, 4X SSC,
and a 36-bp primer (80 ng/ml) complementary to a sequence in the
constant region of the TCR B-chain (CCCATTCACCCACCCAGC-
TCAGCTCCACGTGGTCGGG). After hybridization, sections were
washed in 2X SSC at room temperature for 10 min for three washes,
with a final wash in .5X SSC at 40°C for 2 h. cDNA was synthesized by
adding to each tissue section a volume of 50 ul which contained 10 U
AMYV reverse transcriptase (Promega Corp., Madison, WI; buffer sup-
plied) and | mM dNTP’s, and incubated at 42°C for 1 h. Each section
was washed three times in 2X SSC at room temperature for 10 min,
followed by a final wash at 40°C for 2 h. For each sample, at least five
sections from each specimen were processed simultaneously according
to this protocol. The cDNA was eluted from each tissue section with
0.15 M NaOH. .25 volume of 1 M Tris-HCI (pH = 6.0) was added to
each specimen followed by ethanol precipitation. The cDNA was sub-
sequently amplified by a modification of the anchored PCR procedure
of Loh et al. (23). Specifically, the first strand cDNA product was
G-tailed with terminal deoxynucleotidyl transferase (Promega Corp.;
buffer supplied) using | mM dGTP for 30 min at 37°C, and then
amplified using a . 1-uM 34-mer C-tailed primer which also has a restric-
tion site for Notl (TTGACGCGGCCGCTACTAGCCCCCCCCCCC-
CCCC), a .8-uM primer containing only the NotI site (TTGACGCGG-
CCGCTACTAGC), and a 1-uM third primer complementary to the
constant region, 5’ of the original 36-mer (CCTGTGGCCAGGCAC-
ACCAG). The PCR protocol using a Hybaid (Hook and Tucker In-
struments, United Kingdom) thermal cycler consisted of denaturation
at 94°C for 1 min, annealing at 53°C for 2 min, and synthesis at 72°C
for 3 min. The product was size-selected using a low melting agarose gel
and 200-400-bp fragments were reamplified for 20 cycles (94°C for 1
min, 55°C for 2 min, and 72°C for 3 min) using a constant region
primer 5’ of the previously used constant region primer (GTGTGG-
CCTTTTGGGTGTGG) while the other primer was the 20-mer Notl
primer. The product was again size-selected on an agarose gel, digested
with Notl, and ligated into Bluescript (Stratagene Inc., La Jolla, CA)
which had been digested with Notl and Smal. The $-galactosidase sys-
tem was employed to select white colonies which were then screened by
restriction digestion with SstI and BglIl, which selectively cut a BglII
restriction site present in the S-chain constant region just 5' of the
last-used primer. All clones with inserts revealed by Bglll and Sstl
digestion were sequenced using a DNA sequencer (373A; Applied Bio-
systems Inc., Foster City, CA) using the Taq dye deoxy terminator



sequencing kit (Applied Biosystems Inc.) in accordance with the manu-

facturer’s protocol.
Statistics. Statistical analysis used Chi-square analysis or Fisher’s

exact test for which an odds ratio is given for each calculation. In each
instance the null hypothesis for VB or JB frequency calculations was
that there was an equal likelihood of the presence of each gene element.

Nomenclature. The VB family designation is according to Wilson et
al. (26) and Robinson (27); the 8-chain amino acid position number is
according to Kabat et al. (28). The length of the CDR3 regions is
arbitrarily defined as the number of amino acid residues between the
invariant cysteine at position 92 and the invariant phenylalanine at
position 108 from which is subtracted the length of the shortest CDR3
region to give the absolute number of varying residues.

Results

The nucleotide sequence and inferred primary amino acid se-
quence of 62 TCR B-chains were obtained from lip biopsy speci-
mens of five patients with HIV-associated DILS. Their length
ranged from 100 to 250 bp and reflected extension from the
constant region primer to well into the VB segment. Each g
chain had a different G-tailed terminus, indicating that they
arose from separate priming events. The number of -chains
from each individual range from 10 to 17. 59 of the Vg seg-
ments sequenced could be unambiguously assigned to one of
the 24 known Vg families and, with few exceptions, have se-
quence identity with known Vg alleles; the remaining 3 Vg
sequences were too short to unequivocally assign to a specific
Vg family, but were included in the analysis of J8 usage and
CDR3 structure. The patterns of V8 and J8 segment usage as
well as the organization of the structure of the CDR3 region
was determined by enumeration of the 8 chain sequences. For
reference purposes and to control for the possibility of intrinsic
salivary gland specificity, 55 TCR S-chains derived from the lip
biopsy of an individual with primary Sjogren’s syndrome are
also included in the analysis.

V 8 Frequency distribution. Fig. 1 shows the frequency of
VB segment usage in the TCR of T cells infiltrating salivary
tissue of each of the five samples from DILS as determined
from the sequence obtained for each isolate. 15 of the 24
known Vg families are collectively expressed in this sample.
Although relatively heterogeneous, the frequency distribution
of VB segments for the group shows a distribution biased to-
wards the use of certain V8 families and is non-Gaussian (x2
= 63.65, P = 0.00001). Six V@ families, VB2, 5, 6, 8, 12, and
13, are expressed at a level greater than one standard deviation
above the median (median = 2.0, SD = 2.6) and collectively
constitute 64% of the total V8 families expressed. With the
exception of patient 3 where VB5 was used in four of the 10
B-chains isolated from that individual, there is not a dominant
usage of one specific V3 family by the entire group or by any of
the other four patients. 8 of the 24 known Vg families were not
encountered in any of the 8 chain sequences from the five
samples.

Fig. 2 compares the frequency of VB usage in the 59
chains of the DILS group with 53 TCR $-chains obtained from
the same anatomic site from one individual with primary
Sjoégren’s syndrome. That 20 of the 24 V3 families are repre-
sented in the Sjogren’s syndrome sample indicates the V3 reper-
toire diversity in this siugle person exceeds that found in the
entire DILS group. Further emphasizing differences in Vg
usage of these two diseases involving accumulation of lympho-
cytes in the same organ is the observation that there are seven
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Figure 1. Frequency of TCR Vg families in DILS. 15 V8 families are
expressed in 59 TCR S-chains expressed in the salivary glands of five
individuals with DILS (median = 2.0, SD = 2.6). The distribution is
nonrandom (x2 = 63.65, P = 0.00001) and exhibits six V8 families
(VB2,5,6, 8, 12, and 13) which are expressed at a level greater than
one standard deviation above the median which collectively account
for 64% of the total Vg8 distribution.

V8 families, VB4, 9, 10, 11, 15, 16, and 23, expressed in the
Sjogren’s syndrome sample that are not found in the sample of
DILS tissue. The TCR repertoire observed in the Sjégren’s syn-
drome sample contains only three VB families, VB35, 6, 13,
expressed at a level greater than one standard deviation above
the median (median = 2.0, SD = 2.4), and these constitute
45% of the total V3 segment expression.

JB Frequency distribution. The frequency of J8 segment
expression for persons with DILS is shown in Fig. 3. All J@
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Figure 2. Comparative distribution of TCR Vg families in the salivary
glands of DILS (7 = 59) and Sjogren’s syndrome (7 = 53). One in-
dividual with Sjogren’s syndrome expresses 20 V3 families which
represents greater diversity than the collective V8 repertoire of five
individuals with DILS; this includes seven Vg families (V54, 9, 10,

11, 15, 16, and 23) not present in the V3 repertoire of any of the DILS
patients. There are three Vg families (Vg5, 6, and 13) in Sjogren’s
syndrome which are expressed at a level greater than one standard
deviation greater than the median (median = 2.0, SD = 2.4) which
collectively account for 45% of the total Vg distribution.
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segments analyzed are identical to previously reported J3 seg-
ment sequences. Of the 13 known J8 segments, 10 are repre-
sented in the B-chain repertoire of the T cells in the salivary
glandsin DILS. The overall distribution is moderately heteroge-
neous (median = 4.0, SD = 4.5) in that there is not a singular
dominance of one J8 segment; however, there is a preferential
skewing of JB segment usage, with four of the total of 13 J8
segments, JG31.1, 2.1, 2.5, and 2.7, found to be present at a level
greater than one standard deviation above the median and col-
lectively account for 70% of the expressed J3 segments in glan-
dular tissue (x2 = 48.2, P = 0.000003). Three J3 segments,
JB1.3, JB2.4, and JB2.6, are not represented in any of the 62
TCR B-chains analyzed.

Fig. 4 shows the frequency distribution of J3 segment ex-
pression from the individual with Sjogren’s syndrome as com-
pared to the that among the five persons with DILS. There is
considerable overlap between the two groups with regard to the
preferential use of certain J8 segments, e.g., J31.1, J32.1, and
JB2.7; however, selective differences are evident as shown by
the significantly increased frequency of J32.5 usage in DILS (P
=0.017, odds ratio = 9.72) and a trend of enhanced usage of
J32.3 in Sjogren’s syndrome which approaches statistical signif-
icance (P = 0.086).

DB Frequency distribution. Analysis of DB segment usage
reveals that there is not a significant difference in the usage of
either of the two D segments, with DB1.1 found in 32 8-chains
and Dg2.1 in 30 B-chains. One B-chain incorporated both
Dg1.1 and DB2.1 and 5 B-chain transcripts did not exhibit an
identifiable DB segment. In addition, within each DS segment
group, there was not a demonstrable preference for the use of
one particular translational reading frame for either DS1.1 or
Dg2.1 (data not shown).

Inferred length of the CDR3 region. Fig. 5 illustrates the
length of the CDR3 regions for the §-chains of DILS as well as
primary Sjogren’s syndrome, arbitrarily defined as the number
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Figure 3. Frequency of TCR JB segments in DILS. 10 of the 13 J8
segments are expressed in 62 TCR S-chains in the salivary glands of
five individuals with DILS (median = 4.0, SD = 4.5) The distribution
is nonrandom (x? = 48.2, P = 0.000003) with four JB segments
(JB1.1, 2.1, 2.5, and 2.7) expressed at a frequency greater than one
standard deviation above the median which collectively account for
70% of the tctal distribution.
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Figure 4. Comparative distribution of TCR J8 segment expression in
the salivary glands of DILS (n = 62) and Sjégren’s syndrome (n
= 55). There is considerable similarity in the skewness of J3 segment
usage in DILS and Sjogren’s syndrome, with the only significant dif-
ference being the preferential usage of J32.5 by the DILS patients (P
=0.017).

of amino acid residues between the invariant cysteine at posi-
tion 92 and the invariant phenylalanine at position 108 from
which is subtracted the length of the shortest CDR3 region, 9
residues, to derive the number of inserted residues. The total
number of amino acids in the CDR3 region of the DILS §-
chains is significantly longer (mean = 12.4, SD = 1.72) and
shows less variability as compared to the Sjbgren’s patient
(mean = 11.7, SD = 1.93, P = 0.04). The CDR3 region of the
DILS B-chains show more size restriction in that 73% are 11,
12, or 13 amino acids in length, or 2, 3, or 4 inserted residues,
whereas the CDR3 regions of the individual with Sjogren’s syn-
drome display more variability in size with a random distribu-
tion from 9 to 14 amino acids in length, or from zero to five
inserted residues.

Association of VB with JB. Fig. 6 depicts the association that
was found in a given 8 chain between the presence of a specific
VB family and the occurrence of a particular J3 segment in
each of the 59 TCR B-chains from DILS tissue. In addition to
the apparently background random combinatorial pairing of
some V@ families with individual J8 segments, there is evi-
dence for a non-random selective usage of particular VBJ8 com-
binations. For example, the combination of V35J82.1 is en-
countered in four separate 8-chains derived from three differ-
ent individuals (P = 0.009, OR = 13.14), accounting for 7% of
all B-chains as against an expected frequency of 1.8%. The
VB6J32.7 combination is represented in the repertoire of four
different persons (P = 0.026, OR = 7.33), and the combina-
tion of VB13J81.1 is expressed in three separate $-chains (P
=0.022, OR = 12.00). For each of the V3 segments expressed
in these three particular VBJ3 combinations, the associated J3
constitutes greater than 50% of the total J3 segments associated
with that particular Vg family; V317J82.1 also fulfills this crite-
rion but only approaches statistical significance fora VJ8 com-
bination (P = 0.08). The TCR B-chains containing the
VBIB combinations VB5J82.1, VB6J82.7, VB13J81.1, and
VB17JB2.1, are designated “overrepresented” B-chains.

With the exception of two 8-chains which represent exam-
ples of V35J82.1 combinations, the repertoire of Sjogren’s syn-
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Figure 5. Amino acid length of the CDR3 region in individual TCR
B-chains in DILS (7 = 62) and Sjogren’s syndrome (n = 55). The
total length of the CDR3 region is defined as the number of amino
acids between the invariant cysteine at position 92 and the invariant
phenylalanine at position 108; the number of inserted amino acids,
shown in parentheses, is determined by subtracting the number of
amino acids in the shortest CDR3 region (e.g., 9 residues) from the
total number of amino acids in each CDR3 region. The total number
of amino acids in the CDR3 region of the TCR 8 chains of the pa-
tients with DILS (mean = 12.4, SD = 1.72) is significantly greater and
shows less variability than that of Sjégren’s syndrome (mean = 11.7,
SD = 1.93, P = 0.04). 73% of CDR3 regions in DILS exhibit two to
four inserted residues while the CDR3 regions of the Sjogren’s syn-
drome patient demonstrate random variation between 0 and 5 in-
serted residues.

drome does not include any examples of expressed 8 chains
which encode the overrepresented VBJ3 combinations present
in DILS (data not shown). Rather it demonstrates entirely
different overrepresented VBJ3 combinations which include
VB5J32.7 (P = 0.042, OR = 5.7), VB6JB1.1 (P = 0.011, OR
=10.75), and VB15J82.3 (P = 0.04, OR = 18.8).
Association of particular V3JB combinations with CDR3
structure. In view of the observation that 3-chains with particu-
lar VBJB combinations were found in salivary glands of pa-
tients with DILS at levels greater than expected by chance, the
CDR3 regions of B-chains composed of these overrepresented
combinations were compared to those where no preferential
VBJB combinations were observed. The primary structures of
the CDR3 regions of selected -chains present in these overrep-
resented VBJB combinations are shown in Table 1. Specifically
with regard to amino acid position 97, it can be seen that there
is a strong relationship between the use of specific VBJ3 combi-
nations and the identity of the amino acid at position 97. For
example, in the combination V313J31.1 8-chains (Table I 4),
serine is present at position 97 in two of the three isolates (P =
0.01, OR = 54) and, as indicated by Fig. 7 which shows the
total frequency of individual amino acids at position 97, this
accounts for two of the four serine residues used at this position
in the entire sample of 62 $-chains. Similarly, glutamine ac-
counts for two of the four residues at position 97 in 8 chains
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Figure 6. Coexpression of V3 families with specific J3 segments in
individual TCR 8 chains in the salivary glands of DILS. There is a
preferential association of certain Vg families with specific J3 seg-
ments as demonstrated by the pairings of V35J82.1 (P = 0.009, OR
= 13.14), VB6JB2.7 (P = 0.026, OR = 7.33), and VB13J81.1 (P
=0.022, OR = 12.00).

with the combination VB35J32.1 (Table I B; P = 0.01, OR
= 54), and in the case of the VB36J32.7 combination (Table I
(), aspartic acid is present at position 97 in two of the four
B-chains (P = 0.01, OR = 54), again accounting for two of the
four occurrences of this amino acid at this position. A further
example of this association is found in the V317 family where
two of the three isolates are paired with J52.1. Table I shows
that both of these V317J82.1 chains are encoded with a glu-
tamic acid at position 97 (P = 0.006). In addition, emphasiz-
ing the importance of similarity in residues found at position
97 is the the presence of identical amino acids adjacent to posi-
tion 97 in two of the four VBJg categories, e.g., serine residues
at position 98 in the 8 chain with the V36J32.7 combination
and tyrosine residues at position 96 in the V313J31.1 combina-
tion. Moreover, it should be noted that with the exception of
VB17JB32.1, where both of the 3-chains are derived from the
same individual, all the other V3] pairings are contributed by
different individuals.

The significance of the relationship between VBJ3 and
amino acid residue at position 97 is further enhanced by the
observation that, in most of the B-chains, the amino acids
found at and around position 97 are encoded by somatically
added nucleotides, rather than the individual V and J segment
germline elements used elsewhere in the chain. The somati-
cally added nucleotides are depicted in lower case letters. As
can be seen in Table I different codons encode the same amino
acid at these positions, suggesting that factors operating at the
level of the expressed protein rather than at the level of DNA
are involved in this nonrandom representation of amino acid
residues. The 53 B-chains expressed in the salivary tissue of the
one individual with primary Sj6gren’s syndrome do not exhibit
a significant association between any V3J3 combination and a
particular amino acid residue at position 97, or at any adjacent
position in the CDR3 region (data not shown).
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Figure 7. Distribution of amino acid residues used at position 97 in

individual TCR B-chains in DILS. *Amino acids represented in pref-

erential VBJB pairings. (4, Ala, C, Cys, D, Asp, E, Glu, F, Phe, G,

Gly, H, His, I, lle, K, Lys, L, Leu, M, Met, N, Asn, P, Pro, Q, Gln,

R, Arg, S, Ser, T, Thr, V, Val, W, Trp, Y, Tyr).

Discussion

The central finding of this study, using direct enumeration of
the primary structural elements of each isolated TCR 8 chain,
is that a subpopulation of T cells infiltrating the minor salivary
glands of HIV * individuals with DILS express a restricted -
chain TCR repertoire. This repertoire exhibits structural char-
acteristics consistent with what would be predicted if the clonal
selection of these T cells occurred through an antigen driven
mechanism. The findings that support an antigen driven selec-
tion event include: the selective overrepresentation of particu-
lar VBJB combinations, the presence of identical amino acid
residues at position 97 in 8 chains included in these same V3J8
combinations even if the chains are derived from different indi-
viduals, and that the amino acids at this position are specified
by different codons which are not specified by the germline. As
a counterpoise to these nonrandom events is the observation
that there is no evidence of bias in the use of the DS elements
which adds further support to the considerable evidence in fa-
vor of selective usage of the other TCR gene elements. That
these B-chain structural features are specific to the immune
response of DILS is supported by the finding that three of the
four overrepresented VBJB combinations of the DILS reper-

toire are not represented in any of the 8-chains of the person

with Sjogren’s syndrome. More generally, a recent study of 250
TCR B-chains from five healthy individuals, including a pair of
identical twins, did not demonstrate a preferential association
between any particular V3 family and J8 gene segment in indi-
vidual TCR 8 chains (15). These observations argue against
the presence of biasing structural features, either of the genome
or of the mature protein product, as being responsible for the
selective VBJB combinations present in DILS. Taken together
with the fact that DILS is a distinctive host response to HIV-1
infection which occurs in the setting of particular MHC class I
and II alleles, the present observations suggest the possibility
that the unique features of the response of DILS are mediated
by the recognition properties of these TCR 8 chains for certain
HIV-encoded peptides.

The identification of a subset of 3-chains characterized by
overrepresented combinations of VBJ3 segments allowed an

approach to the problem of identifying TCR’s from clones that
might have specifically responded to an antigen as opposed to
TCR’s from other clones that reflect nonspecific recruitment
mechanisms. The fact that analysis of the CDR3 regions of
these two catagories of 8-chains revealed a highly nonrandom
occurrence of particular amino acids at position 97 supports
the rationale of this approach. For example, each of the V3J3
chains from the overrepresented groups in DILS (e.g.,
VB5J62.1, VB6JB2.7, VB13J41.1, and VB17J82.1) demon-
strates a selectivity for specific amino acids at position 97 of the
CDR3 region, which is the same structural residue implicated
in direct interaction with the antigenic peptide in several in
vitro and transgenic investigations ( 18-20). The significance
of this association is enhanced by the observation that in each
of the four preferred VBJ classes the common amino acid is
encoded by nongermline nucleotides. The existence of several
structurally distinct overrepresented VBJB categories suggests
the possible existence of several antigenic peptides responsible
for eliciting the immune response in the salivary glands of
DILS.

Most studies examining either tissue-specific or peripheral
V8 repertoires have demonstrated elements of nonrandomness
and while the V8 repertoire of DILS identifies six of 24 V3
families (VB2, 5, 6, 8, 12, and 13) as accounting for 64% of the
total V3 segments isolated, the principal finding here is that the
V3 repertoire of each individual with DILS is more similar to
other individuals with DILS than it is to the individual with
Sjogren’s syndrome. For example, the one individual with
Sjogren’s syndrome exhibits greater diversity in expressing 20
of 24 V3 families than the collective repertoire of five individ-
uals with DILS which only express 15 V3 families. Moreover,
seven of the V3 families expressed in the Sjogren’s syndrome
patient’s repertoire are absent from any of the DILS reper-
toires. Additionally, it should be noted that the data from the
individual with Sjogren’s syndrome are in general agreement
with a recent study which found a preferential usage of V32
and VB13 from lip biopsies in primary Sjégren’s syndrome
(29). In the present study V313 is the most frequently used V3
family, accounting for 17% of the V3 repertoire; however, V32
comprises only 3.7% of the total repertoire. Both DILS and
Sjogren’s syndrome exhibit considerable overlap in expressing
skewed J3 segment usage where both diseases emphasize only 4
of 13 J8 segments in accounting for 70% of the repertoire.

While a superantigen mechanism has been postulated as an
explanation for distortions in the frequency of V3 family repre-
sentation in AIDS (12), it is unlikely that the present findings
of skewed VB expression in DILS are a consequence of expo-
sure to an HIV-related superantigen; such a mechanism fails to
provide an explanation for the selectivity of the J3 segments
and the similarities in other features of CDR3 structure that
were found in the present study. Another possible explanation
for VB gene segment restriction could be selective trafficking
into the salivary gland of T cells expressing particular V3 fami-
lies. Comparative analysis with primary Sjogren’s syndrome,
used here principally as a methodologic and biologic control,
suggests that the V3 bias in DILS is not simply the result of
salivary gland tropism of a select subset of T cells since the two
diseases display Vg repertoires that are only partially overlap-
ping.

The inclusion of only 8 of 59 or 13% of overrepresented
TCR B chains as representative of an antigen-reactive group is
consistent with previous analyses investigating the frequency of
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antigen-specific T cells in pathologic lesions. For example,
Bloom and colleagues demonstrated that only 2% of infiltrat-
ing T cells in cutaneous tuberculoid leprosy lesions responded
in an antigen-specific manner to Mycobacterium leprae (30),
and the relevance of these data to the current study is enhanced
by the recent finding of a subset of peptide-specific human T
cell clones responsive to M. leprae that also use TCR (-chains
within a single Vg family and also encode identical amino acids
at position 97 of the CDR3 region (31). Similarly, in studying
the antigen-induced animal model of autoimmunity, experi-
mental autoimmune encephalomyelitis, Cohen and colleagues
recently reported that only 5% of T cells derived from patho-
logic lesions were reactive to the stimulating antigen myelin
basic protein (32). The estimation of an even higher frequency
of antigen-specific T cells in DILS salivary tissue may be par-
tially explained by the findings of several recent studies which
have consistently shown that HIV * individuals demonstrate
markedly elevated numbers of HIV-reactive T cells even in the
peripheral blood (33-35); presumably this is partly a conse-
quence of the systemic distribution of HIV-1 coupled with the
anatomical localization of the infection to the immune system
itself. In fact, despite elements of organ specificity such as that
exhibited in DILS, the disseminated nature of the infection
predicts that many of the same structurally selective TCR’s
could be isolated from the peripheral blood as those isolated
from the salivary gland, especially in consideration of the
uniquely prominent peripheral CD8 lymphocytosis in this
HIV * group.
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