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Abstract

Infiltrating T cells around salivary glands in the lips of
Sjogren's syndrome (SjS) patients are crucial in the pathogene-
sis of this disease. To analyze the nature of infiltrating T cells,
their T cell receptor repertoire was examined with quantitative
polymerase chain reaction. The repertoire of VB transcripts in
lips of SjS was not restricted; however, the Vfi2 and V#13
genes were predominantly expressed on the T cells of lip speci-
mens in six and four of seven lips, respectively. Predominance
of these genes was specific in lips because no predominant Vft
transcripts were found in lips from healthy subjects and PBLs
from SjS patients. These results indicated that the V#2- and
VB13-positive T cells expanded specifically and preferentially
in SjS lips, thereby suggesting the possible role in triggering
the autoimmunity of this disease. (J. Clin. Invest. 1992.
89:681-685.) Key words: autoreactive T cells * Sjogren's syn-
drome * T cell receptor V/# gene

Introduction

Sjogren's syndrome (SjS)' is an autoimmune disease character-
ized by lymphocytic infiltration of lacrimal and salivary glands,
which leads to symptomatic dry eyes and mouth (1). Immuno-
histological studies (2, 3) have clarified that the majority of the
infiltrating lymphocytes around salivary glands were CD4-posi-
tive T cells and that CD8-positive T cells were in the salivary
duct epithelium. However, there have been no reports on the
nature of the infiltrated T cells in the salivary glands of SjS
patients.

Recently, the quantitative polymerase chain reaction
(PCR) was established by Choi et al. (4) and may serve well in
the rapid estimation of the human T cell repertoire, as there are

limited numbers of MAbsagainst at least 20 different V(3 fami-
lies in humans (5). In this paper, to examine the mechanism of
autoimmunity of SjS, we have analyzed the repertoire of T cell
receptor (TCR) genes from infiltrating T cells around salivary
glands in lips of SjS patients by using quantitative PCR(6). We
obtained evidence that the repertoire of TCRVBgene on infil-
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trating T cells from lips in SjS patients was not restricted; how-
ever, the V32 and VJ3 13 genes were predominantly expressed
in SjS lips. The possible role of these T cells in the progression
of SjS is discussed.

Patients. Seven SjS patients were referred for study to the Chiba Univer-
sity Hospital and all met the definition for SjS. The criteria for the
diagnosis included keratoconjunctivitis sicca, xerostomia, and mono-
nuclear cell infiltration of the salivary gland in lip biopsy samples
(grade 4) (7).

PCRand quantitation of TCR V,3 gene transcripts. Total RNA(5-
10 Mg) was prepared by using RNAzol solution (Biotecx Laboratories
Inc., East Houston, TX), from lip specimens of SjS patients that had
obvious infiltrating T cells around salivary glands by histological stud-
ies (grade 4) or from normal control lip specimens (grade 0). cDNAs
were synthesized in a 20-M1 reaction mixture containing oligo(dT)
primer by AMVreverse transcriptase from 5 Mg total RNA. Amplifica-
tion was performed with Taq polymerase in 50 Ml of standard buffer by
use of 0.2 Ml of cDNA (corresponding to 50 ng of total RNA) with 20
different V(3 and Coprimers to detect each V13 gene. The cDNAcorre-
sponding to 0.5 ng RNAwas a suitable dose for PCRwith the 5'-C3 and
3'-Cf primers to detect total Co gene. The sequences of some V,3
primers were from previously published reports (8), and the sequence
for Co3 primer was the commonone in the Co1 and C#2 gene segments.
Oligonucleotides were synthesized by DNAsynthesizer (Applied Bio-
systems Inc., Foster City, CA). The denature step was carried out at
94'C for 1.5 min, the annealing step at 60°C for 1 min, and the exten-
sion step at 72'C for 1 min for 30 cycles on a DNAthermal cycler
(Zymoreactor V2; Atto Co. Ltd., Japan). One-fifth of the sample was
loaded on a 2% agarose gel with ethidium bromide, and amplified
DNAbands (250-300 bp) bearing VDJC,3 genes could be detected.

For quantitation of the TCR V(3 and Co gene transcripts, PCR
products were hybridized with the 32P-labeled Bgl2 fragment of the
JUR-,B2 gene (9) (CO) and the intensities of the autoradiographic bands
were quantitated by densitometer (Fujix BAS2000, Fujifilm I&I Co.).
The relative amounts of TCRVB and Co3 genes were calculated by
using standardization curves. To make standardization curves, cDNAs
from PBLs in healthy subjects were serially diluted (corresponding to 1
X I05 pg RNA) and subjected to PCRwith individual Vf3 and CB
primers, or 5'-Cf3 and 3'-C,3 primers as a control for 30 cycles of 1.5 min
at 94°C, 1 min at 60°C, and 1 min at 72°C. By using each standard
curve, the relative amount of cDNAs encoding individual V0 genes
and total CB genes was calculated as RNA (cDNA) from PBL of
healthy subjects, respectively. The VB gene expression was represented
as V3/C3 (%).

The cDNAs (corresponding to 3 ng RNA) from PBLs of SjS pa-
tients and from healthy individuals were used for PCRto estimate the
expression of VBgenes on PBLs, and hundredth amounts of each DNA
(corresponding to 30 pg RNA) were used to estimate the expression of
Cogenes.

Flow cytometry. PBLs from healthy subjects were isolated by Ficoll-
Paque separation. They were incubated with MAbsagainst VB8 (16G8)
or Vl 12 gene products (S51 1) (T Cell Sciences Inc., Cambridge, MA)
and then with FHTC-conjugated goat anti-mouse 1g. They were washed
and resuspended at a concentration of 106 cells/ml and then analyzed
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To examine the efficiency of the V(3 primers, total RNAwas
prepared from healthy human PBLs and cDNAs were synthe- b
sized as described in Methods. The cDNAs encoding VDJCB
were amplified with individual sets of Vj and CBprimers. 20
different VB-specific oligonucleotides representing human bp

TCR V3 families were used for the 5'-primers, and a C,3 se- - W 246

quence was used for the 3'-primer (Table I). Each V,-Cf, --123
primer yielded a band of 250-300 bp as visualized with ethi-
dium bromide by PCR, and amplified DNAswere further con- Figure 1. Detection of PCR-amplified products encoding TCRVBon
firmed by hybridization with a radiolabeled CB probe (9) as PBLs. (a) Total RNA(20 .g) was prepared from PBLs of healthy
shown in Fig. 1. These results show that the PCRusing each VB individuals and was used for synthesis of cDNAs. The cDNAs corre-
primer and the C#primer could amplify DNAsbearing individ- sponding to 200 ng RNAwere used for PCRto amplify DNAsen-
ual VDJCBgenes. The PCRproducts encoding total C,3 genes coding of TCRVDJCBor C( genes as described in Methods. One fifth
yielded a band of 388 bp, using 5'-C(B and 3'-Ci3 primers (Fig. 1). of the amplified products was loaded on a 2%agarose gel with ethid-

For quantification of the V#. transcripts on the infiltrating T ium bromide, and amplified DNAbands (VDJCGI: 250-300 bp,
cel i antc thelipsVofSjSpatientsB thesntfolowing tnexrintswere1 arrow; CS: 388 bp) could be detected. (b) Amplified DNAswere hy-cells in the lips of SjS patients, the following experiments were bridized with the 32P-labeled CBprobe. The signals correlated with

carried out: total RNAwas prepared from seven lip biopsy the bands stained by ethidium bromide.
specimens of SjS as well as from normal control lips, cDNAs
were synthesized, and PCRwas carried out. The amplified
DNAproducts were hybridized with the 32P-labeled C( probe
and the intensity of the radioactive bands was measured with a PCRand the radioactivity of PCRproducts (Fig. 2). To obtain
densitometer. The cDNAsencoding 20 different Vj3 genes were the standardization curves, cDNAs from normal PBLs, were
quantitated by individual standardization curves that repre- serially diluted and subjected to PCRand Southern blot analy-
sented the relationship between the amount of cDNAused for sis. Whenthe radioactivity of each PCRproduct was plotted in

Table I. Sequence of Human T Cell Receptor V# Primers

Primer Sequences

5'-TCT AGA ATT CCA
5'-TCT AGA ATT CCC
5'-TCT AGA ATT CGA
5-TCT AGA ATT CCA
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CAG
5'-TCT AGA ATT CAG
5'-TCT AGA ATT CAT
5'-TCT AGA ATT CTG
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CAT
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CAA
5'-TCT AGA ATT CCT
5'-TCT AGA ATT CGG
5'-TCT AGA ATT CGG
5'-TCT AGA ATT CGA
5'-TCT AGA ATT CCT
5'-TCT AGA ATT CTT
5'-CCC ACA CCC AAA
5'-CAT AGA GGA TGG

AAA GGA AAC ATT
ACA TAC GAG CAA
AAA AGG AGA TAT
TAT GAG AGT GGA
AGG AAA CTT CCC
ATG ACT CAG GGC
TGT GCC AAG TCG
AGA TGA TTC AGG
AAA CAG TTC CAA
AGC AGA AAT AAT
GGG AGA TCT TTC
AGG AGA AGT CTC
GGC TAC AAT GTC
GGG AGA TGT TCC
AGG AGA GAT CTC
TTA TCG ACG TGT
AGA TAT AGC TGA
AAT GCC AAA GGA
GAT GCA CAA GAA
GCA GGC AGG GGC
CTG ATG GCT CAA
AGG CCA-3'
TGG CAG-3'

CTl GAA
GGC GTC
TCC TGA
TTT GTC
TGG TCG
TGC CCA
CTT CTC
GAT GCC
ATC GCT
CAA TGA
CTC TGA
AGA TGG
TCC AGA
TGA AGG
TGA TGG
TAT GGG
AGG GTA
ACG ATT
GCG ATT
CTC CAG
ACA C-3'
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Vol
V#2
V#3
V14
V#5
V#6
V37
V#8
V#9
V10
Vo~l 1
V#12
V#13
V#14
V#15
V#16
V#17
V#18
Vflig
V#20

5'-Cfl
3'-CB

C-3'
G-3'
G-3'
A-3'
A-3'
A-3'
A-3'
C-3'
T-3'
G-3'
G-3'
C-3'
T-3'
G-3'
A-3'
A-3'
C-3'
T-3'
C-3'
C-3'

The size of amplified products using 5'V1 and 3'C# primers ranged from - 250 to 300 bp. Primers for V# and CG genes contained additional
EcoRI and XbaI restriction enzyme sites for further cloning experiments. 5'-Cf3 and 3'-CO primers were used to detect total CQ transcripts as
internal control and yielded a band of 388 bp.



1 04- a log-log graph against the amount of cDNA(RNA) encoding
each individual V: gene, a linear relationship was obtained
(Fig. 2). A linear relationship was also obtained in the case of

E the Co gene segment amplified with 5'-C3 and 3'-CO primers, as0.
10310 o3-X a control. Weused this system to quantify the amount of the

cDNAs encoding V: and Co genes, respectively. The relative
.> ZD ,/; amount of V,3 gene expression was represented as VA/C: (%),
0o / ,/;t ~~~~~~~~~~~~~becausethe infiltrating T cells in the individual lip biopsy sam-
-0 1-2 ples were different in number.cs/ ,, Table II shows that the repertoire of TCRVf3 gene in lips of

XI SjS patients was not restricted; however, the Vf2 gene (8.6-
16.8%) was predominantly detected in six (SjS 8, 9, 10, 11, 12,

10 14) of seven SjS lips compared with three lip specimens from
10 1 02 103 104 10o healthy subjects (2.3-4.8%). Additionally, the V13 gene was

RNA (pg) preferentially expressed (13.0-29.2%) in four lips of SjS pa-
tients (SjS 8, 10, 12, 13) in comparison with normal lips (8.1-

Figure 2. Standardization curves for quantitation of amplified prod- 96.nt (som of the seven SSlpsamlso examind the ote
ucts. The cDNAs from normal PBL were serially diluted (corre-
sponding to 1 X 105 pg RNA) and subjected to PCRwith primers V: genes, such as Vf3, 4, 6, 7, 14, or 18, in addition to VfB2 and
specific for 20 different individual V# and CO3 genes for 30 cycles of V:ol 3 genes, were preferentially expressed. In lips from healthy
1.5 min at 940C, 1 min at 60'C, and 1 min at 720C. Amplified DNAs subjects without severe infiltration of T cells, total RNAs en-
were hybridized with the 32P-labeled Bgl2 fragment of the JUR-32 coding TCRVie and COgene were detectable, but their amount
gene and the intensities of autoradiographic bands were quantitated was 10 times less than in SjS lips.
by densitometer. The radioactivity (cpm) in the V: or Co bands and The TCRV3 expression on PBLs of two SjS patients (SjS
the relative amount of cDNAs (RNA) encoding V,3 or Cd genes used 10 and 12) was also estimated by the same method as in Table
for PCRwere plotted on a log-log graph. Here, the standard curves,

IL as shown in F ig.3ythe same Vt2 as 1n 8able
including the Co3 (o), V,32 (.), V36 (E), Vf7 (A), and V#13 (x), are II. As shown in Fig. 3, the T cells expressing Vf2 (SjS 10: 8.6%,
presented. SjS 12: 10.7%) and VA1 3 genes (SjS 10: 20.9%, SjS 12: 29.2%)

Table II. TCR Vfi Expression in Lip Specimens of SjS Patients

V/S families (% Vfl/C/S)
Case
no. 1 2 3 4 5 6 7 8 9 10

SjS 8 1.8 10.1 3.1 1.9 1.0 5.7 1.4 3.7 4.6 2.7
Sjs 9 2.0 16.8 2.3 7.6 9.7 3.8 7.5 4.3 5.6 1.8
Sjs 10 3.3 8.6 3.5 2.7 5.2 7.3 5.1 7.4 1.4 0.3
Sjs 11 0.1 9.0 15.6 2.5 8.4 3.1 18.9 5.8 1.9 1.7
SjS 12 2.0 10.0 6.4 4.2 4.3 7.8 3.7 2.8 2.5 3.2
SjS 13 1.0 4.0 9.3 2.9 2.7 22.1 16.0 7.3 0.3 0.1
SjS 14 2.7 10.7 12.2 10.2 1.6 3.6 5.6 2.6 7.3 3.5
Control 1 1.2 4.8 8.8 4.6 3.9 7.2 5.6 4.9 2.6 1.2
Control 2 1.0 3.2 9.3 8.7 2.8 1.4 12.8 9.2 6.2 1.0
Control 3 0.5 2.3 5.2 3.2 5.5 6.2 13.4 7.4 6.0 2.2

Vfl families (% V/S/Co)
Case
no. 11 12 13 14 15 16 17 18 19 20

SjS 8 1.0 5.6 15.2 8.4 6.8 1.8 5.5 17.4 1.4 1.2
Sjs 9 0.4 1.2 8.1 16.3 4.3 1.2 2.6 3.6 0.7 0.1
Sjs 10 0.1 4.2 20.9 7.6 3.6 1.7 6.7 3.6 2.5 3.1
Sjs 11 0.5 0.8 9.8 10.1 2.0 1.2 6.0 1.3 0.7 0.2
SjS 12 2.2 2.6 29.2 3.9 2.6 2.5 2.3 2.0 2.5 3.1
SjS 13 1.4 2.3 13.0 4.5 1.0 0.3 6.3 4.5 0.1 0.1
SjS 14 3.3 4.1 1.8 1.0 2.6 4.1 2.7 5.3 2.7 2.2
Control 1 2.1 2.9 9.1 7.2 8.2 2.9 7.8 6.8 4.3 3.8
Control 2 0.4 5.4 9.6 9.0 4.1 1.3 4.9 3.8 2.2 4.0
Control 3 2.0 4.6 8.1 9.6 5.6 4.0 4.4 5.8 3.1 1.0

The cDNAs were synthesized by using 5 gg total RNAfrom lip samples of SjS patients (grade 4) or healthy subjects (grade 0). The
cDNAs corresponding to 50 or 0.5 ng RNAwere used for PCRwith V: and C: primers or 5'-Cfl and 3'-CO primers as described in Methods. The
amplified DNAswere separated on a 2% agarose gel hybridized with the 32P-labeled Bgl2 fragment of the JUR-f32 gene. The intensities of the
autoradiographic bands were quantitated by densitometer, and the cDNAs encoding V# and CBgene segments were calculated by using the re-
spective standardizing curves (Fig. 2). The relative amount of TCRVO transcripts was described as the VO/C3 ratio (%). The percentage of T
cells in PCRwas the mean of two individual experiments.
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V,8 families

in lips from SjS 10 and SjS 12 patients increased in number
compared with findings in PBLs from the same patients (Vj32:
2.6 and 4.7%; V 133: 9.9 and 9.1%, respectively). These results
indicate that the T cells expressing V32 and Vfi1 3 genes ex-

panded specifically in the lips of SjS patients.
To confirm the results obtained by the quantitative PCR,

we examined the actual percentage of T cells expressing V18
and V#12 molecules on PBLs from the same three healthy
subjects by using flow cytometry and anti-V,3 MAbs. The data
show that the percentages of V38 (4.9±0.50%, mean±SD)- and
V,312 (2.1±0.68%)-positive T cells calculated by quantitative
PCRwere similar to those estimated by flow cytometry (V38:
4.1±0.24, V#132: 2.4±0.81%).

Discussion

The TCR V(3 repertoire of infiltrating T cells in lips of SjS
patients was examined with the quantitative PCRmethod. We
obtained evidence that the repertoire of Vie transcripts was not
restricted; however, the Vf32 (8.6-16.8%) and V 1l3 (13.0-
29.5%) genes were predominantly expressed on T cells in SjS
lips. Predominance of the Vj32 and Vj 1 3 genes was specific in
lips because lesser percentages of these two genes were ex-

pressed on PBLs (V#2: 2.6-4.7%, V131 3: 9.1-9.2%) in the same

subjects. Thus, T cells bearing Vf2 or Vf 1 3 genes may be re-

sponsible for triggering the autoimmunity of this disease.
Studies (10-13) of human autoimmune diseases have pro-

vided some evidence for oligoclonality by the restriction frag-
ment length polymorphism method in patients with myasthe-
nia gravis, multiple sclerosis, and rheumatoid arthritis. Indeed,
Oksenberg et al. (14), using PCRtechnology with brain biopsy
specimens, reported that TCRVa 10 gene was preferentially
expressed, suggesting the limited heterogeneity of TCR Va
transcripts in brains of multiple sclerosis patients. Sottini et al.
(15) demonstrated that synovial fluid T cells expressed V#7
transcripts and nonrestricted Va elements. The study in this
paper is the first report on the TCRV,3 repertoire of infiltrating
T cells in lips of SjS patients.

Choi et al. (4) reported that T cells expressing certain Vf3
genes could be stimulated by some bacterial toxins, such as

toxic-shock syndrome toxin and staphylococcal enterotoxin, as

a "superantigen." It is interesting to note that Vf32-positive T
cells can be stimulated by toxic-shock syndrome toxin 1 and T

Figure 3. Expression of Vft genes in lips and on PBLs of
SjS patients. To estimate the VB gene expression, the
cDNAs (corresponding to 3 ng RNA) from PBLs of two
SjS patients (a) SjS 12 (b) SjS 10 and cDNAs (corre-
sponding to 50 ng RNA) from lips of the same subjects
were used for PCR, respectively, as described in Table
II. For the Ci3 gene, hundredth amounts of each cDNA
were subjected to PCR. The relative amount of TCRVj3
transcripts in lip (u) and on PBL (o) were calculated with
the same method as in Table II. The percentage of T cells
in PCRwas the mean of two individual experiments.

cells bearing V3 1 3 gene expand by the stimulation of staphylo-
coccal enterotoxin C2. This suggested the possibility that pre-

vious bacterial infection in the lips of SjS patients led to stimula-
tion and expansion of T cells expressing these two genes. Some
of these T cells might recognize self-antigens and play a crucial
role in the pathogenesis of autoimmunity.

The self-antigens in SjS have not yet been identified, but an

association between retrovirus infection and SjS has been sus-

pected (16-18). Antibodies against HIV-l protein were highly
detected in the serum of SjS patients (16), and transgenic mice
expressing the human T cell leukemia virus (HTLV- 1) tax gene

developed an exocrinopathy resembling SjS (17). Recently, a

human intracisternal A-type retroviral particle was detected in
lymphoblastoid cells exposed to homogenates of salivary tissue
from SjS patients (18). These studies suggest the possibility that
the retroviral particle by itself, or virus-induced products,
might be candidates for self-antigens in the progression of SjS.
The analysis of the antigen recognized by limited autoreactive
T cells in the lips of SjS patients mayprove to clarify the mecha-
nism of autoimmunity in SjS.

Several investigations (19-21) of the TCRgene expression
in animal models for T cell-mediated autoimmune diseases,
such as experimental allergic encephalomyelitis and collagen-
induced arthritis, have also demonstrated that the TCRgene

usage involved in autoimmunity was restricted. In the case of
experimental allergic encephalomyelitis, the administration of
a MAbspecific for the predominant V,38 molecules resulted in
nearly complete prevention of the disease (19, 20). In addition,

the vaccination of a synthetic peptide encoding for the hyper-
variable region of V38 regions protected against encephalitis
(22). Therefore, our results may indicate a new therapeutic
approach to autoimmune diseases such as SjS by means of the
selective elimination of predominant T cells in involved tis-
sues by anti-TCR antibodies or the vaccination of peptides
for TCR.
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