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SUMMARY

Autoreactive a,@ T cells have been implicated as playing a primary pathogenic role in a group of
diseases characterized by chronic muscle inflammation known as the idiopathic inflammatory
myopathies (IIM). 'y6 T cells, a distinct and enigmatic class of T cells, play a less certain role in a

variety of human autoimmune diseases including the IIM. In an attempt to understand the
significance of -yS T cells in the IIM, we utilized a sensitive polymerase chain reaction (PCR)
technique to evaluate 'yS T cell receptor (TCR) gene expression in 45 muscle biopsies obtained from
42 IIM patients (17 polymyositis, 12 dermatomyositis, and 13 inclusion body myositis). -yb TCR
gene expression was not detected in 36 specimens, the majority of muscle biopsies surveyed. -yb

TCR gene expression by muscle-infiltrating lymphocytes was detected among nine clinically
heterogeneous patients. We further analysed the junctional sequence composition of the V'y3
and V61 transcripts, whose expression was prominent among 'yb positive patients. DNA sequence

analysis of V'y3 amplification products from two patients revealed the presence of several
productively rearranged transcripts with amino acid sequence similarities within the V-y3-N-J-y
junctional domain. No amino acid sequence similarities were evident within the V6-N-Db-N-JS
region ofV61 transcripts amplified from four patients, although a distinct and dominant clonotype
was detected from each patient. Our cumulative data suggest that unlike a'3 T cells, -yb T cells do
not play a prominent pathologic role in the IIM. In fact, the sporadic nature of ^y6 TCR gene

expression detected among these patients implies that Ey T cell infiltration, when it occurs, is a

secondary event perhaps resulting from non-specific inflammatory processes.
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INTRODUCTION

The idiopathic inflammatory myopathies (TIM) are a group of
heterogeneous diseases characterized by chronic lymphocytic
infiltration in muscle [1,2]. While the etiologies of these
disorders are unknown, both genetic and environmental fac-
tors may be involved in the initiation of muscle inflammation
[3,4]. Considerable evidence supports a role for humorally and
cell-mediated immune dysfunction in the maintenance of
persistent myositis [5,6].

The heterogeneity of the IIM is reduced by dividing patients
into more homogeneous groups based upon their clinical,
serologic, and histopathologic features. Approximately one-

third of patients with the most frequent forms of myositis,
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1995 Blackwell Science

polymyositis (PM) and dermatomyositis (DM), have disease-
specific autoantibodies which recognize as antigens one of
several cytoplasmic ribonucleoproteins which participate in
protein biosynthesis (reviewed in [7]). These myositis-specific
autoantibodies (MSAs) are useful in defining homogeneous
subgroups of IIM patients which share many epidemiologic,
clinical, prognostic, and immunogenetic features [4,7]. In
addition, immunohistochemical examination of muscle biop-
sies suggests that distinct etiopathogenic mechanisms may be
operating in different clinical groups of IIM patients [8]. In DM
patients, the detection of increased numbers of helper T
(CD4+) and B lymphocytes within perivascular regions of
muscle and the localization of complement membrane attack
complex in vascular endothelium emphasize the importance of
humorally mediated immunopathology in these patients [8]. In
contrast to DM, in PM and inclusion body myositis (IBM)
patients, immunohistologic studies support a primary role for
autoreactive CD8+ cytotoxic T cells [8,9]. In these patients,

519



T. P. O'Hanlon et al.

large numbers of cytotoxic T cells and macrophages, localized
primarily within endomysium, are observed surrounding and
invading non-necrotic muscle fibres that express elevated levels
of MHC class I antigens. These observations are consistent
with a primary MHC-restricted, antigen-driven T cell response
[9].

In humans, CD4+ and CD8 + T lymphocytes bearing func-
tionally rearranged af T cell receptors (TCR) comprise the
majority of CD3 + T cells in peripheral blood and lymphoid
tissues. In some instances, ca/3 T cells play a primary role in
mediating experimentally induced and spontaneous forms of
autoimmunity [10,11]. In addition, a unique class of CD3 + T
cells bearing distinct TCR, termed -y6, have been associated
with a variety of human autoimmune diseases [12-18]. -y6 T
cells are enigmatic in that despite representing an appreciable
proportion (0-5-16%) of circulating CD3+ T cells, their
physiologic role remains unclear [19]. -y6 T cells are localized
primarily within lymphoid organs and epithelial tissues where
they are thought to react against commonly encountered
bacterial antigens [19,20]. Antigenic ligands that may stimulate
oy6 T cells include various components of mycobacterial
extracts, heat shock proteins (hsp), and allogeneic MHC
determinants [19]. iy6 T cells, like their a: counterparts,
express clonotypically rearranged TCR and possess inducible
cytotoxic potential. Interestingly, most H6 T cells are CD4-/
CD8- and lack the classical patterns of MHC-restricted peptide
antigen recognition associated with ar,3 T cells. It has been
suggested that -yb T cells may utilize an alternative class of
unconventional antigen-presenting molecules, or may simply
lack a need for conventional antigen processing [19,21].

In contrast to ad3 TCR genes, the -yb TCR germ-line
repertoire of variable (V) gene sequences is small [20,22]. A
total of nine functional V-y (designated 1.2, 1.3, 1.4, 1.5, 1.8, 2,
3, 4) and six V6 (designated 1-6) gene segments have been
described in humans [22] (nomenclature according to [23]).
Despite these limitations, the expressed Oy6 TCR repertoire is
large, owing to extensive N-region modifications and the inclu-
sion of one or more diversity (D) gene segments in a single 6-
chain rearrangement [22]. Curiously, the vast majority of
circulating -y6 T cells (50-90%) express a diverse array of TCR
sharing V7y2 and V62 gene rearrangements, a bias believed to
result from extrathymic selection by commonly encountered
mycobacterial antigens [22].

Considerable attention has focused on the role autoreactive
ca3 T cells and their clonotypic receptors play in promoting
chronic inflammation in humans. Recent reports by our

laboratory suggested that restricted patterns of ar3 TCR gene
expression may correlate with particular clinical and serologic
(i.e. MSA) groups of IIM patients [24,25]. Likewise, similar
studies describing restricted patterns of H6 TCR gene expres-
sion suggest an important role for y6 T cells in many human
autoimmune diseases such as multiple sclerosis [13,16,26] and
rheumatoid arthritis [12,17,27,28]. Unfortunately, many of
these studies have yielded conflicting data on the extent and
nature of -y6 TCR expression in inflammatory lesions
[15,16,19,28-31]. In the IIM, immunohistochemical analyses
of muscle biopsies suggest that 'yb T cells are an infrequent
component of lymphocytic infiltrates among most patients
surveyed [9,32]. One interesting exception is that of a single
PM patient from whom a prominent -y6 T cell muscle infiltrate
was observed [33]. Molecular characterization of -y TCR gene

expression in this patient revealed an apparently restricted
profile of -y6 TCR gene expression, suggesting a pathologic
role for these T cells [34]. In order to investigate further the role
of y6 T cells in the IIM, we have utilized a sensitive polymerase
chain reaction (PCR) approach to define the profile of Hy TCR
gene expression in muscle biopsies of 42 clinically and serolo-
gically defined IIM patients. We hypothesized that if oyb T cells
play a primary pathogenic role in the IIM, we would detect H6
TCR gene expression in a majority of patients' biopsies.

PATIENTS AND METHODS

Patients and clinical material
All patients were evaluated at the Warren Grant Magnuson
Clinical Centre of the National Institutes of Health, and met
criteria for probable or definite PM, DM, or IBM [4,35].
Autoantibody determinations were performed by standard
methods [4]. Each patient was assessed clinically for disease
activity using a 0-4 scale, where 0 = no clinical evidence of
active myositis and 4 = extremely active myositis [36]. Skeletal
muscle biopsies were taken from clinically affected sites, frozen
in isopentane immersed in liquid nitrogen, processed for
routine histochemistry, and preserved in liquid nitrogen until
sectioned in a cryostat for the studies described below.

RNA extraction, cDNA synthesis and PCR amplification
Total RNA was extracted from muscle biopsies (a total of 10
serial 10-pm sections per biopsy) by the acid-phenol guanidi-
nium thiocyanate method [37]. RNA from approximately 106
peripheral blood lymphocytes (PBL) was similarly extracted
from a healthy donor to serve as an assay control. For cDNA
synthesis, purified total RNA (1-0 tig) served as substrate for
random-primed reverse transcription according to the Gen-
eAmp RNA PCR protocol (Perkin-Elmer Cetus, Norwalk,
CT). The cDNA product was utilized for individual PCR
amplifications with one of six different 5' TCR V-y or six
different 5' TCR V6 gene family-specific primers and either a

3' TCR C-y or C0 gene primer according to established methods
[24]. The 7y6 TCR gene family-specific primers utilized in
this study were: V^y1.2, 5' TACGCAAGCACAAGGAAC 3';
V-y1.2/1.4, 5' GCTGAAGGAAGTAACGGC 3'; Vyl.8, 5'
GGGAAGAGCCTTAAATTT 3'; V-y2, 5' AGACCTGGT-
GAAGTCATA 3'; V-y3, 5' AGTATTGACATACCTTGCA-
AG 3'; V-y4, 5' CTGGTAGTAGCTGTTATC 3'; Cyl/2, 5'
AGTCTTCATGGTGTTCCCCTCCTG 3'; V61, 5' ACTCA-
AGCCCAGTCATCAGTA 3'; V62, 5' TCTGGGCAG-
GAGTCATGT 3'; V63, 5' GCGAGTGGCAGTGAGGTG
3'; V64, 5' GACACCAGTGATCCAAGTT 3'; V65, 5' AAC-
AGCATGTTTGATTAT 3'; V66, 5' TATCATGGATTCCCA
3'; C, 5' TGTCTTCACTTCAAAGTCAGTGGA 3' [12,31].

PCR was performed using the Perkin-Elmer Cetus Gen-

eAmp DNA thermal cycler 9600 for 30 (PBL) or 35 (muscle
biopsy) cycles using a three-step PCR programme (denatura-
tion, 940C for 20 s; annealing, 550C for 20 s; extension, 720C for

15 s). PCR performed in the absence of cDNA template served

as a negative control. A positive PCR control consisting of

amplification of the phosphofructokinase gene (5' primer =
GGTATGAATGCTGCTGTCAGGGCTG; 3' primer = AG-

TCGGTCAACCGGACGAACTACAAG) was routinely

(C) 1995 Blackwell Science Ltd. Clinical and Experimental Immunology, 100:519-528
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performed. Control PCR confirmed reagent and cDNA integ-
rity and assured that approximately equivalent amounts of
cDNA were utilized for -yb TCR V gene analysis (data not
shown).

DNA analysis
PCR amplification products were size-fractionated in 2-0%
agarose gels and electrotransferred to nylon membranes. DNA
blots were alkaline-denatured, then hybridized with correspond-
ing TCR Cy- or CS-horseradish peroxidase (HRP)-conjugated
oligonucleotide probes (Biopolymer Labs, Inc., Camden, NJ),
and finally developed using enhanced chemiluminescent detec-
tion (Amersham Corp., Arlington Heights, IL) [31]. Developed
blots were immediately exposed to autoradiographic film for 2-5
min; additional exposures (10-30 min) were routinely performed
to detect lower levels of -y6 TCR V gene amplification products.
All positively hybridizing bands corresponded with predicted 7y6
TCR V gene amplification products (range 300-650 bp).

TCR junctional sequence analyses
TCR V-y3 and V61 amplification products were size-
fractionated by 2-0% agarose gel electrophoresis, stained with
ethidium bromide, and purified using the Qiaex agarose gel
extraction protocol (Qiagen Inc., Chatsworth, CA). Bound
DNA was eluted in 50 ,ul dH2O, ligated within the pCR II T/
A cloning vector, and subsequently used to transform bacterial
cells as described by the manufacturer (Invitrogen, Inc., San
Diego, CA). Independent recombinants were identified by
antibiotic selection and the 3-galactosidase colorimetric
assay. Individual bacterial colonies were grown overnight in
1 -0-ml culture and screened subsequently by DNA blot hybri-
dization using TCR C-y6-HRP probes as described above.
Plasmid DNA was purified from positively hybridizing bacter-
ial lysates using Qiaex silica matrix and eluted in 30 IL dH2O.
One-half of the plasmid preparation was utilized for double-
stranded DNA sequencing (Sequenase (v.2) protocol) with the
corresponding variable and constant gene primers described
above (Amersham). A total of 10 independent Vy3 or V61
positive clones were sequenced from each of the selected
patients. Patients were chosen for TCR DNA sequence analy-
sis based upon the availability of sufficient quantities of TCR
V-y3 and V61 PCR products to permit efficient ligation within
the pCR II T/A cloning vector. Nucleic acid and protein
sequence comparisons were performed using PCGENE sequence
manipulation software (Intelligenetics Inc., Mountain View, CA).

RESULTS

Patient data
Table 1 lists selected data on the 17 PM, 12 DM, and 13 IBM
patients from whom muscle biopsies were studied, including
race, gender, age at muscle biopsy, clinical diagnosis, MSA,
disease duration at time of biopsy, serum creatine kinase (a
clinical laboratory marker of disease activity), and subjective
clinical score. Three independent muscle biopsies were obtained
for patient 4 (designated as 4-1, 4-2, and 4-3) over a 29-month
period. Two independent muscle biopsies from patient 12
(designated 12-1 and 12-2) were obtained over a 10-month
period. In addition, PBL from a healthy individual were used as

a positive control for 76 TCR V gene typing assays. The a,3

TCR repertoire expressed in most ofthese patients' biopsies has
been previously described [24,25].

TCR V-y and VS gene expression
Under the PCR conditions employed in this study, the entire
TCR VWy and VS gene family repertoire surveyed was detected
in PBL from a heathly donor (Fig. 1). TCR V-y4, V63, and V54
gene family expression were weaker in signal intensity than
other TCR families, but were clearly present in PBL samples as

demonstrated by longer film exposures. Weak amplification
signals associated with particular TCR V-y and VS gene families
are characteristic and are the result of their infrequent expres-

sion in human PBL [20,38]. Given the sensitive, albeit qualita-
tive, nature of the PCR assay used in this study, the consistent
detection of the entire TCR repertoire in control PBL samples
served to verify the integrity of the reagents and TCR primer
sequences used in the assay. In contrast, a smaller number of yS

TCR V gene families, which varied from patient to patient, was
detected in muscle biopsies (Fig. 1, patients 13 and 26 were

chosen to illustrate representative patterns of y6 TCR V gene

detection). No -yb TCR V gene amplification products were

detected using identical experimental conditions on normal
muscle obtained from two individuals without IIM (data not
shown).

Table 2 summarizes the range and variability of y6 TCR V
gene family detection in muscle biopsies from 42 IIM patients
(17 PM, 12 DM, and 13 IBM). Collectively, a heterogeneous
pattern of yb TCR V gene family expression was detected in the
patient population. Of the 45 muscle biopsies surveyed, ys TCR
gene rearrangements were detected from only nine patients
(patients 2, 10, 13, 17, 18, 19, 20, 26, and 31). The remaining
muscle biopsies were either negative (n = 23) or contained only
TCR -y gene rearrangements (n = 13), a pattern consistent with
the detection of non-functional (i.e. out-of-frame) 'y-transcripts
derived from ca,3 T cells [31,39-41]. ac3 TCR V gene expression
was previously detected in all of the muscle biopsy cDNA
preparations used in the present study ([24,25] and data not
shown). As a control, a second round of TCR VS gene family-
specific PCR, performed at 40 cycles, confirmed the absence of
VS gene expression in those patients expressing only TCR -y

gene rearrangements (data not shown).
Although the number of patients studied was small, there

were no apparent associations among the number or type of -yS

TCR V gene families expressed by muscle-infiltrating lympho-
cytes and the patients' race, gender, age, clinical diagnosis,
serologic status (i.e. MSA), duration of myositis, or disease
activity. Analyses of patients 4 and 12, from whom serial
biopsies were available, revealed a consistently negative pat-
tern of -yS TCR V gene expression over a 29- and 10-month
period, respectively.

TCR junctional sequence analyses
We next analysed the junctional sequence composition ofTCR
V~y3 transcripts whose expression was frequently detected
among the -yS TCR-positive muscle biopsies identified. TCR
V-y3 amplification products derived from muscle biopsies of
two IIM patients (patients 2 and 26) were cloned into a plasmid
vector and 10 independent recombinants from each patient
were analysed by DNA sequencing in order to assess the
clonotypic heterogeneity of muscle-infiltrating lymphocytes.
As shown in Fig. 2a, a heterogeneous collection of V-y3

() 1995 Blackwell Science Ltd. Clinical and Experimental Immunology, 100:519-528
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Table 1. Selected clinical data on the 42 idiopathic inflammatory myopathy (IIM) patients studied

Clinical Myositis-specific Disease Creatine kinase Clinical
Patient no. Race/gender/age* diagnosis autoantibodyt duration (years)t (U/i )t§ scoret§

2
3
4-1
4-2
4-3
5
6
7
8
9
10
11
12-1
12-2
13
14
15
16
17

18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37
38
39
40
41
42

W/F/40
B/F/30
W/F/29
W/F/39
W/F/40
W/F/41
W/F/34
W/F/34
W/F/45
W/M/41
W/F/31
B/F/29
W/M/57
B/F/25
B/F/26
B/F/53
B/F/45
B/F/41
B/F/23
W/M/36

W/F/62
W/M/36
W/F/37
W/F/43
B/M/48
W/F/57
W/F/25
W/M/48
B/F/47
W/F/75
B/F/57
B/F/44

W/F/71
W/F/67
W/M/41
W/F/53
W/M/58
W/M/62
W/M/36
W/F/62
W/F/46
W/M/67
W/M/58
W/M/59
W/F/54

PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM
PM

DM
DM
DM
DM
DM
DM
DM
DM
DM
DM
DM
DM

IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM
IBM

Jo-i
Jo-l
Jo-l
Jo-i
Jo-i
Jo-i
Jo-i
Jo-I
Jo-i
Jo-I
SRP
SRP
SRP
SRP
SRP
SRP
SRP
SRP
SRP
MAS

Jo-i
Jo-i
Jo-i
Jo-i
Jo-i
Jo-i
Jo-i
Mi-2
Mi-2
OJ
PL-7
PL-12

5-8
4-8
5-0
4-2
5.5
6-1
0-1
2-8
03
6-6
5-0
2-0
2-2
3-0
3-8
2-1
2-6
1-4
2-6
1-3

20
1-4
1-1
4-2
6-2
5-2
1-6
0-6
3-7
0 1
0-4
3-2

9.5
10-1
1-3
30
8-5
9 1
9-6
7-8
7-2
8-0
28
8-1
1-6

55
942
6300
165

1
Not available

23 500
1425
300
1110
518

12080
4020

15 000
Not available

3815
1791

13362
2662

80

5300
2355
1387
4786
3794
614

12 388
4505
950
3600
395
642

156
294
1167
711
927
1654
2120
1598
5500
271
94

1000
6292

2
2
1
0
0
3
2
1
2
2
4
2
3

3
2
3
2
0

3
2
2
3
2
1
3
3
2
3
2
2

2

1
1

2

3
1

1

2

* W, White; B, Black; M, male; F, female/age at biopsy (years).
t Jo- 1, Anti-histidyl tRNA synthetase autoantibodies; SRP, autoantibodies directed against signal recognition particle proteins; MAS,

autoantibodies directed against an unidentified cytoplasmic RNA; Mi-2, autoantibodies directed against unidentified nuclear proteins; OJ, anti-
isoleucyl tRNA synthetase autoantibodies; PL-7, anti-threonyl tRNA synthetase autoantibodies; PL-12, anti-alanyl tRNA synthetase autoanti-
bodies; -, MSA negative.

t At time of biopsy.
§ Normal range: F, 38-252; M, 52-386.
¶ Clinical score: 0-4 as defined in Patients and Methods.

© 1995 Blackwell Science Ltd, Clinical and Experimental Immunology, 100:519-528
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TCR 1W

1 2 3 4 5 6

Fig. 1. Representative 7y6 T cell receptor (TCR) polymerase chain reaction (PCR) analyses of idiopathic inflammatory myopathy (TIM)
patients. Shown are results illustrative of the ty6 TCR V gene family detection assay in muscle biopsies from two IIM patients (patients
13 and 26). cDNAs were analysed for the expression of six different V-y and six different V6 TCR gene families as described in Patients
and Methods. Analysis of peripheral blood lymphocytes (PBL) from a healthy donor served as a positive control for detection of the
entire -y6 TCR V gene repertoire surveyed. The sizes of positively hybridizing bands corresponded with the sizes of amplification
products predicted for the respective V gene families (range 300-650 bp). In the PBL sample, the TCR V-y4, V63, and V64 signals were
weaker in intensity than other Hy6 TCR V gene families, but were clearly detected by longer film exposures. The presence of multiple
signals of different sizes seen after some TCR amplifications may result from aberrantly rearranged, non-functional TCR transcripts,
single-stranded DNA products generated by unreciprocal PCR, and widely varying CDR3 lengths resulting from the use of one or

more D6 gene segments in a single 6-chain rearrangement. A6 TCR signals were not detected from identical analyses performed on

normal muscle obtained from two individuals without TIM (data not shown).

clonotypes (i.e. independently rearranged TCR genes) was

detected. A total of 12 distinct clonotypes were identified
among the 20 independent recombinants (10 per patient)
randomly chosen for analysis. Several of the V7y3 clonotypes
displayed non-productive (i.e. out-of-frame) TCR rearrange-
ments and were presumably derived, at least in part, from
muscle-infiltrating ao3 T cells. Most V'y3 transcripts identified
were productively rearranged (i.e. in-frame) and encoded
structurally similar V-y3-N-J-y polypeptide domains, a region
typically associated with antigen recognition (Fig. 2b) [42,43].
For example, two productive V-y3 clonotypes differed by only a

single amino acid residue within the N-region despite more

extensive sequence variation at the nucleotide level. Also,
limited N-region amino acid sequence similarities were noted
among three additional clonotypes isolated from these patients
(Fig. 2b). For comparison, a similar analysis was performed on

V-y3 amplification products derived from normal PBL In
contrast to the findings in muscle-infiltrating lymphocytes,
PBL showed a more heterogeneous profile of predominately
non-productive Vy3 transcripts consistent with the prevalence
of a:3 T cells in peripheral blood.

A similar analysis of clonotypic heterogeneity was per-

formed on TCR V61 amplification products derived from
muscle biopsies of four IIM patients (patients 2, 17, 20, and
26). The nucleotide sequences of the V6-N-D6-N-J6 junc-
tional domain are illustrated for the five distinct clono-
types detected among these patients (Fig. 3a). All of the V61
clonotypes identified were productively rearranged and
detected at high frequencies (number of identical TCR clono-
types detected per 10 independent recombinants analysed). As
shown in Fig. 3b, the V61 clonotypes amplified from muscle-
infiltrating lymphocytes share little or no obvious primary
amino acid sequence similarity within the V6-N-D6-N-J6
domain. One possible exception is patient 26, where some

limited sequence similarity was noted within the typically
hypervariable N-D6-N region. As anticipated, a similar analy-
sis of V61 transcripts amplified from normal PBL revealed a

more heterogeneous array of productively rearranged tran-
scripts. In PBL, the detection of particular V61 clonotypes at
higher frequencies may reflect restricted patterns of V61 gene

expression commonly detected in PBL of healthy individuals
[44].

1995 Blackwell Science Ltd. Clinical and Experimental Immunology, 100:519-528
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Table 2. Summary of oyb TCR V gene detection in muscle biposies of idiopathic inflammatory myopathy (IIM) patients*

TCR Vy TCR V6

Patient no. 1-2 1-2 1-8 2 3 4 1 2 3 4 5 6
1-4

+

+

+

+

+

+

+

+

+

+

* Patients' biopsies were analysed by the -y6 TCR V gene family-specific polymerase chain reaction (PCR) methodology illustrated in Fig. 1.

DISCUSSION

Autoreactive T cells are thought to play a primary etiopatho-
logic role in many human autoimmune diseases including the
IIM [9-11]. Consistent with this idea, biased or restricted patterns
of ca3 TCR gene expression have been identified within inflamed
tissues [45,46]. Similarly, we and others have found restricted
patterns ofa,3TCR gene expression in particular clinical and sero-

logic groups ofIIM patients [24,47]. Recently, several investigators

have suggested that Ay T cells, a distinct subset of circulating
CD3+ T lymphocytes, play a prominent role in a variety of
human autoimmune diseases [12-18]. The implications of these
findings are confounded by contradictory descriptions of Ay6
TCR usage among groups of patients sharing a common clinical
syndrome [15,16,19,28-31]. Consequently, it remains question-
able whether the recruitment of -y6 T cells to inflammatory
lesions is of primary etiopathogenic importance or represents a

secondary component of inflammatory processes.

Blackwell Science Ltd, Clinical and Experimental Immunology, 100:519-528
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(a)

Patient no. Vy3 N

2 GCTGCGTG
GCTGCGTOG
GCTGCGTGG
GCTGCGTGGT
GCTGCGTOG
GCTGCGTOG
GCTGCGTGG
GCTGCGTOG

26 GCTGCGTOG
GCTGCGTOG
GCTGCGTGG
GCTGCG

PBL GCTGCGTGG
TACTGT
GCTGCGTOG
GCTGCGTGG
GCTGCGTGG
GCTGCGTOG
GCTGCGTGG
GCTGCGTGG

(b)

Patient no. Vy3

2
26
26
2
2
26

AAW
AAW
AAW
AAW
AAW
AA

GATCGGGTAC CTGIITTGGTrCAGATA
GATAGGGGGTAAT ACCACTGGTGGTTCAAGATA
GATCCCGAG CTGTTGGTTCMGATA
CCC GTTGGTTCMGATA
GACCTG MTTATTATAAGAAACTCMGGC
GATGMAAGGGG TTATTATMGMACTC1TTGGC
GAGCTTG MTTATTATAAGMACTC TGGC
GATTCTA CTTTGGC

0G0117 MTTATTATAAGACTCTTGGC
GCCTT MATTATATAAGMACTC1TTGGC
GCCCGGGTGGGG TATMGMACTCTGGC
GG1TTTACG GGTTGGTTCMGATA

GAGCCCCCCTTMGT CTC I1GGC
CCATGC ATTATTATAAGAMACTC1TTGGC
GATTTCGCGGG TTATTATMGMACTCT1TGC
GA1TTIG MTTATTATAAGMACTCTTTGGC
GG AATTATTATAAGMACTCTTTGGC
GGCCTT TrATMGAAACTCMTIGGC
GAlTGGT ACCACTGGTTGGTTCMGATA
GATTAGMGGAGGA GTrGGTTCMGATA

N

DL
GL

ARJYG
SR
GF

Jy

NYYKIKLFGSGTTLVVT
NY 8LFGSGTTLVVT

CaFGSGTLVVT
GWFKIFAUGTKLIVTSP
WFXIFAUGTKLIVTSP

TGWFKIFAZGTKIVTSP

(1.1)
(1.1)
(1.1)
(1.1)
(1.3)
(1.3)
(2.3)
(2.3)

Fig. 2. Junctional sequence analysis of T cell receptor (TCR) V73 transcripts from muscle-infiltrating lymphocytes. (a) TCR V-y3
amplification products derived from patients' muscle biopsies were cloned into a plasmid vector and analysed by DNA sequencing as

described in Patients and Methods. Nucleotide sequence alignments of Vy3 clonotypes isolated from two idiopathic inflammatory
myopathy (IIM) patients (patients 2 and 26) are shown. A schematic of a rearranged TCR -y-chain gene (V'y-N-J-y) is positioned above
the alignment. The identity of germ-line J'y gene family members (listed in parentheses) and the frequency of detection of each TCR
clonotype (number of identical TCR clonotypes identified per 10 independent recombinants) are indicated to the right of the
alignment. Productive (+, in-frame) and non-productive (-, out-of-frame) gene rearrangements are designated to the right of the
alignment. A similar analysis of peripheral blood lymphocyte (PBL)-derived V-y3 gene rearrangements isolated from a healthy donor is
illustrated at the bottom of (a). (b) Amino acid sequence alignments of functionally rearranged TCR V-y3 clonotypes derived from
muscle biopsies of patients 2 and 26. Sequences are aligned to correspond with the respective V-y3, N-region, Jy, and &y gene segments
illustrated at the top of (b). A single amino acid sequence difference between two clonotypes isolated from patients 2 and 26 is
highlighted in bold. Amino acid residues shared among individual V^y3 clonotypes within the N-region are underlined. The assignment
of germline V-y3 and J7 junctional sequence borders is based upon previously published reports [54,55].

In the current study, we used a sensitive PCR technique to
examine the extent and nature of -y6 TCR gene expression in
muscle biopsies from 42 IIM patients (17 PM, 12 DM, and 13
IBM). Previous reports have described the utility of MSA
distinctions in defining groups of IIM patients who share
many clinical, epidemiologic, prognostic, and immunogenetic
features [4,7,24]. We hypothesized that if 76 T cells played a

primary pathogenic role in a particular clinical and/or serologic
subgroup of patients or in the IIM in general, we would detect
-yb TCR gene expression in most of those patients' biopsies. Our
collective analysis of y6 TCR V gene expression did not indicate
a prominent role for y6 T cell infiltration among these patients.
In fact, -y6 TCR rearrangements were detected from only nine
patients among the 45 muscle biopsies surveyed (Table 2). No
evidence of y6 TCR gene expression was detected from 23
muscle biopsies, while an additional 13 biopsies contained only
TCR -y-chain rearrangements, a pattern consistent with the
expression of non-productive 7y-chain transcripts from a,& T

cells [31,39-41]. Indeed, ca3 TCR gene expression was pre-

viously detected in all of the muscle biopsy cDNA preparations
used in the current study ([24,25] and data not shown). PCR-
based analyses of -y6 TCR gene expression must be interpreted
cautiously when c,3 T cells are known or suspected to be
colocalized within a given clinical specimen. Hence, 7y6 TCR
PCR studies are often focused on 6-chain rearrangements, as

these genes are physically deleted or transcriptionally silenced
in most a/3 T cells [22,48]. Altogether, our molecular survey of
76 TCR gene expression is consistent with previous immuno-
histochemical and cell culture studies that showed y6 T cells
were seldom detected in muscle biopsies of IIM patients
[32,33]. Moreover, the lack of any unifying demographic,
clinical, or serologic features (i.e. MSAs) among the nine
patients from whom y6 TCR rearrangements were detected
suggests a more sporadic pattern of -yb T cell infiltration in
the IIM, perhaps consistent with a secondary inflammatory
event.
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Patient no. V8 N - D01 - N - D62 - N - D83 - N
gaaatagt cctcac actgggggatacg

2 (Vb 1) GGGGA

17 (V6 1) GGGGAAC

CCCCCCrrGTCCCTCTCCTCGCCGTACTGCCMCCGACCATATMGG

CCGCCCTCCATCCTrCCT

20 (V8 1) GGGGAA GGCCTTCCTTCTTACTGGGGGATACGGG

26 (V61) GGGGAACT CGGAGCCITITACTCCTTGGG¢GATACTCTACGACMAGGT
(V61) GCAAAG GAAAGAGGTGGCGGACTGGGGGATACTCMGGGT

PBL (V61)
(Va1)
(V61)
(Va1)
(Va 1)

Patient no.

GGGGAA
GGGGAA
GGGGAA
GGG
GGGGAACT

GGCGTACCCTCCCTCTACTGGGGGAAAG
TIGTACCCTCCCCCCTGGATAGGGT
AGTTGGGGACTCCCACTGGGGGATGCGT
ITCCTCTATGGATATGGGGGATGCGCAGCCCAGT
ATCTAACTCGGGGTACTGGGOTCTM

V6 N-D61-N-DM2-N-DM3-N Ja

CCGATMACTC (J81) + 10/10

ACACCGATMACTC (J61) + 10/10

CCGATMACTC (J61) + 10/10
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CCGATAAACTC (J61)
ACACCGATAAACTC (J&1)
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ACACCGATAMCTC (J61)
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DPPCPSPRRTANRPYKA
LGAFYSL2TQLRQRY
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GLGSYWGIRA
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(J61) RSQ
(Ja1) RSO
(J81) RSQ
(Jai) RSQ
(Ja1) RSO

Fig. 3. T cell receptor (TCR) junctional sequence analysis of V51 muscle-infiltrating lymphocytes. (a) TCR V61 amplification products
derived from patients' muscle biopsies were cloned into a plasmid vector and analysed by DNA sequencing as described in Patients and
Methods. Nucleotide sequence alignments of V61 clonotypes isolated from four idiopathic inflammatory myopathy (IIM) patients
(patients 2, 17, 20 and 26) are shown. A schematic of a functionally rearranged TCR 6-chain gene (VW-N-D&-N-JM) is illustrated above
the alignment. The identity of germ-line J6 gene family members (listed in parentheses) and the frequency of detection of each TCR
clonotype (number of identical TCR clonotypes identified per 10 independent recombinants) are indicated to the right of the
alignment. Productive (+, in-frame) and non-productive (-, out-of-frame) gene rearrangements are designated to the right of the
alignment. A similar analysis of peripheral blood lymphocyte (PBL)-derived V61 gene rearrangements isolated from a healthy donor is
shown at the bottom of (a). Junctional nucleotides resembling germ-line D6 gene sequences (lower case) are highlighted in bold. (b)
Amino acid sequence alignments ofTCR V61 clonotypes isolated from patients' muscle biopsies. Sequences are aligned to correspond
with the respective Vb 1, N-D6-N region, J6, and C6 gene segments diagrammed at the top of (b). Primary amino acid sequences shared
among individual V61 clonotypes isolated from patient 26 are underlined. V61, D6, and J6 germ-line junctional sequence borders are

designated according to published reports [56,57].

Although no particular -y6 TCR V gene family was consis-
tently detected among the nine -y6 TCR-positive biopsies
identified, it was noted that the TCR V^y3 and V61 gene

families were frequently detected (Table 2). This observation
was interesting because V-y3 and V61 T cells generally comprise
a minor proportion of -y6 T cells in the peripheral blood of
normal individuals [20,38,49]. Therefore, we analysed the
junctional sequence composition of V-y3 and V61 gene rearran-

gements amplified from muscle-infiltrating lymphocytes of -y6

TCR-positive patients. Despite the detection of non-productive
(i.e. out-of-frame) V-y3 rearrangements from patients 2 and 26,
a pattern consistent with that obtained from a similarly
analysed PBL control, several productive -y-chain clonotypes
were detected (Fig. 2a). Interestingly, an amino acid sequence

alignment of these productive clonotypes revealed limited
sequence similarity within the V-y3-N-J-y domain, a region
perhaps associated with antigen recognition by -y6 T cells
(Fig. 2b) [42,43]. In one instance, two independent clonotypes
(i.e. independently rearranged TCR genes) isolated from two
different patients (one PM and one DM) differed by only a

single amino acid residue within the N-region. Similar analyses
of V61 transcripts amplified from muscle biopsies of four

patients (two PM and two DM) identified a limited number
of productive clonotypes detected at high frequencies (Fig. 3a).
While the dominance of particular V61 transcripts detected
from patients' muscle may indicate the clonal expansion of a

limited number of muscle-infiltrating 7y6 T cells, such data must
be interpreted cautiously, as a sparse or focal lymphocytic
infiltrate may contribute to restricted patterns of TCR hetero-
geneity [18]. In general, no primary amino acid sequence

similarity was noted among these V61 clonotypes. The implica-
tions of these findings remain unclear. One interpretation of
these data is that in a minority of patients, infiltrating -y6 T cells
may react with antigens associated with the inflammatory
response in muscle. -y6 TCR gene expression has been detected
in other chronic inflammatory diseases such as multiple sclero-
sis [13,16], pulmonary sarcoidosis [14], systemic sclerosis [18],
and rheumatoid arthritis [12,27,50], as well as in other patho-
logic conditions [40,51]. To date, little is known about the
nature of 7y6 TCR antigen recognition or the antigens to which
-y6 T cells respond. It has been hypothesized that infiltrating 7y6
T cells may react with mycobacterial-related antigens such as

hsp or other stress-related proteins whose expression are often
enhanced within inflammatory lesions [19].
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While our cumulative findings indicate that -y6 T cell
infiltration in muscle is not prevalent among IIM patients in
general, an exception has been reported by Hohlfeld et al. [33],
in which a prominent -ye T cell muscle infiltrate was observed
from a single PM patient. The authors subsequently identified
an apparently restricted class of -y6 transcripts (Vyl .3-J-yl and
V62-Je3) whose expression is generally less common in the
peripheral blood of healthy individuals [9,34]. Moreover,
hsp65, a heat shock protein putatively recognized by Ay TCR,
has been identified on the cell surface of muscle fibres in this
and other IIM patients [32,52]. A recent report has also
described prominent V-yl.3 gene expression within the syno-
vial fluid of rheumatoid arthritis patients, although no anti-
genic link with hsp65 was established [53]. While our initial
survey of -y TCR gene expression did not include the V-y1.3
gene segment, we have subsequently analysed our patients for
TCR V^y1.3 gene expression using a recently published primer
sequence specific for the related V-yl.3/1.5 genes [53]. We did
not detect V-yl.3/1.5 amplification products in the muscle
biopsies of our IIM patients, although Vyl.3/1.5 transcripts
were clearly present in PBL from a normal donor (data not
shown). These observations further attest to the apparently
sporadic nature of y6 T cell infiltration among IIM patients
overall.

In conclusion, our data suggest that -y6 T cells do not play a
primary etiopathogenic role in the TIM. In fact, we did not
detect -y6 TCR gene expression by muscle-infiltrating T cells
from the majority of clinically active IIM patients surveyed.
Our molecular survey of -y6 TCR gene expression agrees with
previous studies that describe infrequent ye6 T cell infiltration of
muscle in myositis patients [32,33]. The detection of -yS TCR
gene rearrangements in a small number of clinically and
serologically heterogeneous TIM patients supports the idea
that a secondary recruitment of ^ye T cells may follow the
initial inflammatory event. In these patients, y6 T cells might
conceivably play a pathologic role in response to autoantigenic
stimuli such as heat shock proteins, as has been proposed for
other chronic inflammatory diseases [19]. Alternatively, -y6 T
cells may possibly serve a useful housekeeping' function in
eliminating damaged cells at sites of chronic inflammation [19].
Further studies are needed to define the role of individual
lymphocyte subsets and their target antigens in the pathogen-
esis of these and other chronic inflammatory diseases.
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