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showed significant increase of collagen deposition compared with
wild-type mice [11], suggesting an immunoregulatory role for y/d T
cells. Although initially beneficial, tissue repair processes become
pathogenic when they are not regulated properly, resulting in
substantial deposition of extracellular matrix (ECM) components. In
chronic fibrotic diseases, aberrant healing may lead to fatal organ
failure [12].

Because the precise role of y/d T lymphocytes in fibrosis is not
well understood, the purpose of the present study was to examine
phenotypic and functional abnormalities of y/8 T cells in Japanese
SSc patients. In addition, we assessed whether y/d T cells influence
fibroblasts activation in SSc patients.

2. Materials and methods
2.1. Patients

Blood samples were obtained from 52 Japanese SSc patients (4
males and 48 females). The age (mean =+ SD) of these patients was
56 + 10 years. All patients fulfilled the criteria proposed by the ACR
[13]. SSc patients were grouped according to the classification system
proposed by LeRoy et al. [14]: 22 patients (19 females and 3 males,
age 55 4 13 years) had diffuse cutaneous SSc (dcSSc) and 30 patients
(29 females and 1 male, age 57 + 7 years) had limited cutaneous SSc
(1cSSc). The disease duration of dcSSc patients and [cSSc patients was
2.6 +24 and 7.1 + 10.1 years, respectively.

As disease controls, 13 patients with systemic lupus erythe-
matosus (SLE; 1 male and 12 females; age 34 + 9 years) who
fulfilled the ACR criteria [15] and 6 patients with dermatomyositis
(DM; 2 males and 4 females; age 42 + 12 years) who fulfilled Bohan
and Peter criteria [16,17] were included in this study. Control
samples were obtained from 17 age- and gender-matched healthy
Japanese volunteers (12 females and 5 males, age 44 + 14 years).
Blood samples and clinical and laboratory data were obtained at the
same time. Patients underwent clinical assessments, and involve-
ments of their organ systems were investigated. Skin score was
measured by scoring technique of the modified Rodnan total skin
thickness score (modified Rodnan TSS) [18]. Organ system involve-
ments were defined as described previously [19,20]. The protocol
was approved by the Kanazawa University Graduate School of
Medical Science and informed consent was obtained from all
patients.

2.2. Flow cytometric analysis

Peripheral blood mononuclear cells (PBMCs) were separated
using Ficoll-Paque (Pharmacia Biotech, Uppsala, Sweden) after
centrifugation and washed in phosphate-buffered saline (PBS).
Erythrocytes were depleted by ammonium chloride lysis before
use. Cells were stained in ice-cold PBS supplemented with 5%
bovine calf serum immediately with a combination of a
fluorescein isothiocyanate (FITC)-conjugated Ab, a phycoery-
thrin (PE)-conjugated Ab, and peridinin chlorophyll protein
(PerCP)-conjugated Ab or 7-amino-actinomycin D (7AAD)
(Molecular Probes, Eugene, OR) to examine the number and
frequency of v/ T cells and surface markers on /8 T cells. Abs
used in this study included FITC-conjugated anti-TCRyS (B1; BD
Pharmingen), FITC-conjugated anti-CD45R0O (UCHL1; Beckman
Coulter, Fullerton, CA), FITC-conjugated anti-CD4 (13B8.2;
Beckman Coulter), FITC-conjugated anti-CD8 (B9.11; Beckman
Coulter), FITC-conjugated anti-CD16 (3G8; Beckman Coulter),
PE-conjugated anti-CD3 (UCHT1; Beckman Coulter), PE-conju-
gated anti-CD62L (DREG56; Beckman Coulter), PE-conjugated
anti-CD69 (TP1.55.3; Beckman Coulter), PE-conjugated anti-
CD56 (C5.9; Exalpha Biologicals, Shirley, MA), PerCP-conjugated
anti-CD3 (SK7; BD Pharmingen), Biotin-conjugated anti-TCRy3

(B1; BD Pharmingen). A secondary staining of PE streptavidin
(BD Pharmingen) was performed in combination with biotiny-
lated antibody. Dead and damaged cells were labeled with 7AAD
(Invitrogen Life Technologies, Carlsbad, CA), and were eliminat-
ed from the analysis. Cells were analyzed on a FACScan flow
cytometer (BD Biosciences, San Diego, CA). Absolute number and
frequency of y/d T cells in CD3" cells were calculated from the
absolute lymphocyte counts.

2.3. v/ T cell isolation

v/0 T cells were isolated from PBMC using a magnetic cell
sorting TCRy/d" T cell isolation kit (Miltenyi Biotec, Bergisch
Gladbach, Germany), according to the manufacturer’s recommen-
dations. Briefly, non-y/d T cells (a/B T cells, NK cells, B cells,
dendritic cells, granulocytes, monocytes, stem cells, and erythroid
cells) were labeled using a cocktail of biotin-conjugated Abs and
anti-biotin MicroBeads. The magnetically labeled cells were
depleted by retaining on a magnetic column. After isolation,
>80% of cells were TCRy/3" by flow cytometric analysis. Non-y/d T
cell fraction was used as a control.

2.4. Coculture of y/d T cells and human fibroblasts

v/d T cells isolated freshly from SSc patients and normal
controls were seeded at density of 1 x 10% cells/ml on 96 well plates.
The cells were stimulated with 10 ng/ml soluble anti-CD3 Ab
(eBioscience) and 10 ng/ml IL-2 (BD Pharmingen) for 2 days in
PRMI1640 (Invitrogen Life Technologies) containing 10% heat-
inactivated fetal bovine serum (FBS), 100 U/ml penicillin (Invitrogen
Life Technologies), and 100 pg/ml streptomycin (Invitrogen Life
Technologies), and cultured at 37°C in a 5% CO, humidified
atmosphere. The normal human dermal fibroblasts from neonatal
foreskins (Lifeline Cell Technology, Frederik, MD) were used in the
current study. Human fibroblasts were seeded in 12-well plates
matched for use with Cell Culture Insert (BD Falcon, NJ) at a density
of 5 x 10% cells/well in Dulbecco’s modified Eagle medium (DMEM)/
10% heat inactivated FBS for 48 h to 80% confluency. The cells were
studied between passages 4 and 8. v/d and non-y/d T cells after
stimulation and plated fibroblasts were washed three times with
PBS. v/ T cells were plated onto Cell Culture Inserts with 0.4 um
pore size (high pore density), and the inserts were fit into the 12-well
plates containing fibroblasts cultures to initiate fibroblasts and y/3 T
cells coculture in fresh serum-free DMEM. After 3-day coculture,
only fibroblasts were harvested and analyzed.

2.5. RNA isolation and real-time PCR

Total RNA was isolated from cultured fibroblasts using Qiagen
RNeasy spin columns (Qiagen, Hilden, Germany) and digested
with DNasel (Qiagen) to remove chromosomal DNA in accordance
with manufacturer’s protocols. RNA was reverse transcribed into
cDNA using the Reverse Transcription System (Promega, Madison,
WI). Transcript levels were quantified using a real-time PCR
method, according to the manufacturer’s instructions (Applied
Biosystems, Foster City, CA). Sequence-specific primers and
probes for COL1A1, COL1A2 were designed by Pre-Developed
TaqgMan Assay Reagents or TagMan Gene Expression Assays
(Applied Biosystems). Real-time PCR (1 cycle of 50 °C for 2 min,
95 °C for 10 min; 40 cycles of 92 °C for 15 s, 60 °C for 60 s) was
performed on an ABI Prism 7000 Sequence Detector (Applied
Biosystems). GAPDH transcript levels were used as controls to
normalize mRNA levels. The relative expression of real-time PCR
products was determined by using the AACt method [21] to
compare target gene and housekeeping gene (GAPDH) mRNA
expression.
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2.6. Immunohistochemical staining for v/d T cells

/8 T cell infiltrations in the skin (5 wm in thickness) were
examined by immunohistochemical staining in patients with SSc
(n=20; 12 dcSSc and 8 1cSSc patients, 6 males and 14 females) and
5 normal controls. Frozen skin tissues were acetone fixed and then
incubated with 10% normal rat serum for 10 min at 37 °C to block
nonspecific staining. Sections were stained with biotinylated
mouse monoclonal IgG antibody specific for human y8TCR (BD
Pharmingen), then with horseradish peroxidase-conjugated avi-
din-biotin complexes (Vectastatin avidin-biotin Complex Meth-
ods, Vector Laboratories, Burlingame, CA). Sections were finally
developed with DAB (Histofine SAB-PO (M), Nichirei Bioscience,
Tokyo, Japan) and counterstained with methyl green. Forty
sections were examined for each patient. Two observers indepen-
dently quantitated ydTCR positive cells.

2.7. Statistical analysis

Statistical analysis was performed using the Mann-Whitney U
test for determining the level of significance of differences between
sample means. Fisher's exact probability test for comparison of
frequencies, and Bonferroni’s test for multiple comparisons.
Spearman’s rank correlation coefficient was used to examine the
relationship between two continuous variables. A p value less than
0.05 was considered statistically significant.

3. Results

3.1. The percentage and absolute number of v/d T cells were similar in
SSc, other connective tissue diseases, and normal controls

Clinical and serological features in SSc patients are shown in
Table 1. The percentage and absolute number of y/3 T cells in blood
from SSc patients and normal individuals were examined by flow
cytometry (Fig. 1). The proportion of y/d T cell in CD3" cells tended
to be increased in IcSSc patients, although no significant difference
was observed between 1cSSc and healthy control or dcSSc (Fig. 1A).
There was no significant difference in the number of /3 T cells
between SSc patients and healthy controls (Fig. 1B). The
percentage and absolute number of y/8 T cells were not different
between the patients treated with steroid or other medications and
those without. There was no association between the frequency or

Table 1
Demographics of SSc patients in this study.

number of y/d T cells in the circulation and clinical features in our
patients. Two patients with high proportion of /3 T cells are both
positive for ACA, and did not have cutaneous ulcers, pulmonary
hypertension, and interstitial pneumonia. As a disease control, the
proportion and absolute number of /8 T cells from SLE and DM
patients were also examined. The proportion and number of y/8 T
cells were comparable among patients with SLE, DM, SSc, and
normal control.

3.2. SSc y/8 T cells showed phenotypic abnormalities

To assess y/d T cells phenotype in SSc patients (8 dcSSc and 12
1cSSc patients), the cell surface expressions of CD16, CD45R0, CD69,
and CD62L were analyzed by flow cytometer (Fig. 2). Phenotypic
abnormalities of y/8 T cells were examined without stimulation.
Representative histograms of each marker from CD3*TCRy/8" T cell
(Fig. 2A) and CD3*TCRy/d~ T cell (Fig. 2B) populations in SSc patient
are shown. The geometric mean fluorescence intensity (GMFI) of
CD16 on /3 T cells was higher in dcSSc patients than in controls
(Fig. 3A). The expression levels of CD16 were not different between
1¢SSc and dcSSc or control (Fig. 3A). There was no significant
differencein the expression levels of CD45R0 molecules between SSc
patients and normal controls (data not shown). CD69 expression was
increased in y/d T cells from dcSSc compared to controls (p < 0.05),
although there was no significant difference in CD69 expression
between 1cSSc and dcSSc or control (Fig. 3A). y/d T cells in dcSSc
patients exhibited significantly lower CD62L expression levels than
normal controls(p < 0.05,Fig.3A).y/d TcellsinlcSSc patients tended
to have low GMFI of CD62L, however, no significant difference was
observed in the expression of CD62L between IcSSc and control.

No significant difference of the positive frequencies of CD16,
CD45R0, and CD62L between SSc patients and control (Fig. 3B). The
frequency of cells expressing CD69, known as an early activation
marker, was significantly increased in dcSSc and 1cSSc patients
compared to normal controls (p < 0.05 and p < 0.05, respectively;
Fig. 3B).

3.3. Fibroblasts cocultured with SSc y/8 T cells showed increased
mMRNA expression levels of COL1A2

To examine the effects of y/8 T cells on fibroblasts, v/ T cells
were cocultured with fibroblasts. Non-y/3 T cell fraction was used
as a control. The numbers of fibroblasts after cocultured with y/d T

Total (n=52) dcSSc patients (n=22) 1cSSc patients (n=30)

Age (years) 56+10 55+13 57+7
Sex, male:female 4:48 3:19 1:29
Disease duration 26+£24 7.14+10.1
SSc specific antibody

Topoisomerase | 13 13 0

Centromere 22 0 22

U1RNP 4 3 1

U3RNP 3 1 2

RNAP 7 5 2

Th/To 1 1 0

Not identified 3 1 2

Negative 1 0 1
Medications

Prostaglandin analogs 45

Prednisone 33

Methotrexate 1

Cyclosporine 1

Bosentan 6

Phosphodiestherase V inhibitor 1

Clinical characteristics of the 52 SSc patients included in this study. SSc, systemic sclerosis; RNAP, RNA polymerase. Anti-UTRNP antibody was positive for 4 including 2

patients double positive with anti-topo I antibody.
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Fig. 1. Frequency and absolute number of peripheral blood /8 T cells in diffuse cutaneous systemic sclerosis (dcSSc) patients, limited cutaneous systemic sclerosis (1¢SSc)
patients, and healthy controls (HCs). The frequency of y/3 T cells was determined by immunofluorescent staining with flow cytometric analysis (A). The absolute number of y/
3 T cells was calculated from the relative frequency of y/3 T cells and the CD3" cells (B). The horizontal bars represent mean values. As a disease controls, the number and
proportion of /8 T cells from patients with systemic lupus erythematosus (SLE) and dermatomyositis (DM).

cells or non-y/d T cells were similar between SSc and normal
control (data not shown). mRNA was extracted from fibroblasts
after cocultured with either /3 T cells or non-y/d T cells, and
COL1A1 and COL1A2 mRNA expressions were examined by real-
time RT-PCR (n = 8). COL1A1 mRNA expression level in fibroblasts
after cocultured with y/d T cells was significantly higher than
cocultured with non-y/3 T cells in both SSc patients and healthy
control subjects (p < 0.05; Fig. 4A). COL1A2 mRNA expression level
in fibroblasts after cocultured with /3 T cells was also
significantly higher than cocultured with non-y/8 T cells in both
SSc patients and healthy subjects (p < 0.05; Fig. 4B). Moreover,
there was a significant increase of COL1A2 mRNA expression in
fibroblasts cultured with y/d T cells from SSc patients than those
from normal controls (p < 0.05; Fig. 4B). Even though we also
measured mRNA expression of matrix metalloproteinase-1 in

A CD16

CD69

fibroblasts cultured with SSc were not significantly different from
that cultured with control /8 T cells (data not shown).

While not only SScy/8 T cells but also normal control y/3 T cells
have collagen synthesis effects on fibroblasts, y/8 T cells from SSc
have more potent effects on activating collagen synthesis.

3.4. y/3 T cell infiltrations in the skin were observed in SSc patients

/8 T cell infiltrations in the skin were examined by using
immunohistochemical staining in patients with SSc (n=20; 11
dcSSc and 9 1cSSc patients), and healthy control subjects (n=5).
Representative pictures of TCRy/3" cells were shown in Fig. 5. We
made 15 serial sections of skin specimens from 20 patients with
SSc. A few y/d T cell infiltrations were observed 35% (7/20) of total
SSc patients (5 dcSSc and 2 1cSSc patients), while it was absent in
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Fig. 2. Representative histograms of CD16, CD69, and CD62L expressions on CD3*TCRy/8" T cell and CD3*TCRy/d~ T cell populations in SSc patient. Expressions of cell surface
molecules were examined by flow cytometric analysis. Representative histograms of CD16, CD69, and CD62L expressions on CD3*TCRy/3" T cells (A) and CD3"TCRy/8™ T cells
(B) in SSc patient. The numbers represent the percentage of cells in total CD3*TCRvy/d" T cells (A) or CD3*TCRy/3™ T cells (B) within each gate.
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Fig. 3. Mean fluorescence intensity (MFI) of CD16, CD69, and CD62L on /8 T cells and the frequency of y/8 T cells positive for CD16, CD69, and CD62L in peripheral blood from
dcSSc patients, 1cSSc patients, and HCs. Bar graph representation of the mean expression levels of CD16, CD69, and CD62L on /3 T cells (A) and the frequency of y/3 T cells
positive for CD16, CD69, and CD62L (B). All samples were analyzed by flow cytometry with identical instrument settings. Statistic significant differences between groups were
indicated.
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Fig. 4. mRNA expression levels of proalphal(l) collagen (COL1A1) and proalpha2(I) collagen (COL1A2) in fibroblasts cocultured with y/8 T cells from SSc patients or HCs.
mRNA was extracted from fibroblasts after cocultured with either /3 T cells or non-vy/8 T cells and COL1A1 (A) and COL1A2 (B) mRNA expressions were examined by real-
time RT-PCR. *p < 0.05.
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Fig. 5. Representative pictures of immunohistological analysis of TCRy3" cells in the
skin of SSc patients. Cells positive for TCRyS staining by immunohistochemical
staining were indicated arrows (diaminobenzidine staining, original magnification
400x).

normal controls. Infiltrating CD3" T cells were counted using the
same sample shown in Fig. 5, and the proportion of the /3 T cells
in infiltrating CD3" T cells were 2/1260 (0.16%).

4. Discussion

In the current study, we showed the number of y/8 T cells and
the proportion of y/8 T cells in CD3" cells were maintained in
Japanese SSc patients (Fig. 1). These findings are in accord with the
earlier report [22]. There was no association between the number
or frequency of /8 T cells in the circulation and clinical features in
our patients, although other investigators found decreased total y/
8 T cells in the PBMC of SSc patients with diffuse and late stage
disease, pulmonary or muscle involvement and with anti-topo [ Ab
[23]. While there was a possibility that patients presenting digital
ulcers particularly might have distinct T cell recirculation, we did
not find any association between the number or frequency of y/8 T
cell and digital ulcers. To examine the phenotypic abnormalities of
/8 T cells in SSc patients, we analyzed surface expressions of
several markers on SSc v/& T cells (Figs. 2 and 3). Cell surface
expression of CD69 was significantly elevated in dcSSc, and the
percentage of CD69 positive cells was significantly increased in
dcSSc and 1cSSc patients compared to normal control. CD69 is an
activation marker expressed not only many subsets of T cells but
also on other cell types. CD69 expression has been used as the
activation marker of y/8 T cell and can be up-regulated after TCR
cross-linking [24,25]. Previous studies identified oligoclonal V&1* T
cells at the sites of inflammation, suggesting that antigenic
selection may be triggering V81" T cell expansion specifically
[26]. Thus, these CD69" y/d T cells may be reacting with disease-
related antigens. For further experiment, we may consider
silencing experiments onto /8 T cells by using CD69 siRNA.
CD16 expression was also significantly increased in dcSSc patients
compared to controls. In a previous report, the percentage of CD16"
cells in v/ T cells did not differ between SSc and normal control,
however, the percentage of CD16"V31" T cells in y/3 T cells was
increased in SSc patients. It was suggested that these CD16" y/3 T
cells might exert cytotoxic activity in SSc patients [22]. Although v/
S T cell repertoire was not determined, the increase of CD16
expression in our patients might be due to CD16'Vd1" T cell
population. Flow cytometry of PBMC also revealed the decrease of
CD62L expression in dcSSc patients compared to control subjects.
As it was known that the lack of CD62L expression on v/ T cells
represent tissue-homing cells with a variety of effector functions

[27], decreased expression of CD62L in patients suggests that the
possibility that these v/d T cells lacking CD62L expression may
migrate to the skin or other affected organs and exert the effector
functions. Taken together, despite the lack of correlation with
specific clinical features of SSc, these results indicate that activated
v/ T cells may influence disease pathogenesis. We suspect that
not merely the phenotypic abnormality found in SScy/8 T cells, but
also other changes due to in vivo chronic activation had influence
in the collagen expression. Because these surface markers
expressions on y/d T cells were not examined in other rheumatic
diseases, it is unclear whether these aberrant expressions were
specific for SSc. Moreover, although we did not find any association
between /3 T cell abnormalities and treatments, there was a
possibility that the therapies including immunosuppressant
agents, glucocorticoids, prostaglandin analogs, bosentan, and
phosphodiesterase V inhibitors had the potential to modify the
frequency of these cells in the peripheral blood in SSc.

In the early stage of SSc, activated fibroblasts expressing high
levels of mRNA for type I and Il collagen are often seen near blood
vessels in association with mononuclear cell infiltrations [28]. To
evaluate the effect of /8 T cells on fibroblasts, we examined the
COL1A1 and COL1A2 mRNA expressions of fibroblasts cocultured
with v/ T cells. Purified y/8 T cells were separated from fibroblasts
by the cell culture insert in order to examine the interactions y/8 T
cells and fibroblasts without actual physical contact in our study.
Because we expected that cytokines produced by /& T cells have
effects on fibroblasts, we performed the coculture experiment with
T cells separated from fibroblasts. From the observation of COL1A1
and COL1A2 mRNA expressions in fibroblasts cocultured with y/3
T cells, while y/3 T cells not only from SSc but also normal control
have the potential role to activate fibroblasts at some extent, SSc y/
3 T cells had more potent ability to induce activation of fibroblasts
than normal control. In a previous report, the supernatant from
activated SSc y/d T cells showed the proliferative and collagen
synthesis activity on fibroblasts [29]. Together with our findings, y/
S T cells have effects of enhance collagen synthesis in fibroblasts
without direct cell contact. In contrast, recently, Bendersky et al.
reported Vy9* T cells were equally and persistently represented in
SSc patients at levels similar to healthy controls, and they
preserved the ability to respond to the classical Vy9* T cell
auto-antigen isopentenyl pyrophosphate and to execute disrup-
tion of fibroblast growth and induction of apoptotic death with
contact-dependent manner [30]. While the reason for the
discrepancy among the reports is unclear, it might be due to the
physical contact between +y/d T cells and fibroblasts, which may
influence a different response pattern. Alternatively, different
antigens (stimulations) could induce expansion of functionally
different y/d T cell subpopulations. Further studies will be required
to confirm our findings.

v/0 T cells produce a wide variety of cytokines, chemokines and
growth factors. Ohtsuka reported that supernatant from /8 T cells
stimulated by Mycobacterium tuberculosis lysates and IL-2 induced
proliferation of fibroblast and synthesis of collagen, and the
synthesis of collagen was inhibited by anti-TGF- Ab [29]. We
examined mRNA expressions of several cytokines including TGF-[3,
TNF-o, IFN-y, IL-4 and IL-6 in y/8 T cells after the stimulation in
vitro (data not shown). We detected the expressions of TGF-f3, IFN-
v and TNFeq, although these expression levels were comparable
between SSc patients and normal controls in y/d T cells. Cytokines
are considered to play critical roles in SSc through various and
complex mechanisms. While Th2 cytokines facilitate fibrosis, Th1
cytokines can augment autoimmune responses, which may
influence on fibrosis in SSc. Alternatively, it is also possible that
the detection of Th1-polarized cytokines from /8 T cells in the
circulation might be a compensatory response to the progression
of fibrosis. Recently, many reports suggested that y/8 T cells are the
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major source of IL-17 [10,31]. After exposure to bleomycin, but not
Schistosoma mansoni eggs, IL-17A produced by CD4* and /3 T cells
induced significant neutrophilia and pulmonary fibrosis, and
cooperative roles for IL-17A and TGF-P in the development of
fibrosis were suggested [32]. We also measured mRNA expression
of IL-17A in /9 T cells after stimulation, and no expression of 1L-
17A was detected. Although the precise mechanisms of the
induction of fibrosis by y/8 T cells need to be further examined, our
data suggests several cytokines may be involved.

Finally, we confirmed v/ T cell infiltrations in SSc affected skin.
Studies has described accumulation of activated T lymphocytes
expressing a selective V3 chain gene expansion of the /8 T cell
receptor (TCR) in the lung [26] and in the skin [22] of the patients
with SSc. In SSc patients, these cells display adhesion molecules
[22], produce Th1-polarized cytokines [33], and damage endothe-
lial cells [34]. These results suggest that their effector function in
the development of the disease. Because the number of /3 T cell
infiltration was very small, we could not show precise proportion
of v/ T cells in infiltrating total T cells.

In conclusion, our findings suggest that y/d T cells that showed
activated phenotype may contribute to tissue fibrotic processes by
induction of collagen synthesis in SSc, and to the disease
pathogenesis.
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