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SUMMARY

 

In patients with systemic sclerosis (SSc), there are conflicting findings regarding which is predominant
between type 1 and type 2 immune responses. To determine the balance between type 1 and type 2 T
lymphocytes in peripheral blood from SSc patients, we investigated the expression of intracellular
cytokines, such as interferon-

 

g

 

 (IFN-

 

g

 

), interleukin-2 (IL-2), IL-4, and IL-13, and chemokine receptors
such as CXCR3 and CCR4 by flow cytometry. The frequency of IFN-

 

g

 

-producing cells among CD8

 

+

 

 cells
was significantly increased in patients with diffuse cutaneous SSc (

 

n

 

 

 

=

 

 11, 

 

P

 

 

 

<

 

 0·0001) and limited cuta-
neous SSc (lSSc; 

 

n

 

 

 

=

 

 16, 

 

P

 

 

 

<

 

 0·0001) compared with normal controls (

 

n

 

 

 

=

 

 17) while there was no signif-
icant difference in the frequency of IL-4- or IL-13-producing cells. In contrast, the frequency of IFN-

 

g

 

-
or IL-4-producing cells among CD4

 

+

 

 cells was similar between the three groups. Similar results were
obtained when absolute numbers were assessed. The frequency of IFN-

 

g

 

-producing cells among CD8

 

+

 

cells inversely correlated with percentage DLco in SSc patients (

 

r

 

 

 

=

 

 

 

-

 

 0·650, 

 

P

 

 

 

<

 

 0·005). CXCR3

 

+

 

 CD8

 

+

 

cells selectively produced IFN-

 

g

 

, and the frequency of CXCR3

 

+

 

 CD45RO

 

+

 

 cells among CD8

 

+

 

 cells was
higher in lSSc patients (

 

n

 

 

 

=

 

 14, 

 

P

 

 

 

<

 

 0·01) than in normal controls (

 

n

 

 

 

=

 

 22). In contrast, there was no sig-
nificant difference in the frequencies of CXCR3- or CCR4-expressing CD45RO

 

+

 

 cells among CD4

 

+

 

cells. These results demonstrate the predominance of type 1 cytokine-producing cells (Tc1 cells) in
peripheral blood CD8

 

+

 

 T cells from SSc patients, but no definite Th1/Th2 imbalance in CD4

 

+

 

 T cells. Tc1
cells may be associated with pulmonary vascular damage in SSc.
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INTRODUCTION

 

Systemic sclerosis (SSc) is a connective tissue disease character-
ized by fibrosis and vascular changes in the skin and other visceral
organs. Although the pathogenesis of SSc remains unclear, T lym-
phocytes are considered to play an important role. Dermal mono-
nuclear cell infiltrates in SSc have been shown to be both CD4

 

+

 

and CD8

 

+

 

 activated T cells [1–5]. Increased numbers and percent-
ages of activated T cells have also been found in the lung inter-
stitium and bronchoalveolar fluids (BALF) from SSc patients
with active lung disease [6–8]. Furthermore, there is evidence of
circulating T cell activation in SSc [9,10]. The activated T cells may
promote the fibrosis and endothelial damage probably through

the production of soluble mediators or cytotoxic effects in
patients with SSc.

CD4

 

+

 

 T cells can be divided into functionally polarized sub-
sets based on the cytokines they produce. Th1 cells produce
mainly type 1 cytokines, including interferon-

 

g

 

 (IFN-

 

g

 

) and
interleukin-2 (IL-2), and promote cell-mediated immune
responses, whereas Th2 cells secrete type 2 cytokines, including
IL-4, IL-5, IL-6, IL-10, and IL-13, and enhance humoral immune
responses [11–13]. Moreover, similar cytokine secretion patterns
have been observed for CD8

 

+

 

 cytotoxic T cells, designated Tc1
and Tc2 cells, although their distinct functions are not clarified
[11,12]. Imbalance between type 1 and type 2 immune responses
plays a pathogenic role in several autoimmune diseases and aller-
gic diseases of animals and humans [13–15]. Type 1 immune
responses predominate in organ-specific autoimmune disorders
such as multiple sclerosis and Crohn’s disease [13,14]. In contrast,
type 2 immune responses predominate in allergic disorders such
as atopic dermatitis and asthma [13,15].
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In patients with SSc, it has been reported that serum levels
and production levels by stimulated peripheral blood mononu-
clear cells (PBMC) of type 2 cytokines, such as IL-4, IL-6, and IL-
13, are increased, but those of type 1 cytokines such as IFN-

 

g

 

 are
decreased [16–19]. In addition, circulating levels of soluble CD30,
which may reflect Th2 cell activation, are increased in SSc patients
[20,21]. Furthermore, Mavalia 

 

et al

 

. [21] revealed type 2 cytokine
profiles of production by cultured CD4

 

+

 

 T cells in the skin from
SSc patients. They also showed elevated expression of IL-4
mRNA and CD30 by skin infiltrating mononuclear cells from SSc
patients. These results suggest that SSc may be a type 2 response
predominant disease. However, findings suggesting activation of
type 1 response in SSc have also been reported. Serum tumour
necrosis factor-

 

a

 

 levels were increased in SSc patients and corre-
lated with the presence of pulmonary fibrosis [22]. In addition,
serum levels and spontaneous production levels by PBMC of IL-
12, a potent inducer of Th1 cells, were elevated in SSc patients
[23]. Moreover, some observations imply mixed activation of type
1 and type 2 phenotypes in SSc. Giacomelli 

 

et al

 

. [24] found type
1 polarization of 

 

g

 

/

 

d

 

 T cells in addition to type 2 predominance of

 

a

 

/

 

b

 

 T cells, using intracellular cytokine analysis without differen-
tiating CD4

 

+

 

 and CD8

 

+

 

 subsets. Furthermore, cells expressing
type 1 cytokine mRNA (IFN-

 

g

 

 and IL-2) in addition to those
expressing type 2 cytokine mRNA (IL-4 and IL-5) were increased
in the lung interstitium from SSc patients with fibrosing alveolitis,
while the ratios of type 1 to type 2 cytokines were similar to con-
trols [25]. Thus, Th1/Th2 and Tc1/Tc2 profiles in SSc patients
remains unknown.

Recently, flow cytometric analysis of intracellular cytokines
has enabled the detection of cytokine-producing cells at the single
cell level [26]. Furthermore, chemokine receptors serve as good
cell surface markers for type 1 

 

versus

 

 type 2 T cells in addition to
the targets for selective modulation of T cell dependent immunity
since recent studies have reported that Th1/Tc1 cells predomi-
nantly express CXCR3 and CCR5 while Th2/Tc2 cells preferen-
tially express CCR3, CCR4, and CCR8 [27–30]. In the present
study, to determine the balance between type 1 and type 2 T lym-
phocytes in SSc patients, we investigated the expression of intra-
cellular cytokines (IL-2, IL-4, IL-13, and IFN-

 

g

 

) and chemokine
receptors (CXCR3 and CCR4) in peripheral blood T cells from
SSc patients.

 

MATERIALS AND METHODS

 

Patients and control subjects

 

Peripheral blood samples were obtained from 29 patients with
SSc (3 males and 26 females, aged 31–81 years, median age
56 years; Table 1). All patients fulfilled the criteria proposed by
the American College of Rheumatology [31]. Twelve patients
were categorized as diffuse cutaneous SSc (dSSc) and 17 as lim-
ited cutaneous SSc (lSSc), according to the classification system
proposed by LeRoy 

 

et al

 

. [32]. Median disease duration was 3·8
(range 0·2–5·0) years. Of 29 patients with SSc, 27 patients (3
males, 24 females; aged 38–81 years, median age 58 years; 11 dSSc
and 16 lSSc) were analysed for intracellular cytokine evaluation
while 26 patients with SSc (one male, 25 females; aged 31–
81 years, median age 54 years; 12 dSSc and 14 lSSc) were assessed
for the chemokine receptor investigation. Regarding the chemok-
ine receptor investigation, CXCR3 expression was examined in
all 26 patients with SSc, while CCR4 expression was examined in
20 patients with SSc (8 dSSc, 12 lSSc patients). None of the

patients had received oral steroid, immunosuppressive therapy, or

 

D

 

-penicillamine. Seventeen age- and sex-matched healthy indi-
viduals (2 males, 15 females; aged 35–78 years, median age
56 years) were used as normal controls for intracellular cytokine
evaluation while 22 age- and sex-matched healthy persons (1
male, 21 females; aged 35–78 years, median age 54 years) were
used for the chemokine receptor investigation: 22 subjects for
CXCR3 expression and 14 for CCR4 expression.

All patients had detailed clinical assessment for laboratory
findings and involvement of the internal organs. Organ system
involvement was defined as described previously [33,34]: lung –
bibasilar fibrosis on high-resolution computed tomography and
chest radiography; oesophagus – hypomotility shown by barium
radiography; joint – inflammatory polyarthralgias or arthritis;
heart – pericarditis, congestive heart failure, or arrhythmias
requiring treatment; pulmonary hypertension – elevated systolic
pulmonary artery pressure estimated by colour-flow Doppler
ultrasonography; kidney – malignant hypertension and rapidly
progressive renal failure without any other explanation; and mus-
cle – proximal muscle weakness and elevated serum creatine
kinase. The pulmonary function test, including vital capacity and
diffusion capacity for carbon monoxide (DLco), was also per-
formed. The protocol was approved by the Kanazawa University
School of Medical Science and Kanazawa University Hospital,
and informed consent was obtained from all patients.

 

Intracellular cytokine detection

 

Flow cytometric determination of cytokines in the cytoplasm of
peripheral CD4

 

+

 

 and CD8

 

+

 

 T cells was performed as described
previously [35]. Heparinized whole blood was stimulated with a
combination of 25 ng/ml of phorbol 12-myristate 13-acetate
(PMA; Sigma-Aldrich, St. Louis, MO, USA) and 1 

 

m

 

g/ml of ion-
omycin (Sigma-Aldrich) in the presence of 10 

 

m

 

g/ml of brefeldin
A (Sigma-Aldrich) and cultured for 4 h at 37

 

∞

 

C. Brefeldin A was
used to increase the sensitivity of cytokine detection because it

 

Table 1.

 

Clinical  or laboratory features of SSc patients

dSSc (

 

n

 

 

 

= 

 

12) lSSc (

 

n

 

 

 

= 

 

17)

Age; years, median (range)  54 (31–75)  57 (45–81)
Sex (female : male) 11 : 1 15 : 2
Duration; years, median

(range)
2·7 (0·8–5·0) 4·3 (0·2–5·0)

Organ involvement
Lung

Pulmonary fibrosis 9/12 (75%) 4/17 (24%)
%VC, median (range) 79·7 (42·5–127·0) 110·5 (90·4–132·0)
%DLco, median (range) 60·6 (26·5–83·0) 69·0 (41·3–91·0)

Oesophagus 8/12 (67%) 11/17 (65%)
Heart 4/12 (33%) 2/17 (12%)
Kidney 4/12 (33%) 3/17 (18%)
Joint 5/12 (42%) 4/17 (24%)
Muscle 4/12 (33%) 1/17 (6%)

Laboratory findings
Anti-topoisomerase I Ab* 7/12 (58%) 0/17 (0%)
Anti-centromere Ab 0/12 (0%) 15/17 (88%)

*Ab, antibody.
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inhibits intracellular transport of proteins by interfering with the
function of the Golgi apparatus [35]. Activated cultures were
stained with peridinin chlorophyll (PerCP)-conjugated anti-CD3
(BD PharMingen, San Diego, CA, USA) and fluorescein isothio-
cyanate (FITC)-conjugated anti-CD8 monoclonal antibodies
(MoAbs; Coulter Corp, Miami, FL, USA) for 15 min at room
temperature, as described previously [36]. For the detection of
intracellular cytokine expression in CD8

 

+

 

 CXCR3

 

+

 

 or CCR4

 

+

 

cells, activated cultures were incubated with PerCP-conjugated
anti-CD8 and FITC-conjugated anti-CXCR3 (R & D Systems
Inc., Minneapolis, MN, USA) or purified anti-CCR4 (mouse
IgG1) MoAbs [37]. The anti-CCR4 MoAb was kindly provided by
Dr N. Hanai (Kyowa Hakko, Tokyo, Japan). For anti-CCR4
MoAb, phycoerythrin (PE)-conjugated goat F(ab

 

¢

 

)2 antimouse
IgG Ab (Southern Biotechnology Associates, Inc., Birmingham,
AL, USA) was used as a secondary Ab. Blood erythrocytes were
lysed after staining using the Coulter Whole Blood Immuno-Lyse
kit (Coulter Corp). Then, the samples were incubated with FACS
permeabilizing solution (BD PharMingen) for 10 min at room
temperature. The cells were incubated with PE-conjugated anti-
IL-2, anti-IL-4, anti-IL-13, or anti-IFN-

 

g

 

 MoAbs (BD PharMin-
gen) for 30 min at room temperature. The samples were washed
and analysed using a FACScan flow cytometer (BD PharMingen).
Positive and negative populations of cells were determined using
unreactive isotype-matched MoAbs (BD PharMingen) as con-
trols for background staining.

 

Analysis of chemokine receptor expression

 

Heparinized blood samples were collected and placed on ice.
Three-colour analysis was performed using a combination of
PerCP-conjugated anti-CD4 or anti-CD8 (BD PharMingen),
FITC-conjugated anti-CD45RO (Coulter Corp.), and PE-
conjugated anti-CXCR3 (BD PharMingen) or anti-CCR4
MoAbs. The blood samples were stained at 4

 

∞

 

C for 20 min and
then blood erythrocytes were lysed using the Coulter Whole
Blood Immuno-Lyse kit (Coulter Corp.). Cells were analysed
using a FACScan flow cytometer (BD PharMingen).

 

Statistical analysis

 

Mann–Whitney 

 

U

 

-tests were used to compare variables between
two groups. Bonferroni’s test was used for multiple comparisons.
Spearman’s rank correlation coefficient was used to examine the
relationship between 2 continuous variables. A 

 

P

 

-value 

 

<

 

 0·05 was
considered statistically significant.

 

RESULTS

 

Intracellular cytokine analysis in T cells

 

The frequencies of cytokine-producing CD4

 

+

 

 or CD8

 

+

 

 T cells
were assessed after stimulation with PMA and ionomycin at the
single cell level, using intracellular cytokine staining and flow
cytometry with three-colour analysis (Figs 1–3). Since CD4
expression is down-regulated after stimulation with PMA [38],
the CD4

 

+

 

 population was analysed by gating on the CD3

 

+

 

 CD8

 

-

 

population: 10000 CD3

 

+

 

 cells were collected per sample. There
were significantly higher frequencies of IFN-

 

g

 

-producing CD8

 

+

 

 T
cells in SSc patients (median 83%, range 41–98%) than in normal
controls (46%, 26–70%, 

 

P

 

 

 

<

 

 0·0001; Fig. 2). Concerning subsets
of SSc, the frequencies of IFN-

 

g

 

-producing CD8

 

+

 

 T cells were

significantly higher in dSSc patients (

 

P

 

 

 

<

 

 0·0001) and lSSc patients
(

 

P

 

 

 

<

 

 0·0001) than in normal controls. The frequencies of IFN-

 

g

 

-
producing CD8

 

+

 

 T cells were similar for dSSc patients and lSSc
patients. There was no significant difference in the frequencies of
IL-2-producing CD8

 

+

 

 T cells between SSc patients and normal
controls. However, the frequencies of IL-2-producing CD8

 

+

 

 T
cells in lSSc patients was significantly increased compared with
dSSc patients (

 

P

 

 

 

<

 

 0·05) and normal controls (

 

P

 

 

 

<

 

 0·05). In con-
trast, no significant difference was found in the proportion of IL-
4- or IL-13-producing cells among CD8

 

+

 

 T cells between the three
groups. Absolute numbers of cytokine-producing CD4

 

+

 

 or CD8

 

+

 

T cells were also analysed. There were significantly more IFN-

 

g

 

-
producing CD8

 

+

 

 T cells in dSSc patients (

 

P

 

 

 

<

 

 0·05) and lSSc
patients (

 

P

 

 

 

<

 

 0·05) than in normal controls (Table 2). Absolute
numbers of IL-2-, IL-4-, and IL-13-producing CD8

 

+

 

 T cells were
similar between the three groups.

The percentages of IFN-

 

g

 

-, IL-2-, IL-4-, and IL-13-producing
cells among CD4

 

+

 

 T cells were similar between the three groups
(Fig. 3). Similarly, no significant difference was observed in the
absolute numbers of IFN-

 

g

 

-, IL-2-, IL-4-, or IL-13-producing
CD4

 

+ T cells in peripheral blood between the three groups
(Table 2).

The Th1 : Th2 and Tc1 : Tc2 ratios were evaluated from the
ratio of IFN-g-producing cells to IL-4-producing cells. The
Tc1 : Tc2 ratios of peripheral CD8+ T cells in dSSc patients
(median 46, range 20–82, P < 0·001) and lSSc patients (38, 11–102,
P < 0·01) were significantly elevated compared with normal con-
trols (24, 14–46). In contrast, there was no significant difference in
the Th1 : Th2 ratios of CD4+ T cells between the three groups
(data not shown).

Concerning the clinical correlation of intracellular cytokine
production, the frequency of IFN-g-producing cells among CD8+

cells in peripheral blood correlated inversely with percentage
DLco (r = -0·650, P < 0·005; Fig. 4). A similar correlation was
observed in SSc patients without pulmonary fibrosis (r = - 0·48,
P < 0·05). The frequencies of IFN-g-producing CD8+ T cells were
similar between SSc patients with lung fibrosis and those without
lung fibrosis (data not shown). None of the 27 patients examined
in this study exhibited pulmonary hypertension, and pulmonary
artery pressure showed no correlation with the frequency of

Table 2. Absolute numbers of cytokine-producing CD8+ or CD4+ T cells

Cytokine

T cells (per mm3) 

dSSc lSSc Control

CD8+ T cells
IFN-g 259 (136–512)* 210 (69–394)* 184 (86–318)
IL-2 62 (15–152) 137 (27–166) 87 (42–145)
IL-4 7 (3–12) 7 (3–22) 8 (3–17)
IL-13 4 (1–7) 5 (1–19) 7 (0–12)

CD4+ T cells
IFN-g 159 (112–318) 210 (69–394) 184 (86–318)
IL-2 309 (150–633) 406 (181–828) 359 (263–641)
IL-4 19 (11–33) 28 (13–77) 21 (10–54)
IL-13 34 (22–37) 39 (20–86) 34 (17–70)

Values are presented as median (ranges). *P < 0·05 compared to
controls.
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Fig. 1. Representative expression of IFN-g and IL-4 in the cytoplasm of CD8+ and CD8- (CD4+) T cells from a patient with diffuse cutaneous
systemic sclerosis (dSSc), a patient with limited cutaneous SSc (lSSc), and a normal control (control). Whole blood samples were activated
with phorbol myristate acetate and ionomycin in the presence of brefeldin A. Intracellular cytokine production was determined by flow
cytometry with three-colour analysis. Plots represent live cells gated for expression of CD3. Quadrants were set according to the staining of
control MoAbs.
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IFN-g-producing CD8+ T cells (data not shown). Otherwise, there
was no correlation between the proportions of any cytokine-
producing cells and any clinical or serological features.

Intracellular cytokine production in CXCR3+ CD8+ T cells
To confirm association of CXCR3 expression with IFN-g produc-
tion in CD8+ T cells, production of IFN-g and IL-4 in the cyto-
plasm of activated blood CXCR3+ CD8+ T cells from SSc patients
was determined by flow cytometry with three-colour analysis
(Fig. 5). IFN-g was selectively detected in CXCR3+  CD8+ T cells
from SSc patients (n = 6, 3 dSSc and 3 lSSc) and normal controls
(n = 6), whereas IL-4 was not observed. Thus, CXCR3+ CD8+ T
cells selectively produced IFN-g. The frequency of IFN-g-pro-
ducing cells in CXCR3+ CD8+ T cells was significantly increased
in SSc patients (median 84%, range 77–89%) compared with
normal controls (50%, 39–71%, P < 0·01). The frequency of
CD8+ CCR4+ T cells was so small that cytokine production in
these cells could not be assessed. However, a previous study

confirmed that peripheral CCR4+ and CXCR3+ CD4+ T cells pre-
dominantly produced IL-4 and IFN-g, respectively [39].

Chemokine receptor expression in T cells
CXCR3 and CCR4 expression on peripheral blood CD4+ or
CD8+ CD45RO+ T cells was assessed by flow cytometry with
three-colour analysis (Fig. 6): 10000 CD4+ or CD8+ cells were col-
lected per sample. No significant difference was detected in the
percentages of CXCR3-expressing CD45RO+ T cells among
CD8+ T cells between SSc patients and normal controls. Concern-
ing subsets of SSc, however, there was a significant increase in the
percentage of CXCR3-expressing CD45RO+ T cells among CD8+

T cells in lSSc patients compared with normal controls (P < 0·01),
but no significant difference compared with dSSc patients. The
percentages of CXCR3-expressing CD45RO+ T cells among
CD8+ T cells were similar for dSSc patients and normal controls.
In contrast, no significant difference was found in the percentages
of CCR4-expressing CD8+ CD45RO+ T cells between the three
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groups. There was no significant difference in the frequency of
CXCR3- or CCR4-expressing CD45RO+ T cells among CD4+ T
cells between the three groups. Similar results were obtained
when absolute numbers of CXCR3- or CCR4-expressing CD8+ or
CD4+ memory T cells were assessed (Table 3).

DISCUSSION

In this study, intracellular cytokine analysis at the single cell level
showed that the numbers of IFN-g-producing CD8+ T cells in SSc
patients were increased compared with those in normal controls.
Consistently, the numbers of CXCR3+ CD8+ memory T cells in
lSSc patients were higher than those in normal controls. In con-
trast, no evidence suggesting Th1/Th2 imbalance in CD4+ T cells
was observed. Thus, the results of this study demonstrate a strong
shift to Tc1 in peripheral blood CD8+ T cells from SSc patients,
but no definite Th1/Th2 imbalance in CD4+ T cells.

The present findings contradict previous observations that
suggested the predominance of type 2 immune response in SSc
patients based on elevated serum levels and production by cul-
tured PBMC of type 2 cytokines and increased serum soluble
CD30 [16–21]. Although the reasons for this are not clear, it is
possible that serum cytokine levels and cytokine production by
isolated PBMC are derived not only from T cells, but also from
various immune cells including macrophages, fibroblasts, NK

cells, and B cells. T cell populations may change while being cul-
tured for dozens of hours. Moreover, analysis of serum concen-
trations and production levels by PBMC of cytokines cannot
detect the profiles of T cells at the single cell level. Finally,
controversial information has been reported regarding the role of
CD30 as a Th2 cell differentiation marker since a recent study

Fig. 2. Frequencies of CD8+ T cells producing (a) IFN-g, (b) IL-2, (c) IL-4 and (d) IL-13 in peripheral blood CD8+ T cells from dSSc
patients, lSSc patients, and normal controls (control). Intracellular expression of cytokines was determined by flow cytometry, as described
in Fig. 1. Bars indicate the medians.
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Table 3. Absolute numbers of CD8+ or CD4+ T cells expressing CXCR3 
or CCR4

Chemokine receptor

T cells (per mm3) 

dSSc lSSc Control

CD8+ T cells
CXCR3 62 (33–135) 73 (41–120)* 63 (39–106)
CCR4 8 (2–15) 7 (3–15) 8 (2–18)

CD4+ T cells
CXCR3 117 (83–222) 182 (44–369) 136 (52–356)
CCR4 101 (33–135) 141 (38–228) 133 (27–308)

Values are presented as medians (range). *P < 0·05 compared to
controls.
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reported that CD30 is also expressed on activated Th0 and
Th1 cells [40]. The present results are also inconsistent with the
observations by Giacomelli et al. [24]; they showed type 2 pre-
dominance of circulating a /b T cells, using intracellualr cytokine

analysis. Although the reason for this discrepancy is unclear, it
may be related to the difference in the studied populations: 27
patients within 5 years from the onset were enrolled in the
present study, while 13 patients whose disease duration was not
clarified were assessed in their investigation.

It has been appreciated that type 1 and type 2 T cells express
different sets of chemokine receptors, allowing them to migrate
into different tissues [41]. CXCR3 has been reported to be pref-
erentially expressed on Th1 and Tc1 cells, whereas CCR4 on Th2
and Tc2 cells [27–30]. Consistent with normal Th1/Th2 balance by
intracellular cytokine analysis in SSc, we found the normal num-
bers of CXCR3- or CCR4-expressing CD4+ memory T cells in SSc
patients. Furthermore, consistent with the increased Tc1 cells in
lSSc patients by intracellular cytokine analysis, lSSc patients
exhibited elevated numbers of CXCR3+ CD8+ memory T cells.
Moreover, we confirmed that IFN-g was selectively produced in
the cytoplasm of CXCR3+ CD8+ cells while IL-4 was not detected.
However, unlike the results of intracellular cytokine analysis, the
numbers of CXCR3+ CD8+ memory cells were similar for dSSc
patients and normal controls. Since almost all CXCR3+ CD8+ T
cells expressed intracellular IFN-g in SSc patients, the normal
numbers of CXCR3+ CD8+ memory cells in dSSc patients suggest
that subsets of CD8+ cells other than CXCR3+ cells may also
produce IFN-g. Consistently, it has been reported that IFN-g -
producing cells also express CCR5, CXCR6, and CCR2 [42].
Nevertheless, the results of the present study suggest that the

Fig. 3. Frequencies of CD4+ T cells producing (a) IFN-g, (b) IL-2, (c) IL-4 and (d) IL-13 in peripheral blood CD4+ T cells from dSSc
patients, lSSc patients, and normal controls (control). Intracellular expression of cytokines was determined by flow cytometry, as described
in Fig. 1. Bars indicate the medians.
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balance of Tc1/Tc2 or Th1/Th2 by intracellular cytokine analysis is
also supported by the analysis of the expression of chemokine
receptors.

SSc patients with active lung disease have increased numbers
and percentages of lymphocytes, accompanied by an increase in
CD8+ T cells and a decrease in CD4+ T cells, in the lung intersti-
tium on biopsy and BALF [6–8]. In addition, concurrent activa-
tion of type 1 as well as type 2 phenotype has been observed in the
lung interstitium from patients with fibrosing alveolitis [25]. The
present study showed that IFN-g-producing CD8+ T cells corre-
lated inversely with percentage DLco in SSc patients. It is likely
that this correlation of IFN-g-producing CD8+ T cells with per-
centage DLco reflects pulmonary vascular damage rather than
lung fibrosis since such a correlation was also observed in
patients without pulmonary fibrosis. Consistently, the number of
CXCR3+ CD8+ memory cells was increased in lSSc patients, but
not in dSSc patients who are more frequently associated with lung
fibrosis. Chemokines and chemokine receptors were shown to
have the capability of regulating the selective migration of

Th1/Tc1 cells and Th2/Tc2 cells to the target tissues and of con-
trolling the type 1 and type 2 immune responses [41]. Therefore,
the present results suggest that Tc1 cells that infiltrate into the
lung interstitium possibly by CXCR3 may contribute to the pul-
monary microvascular damage in SSc, especially in lSSc.

In conclusion, we have shown a strong shift to Tc1 cells among
CD8+ T cells but no Th1/Th2 imbalance among CD4+ T cells in
peripheral blood from SSc patients. In addition, the present find-
ings suggest that elevated proportions of Tc1 cells may be associ-
ated with the pulmonary vascular damage. These findings not only
will lead to a better understanding of pathogenesis of SSc, but
could provide a therapeutic target for SSc.
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Fig. 5. Representative expression of IFN-g and IL-4 in the cytoplasm of CXCR3+ CD8+ T cells in peripheral blood from (a) a patient with
SSc and (b) a normal control. Whole blood samples were activated with phorbol myristate acetate and ionomycin in the presence of
brefeldin A. Intracellular cytokine production was determined by flow cytometry with three-colour analysis. Histograms represent live cells
gated for expression of CD8 and CXCR3 (——). Staining of control MoAbs (------).
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