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Longitudinal Analysis of Serum Cytokine
Concentrations in Systemic Sclerosis: 
Association of Interleukin 12 Elevation with
Spontaneous Regression of Skin Sclerosis
TAKASHI MATSUSHITA, MINORU HASEGAWA, YASUHITO HAMAGUCHI, KAZUHIKO TAKEHARA, 
and SHINICHI SATO

ABSTRACT. Objective. Skin sclerosis that progresses in the earlier disease phase in systemic sclerosis (SSc) spon-
taneously regresses thereafter. We investigated the relationship between changes of the serum
cytokine profile and changes in skin fibrosis in patients with SSc. 
Methods. Serum cytokine levels were examined by ELISA using 180 sera samples from 26 patients
with early diffuse cutaneous SSc (dcSSc) with mean disease duration of 2.1 years. The mean fol-
lowup period was 4.9 years (range 2–8). Cytokine mRNA expression in the affected skin was quan-
tified by real-time reverse transcription-polymerase chain reaction.
Results. Modified Rodnan total skin thickness score decreased after 2, 4, and 6 years compared to
that at first visit. Serum levels of the Th2 cytokines interleukin 6 (IL-6) and IL-10 and monocyte
chemotactic protein-1 (MCP-1) were higher at first evaluation compared to healthy controls, while
IL-4 levels were normal. Levels of all Th2 cytokines generally decreased as skin sclerosis regressed.
Conversely, levels of serum IL-12, a Th1-inducing cytokine, were lower at first visit relative to con-
trols, but increased by roughly 15-fold after 6 years to significantly higher levels than controls.
Surviving dcSSc patients exhibited elevated IL-12 levels compared to deceased patients. Serum lev-
els of transforming growth factor-ß1 (TGF-ß1), a fibrogenic cytokine, increased throughout fol-
lowup, with slightly decreased levels at later timepoints. IL-12 mRNA expression was upregulated
in affected skin from patients with late-stage dcSSc, while TGF-ß1 and MCP-1 expression was
downregulated.
Conclusion. These results suggest that a shift from Th2 to Th1 response correlates with improve-
ment in skin fibrosis in SSc, and that IL-12 level is a serologically useful marker for disease activi-
ty and prognosis. (J Rheumatol 2006;33:275–84)
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Systemic sclerosis (SSc) is a multisystem disorder of con-
nective tissue characterized by excessive fibrosis in the skin
and various internal organs, with an autoimmune back-
ground. Although the pathogenesis of SSc remains
unknown, immunologic abnormalities have been suggested
to play an important role. Most of the infiltrating cells in the
skin of patients with SSc are activated T lymphocytes with
a predominant CD4+ phenotype1. Hyperactivity of circulat-

ing CD4+ T cells has also been detected in patients with
SSc, since they show augmented CD25 expression2.
Cytokines play a major role in regulating extracellular
matrix deposition by fibroblasts3. Stimulated naive T cells
differentiate into memory/effector T cells that are classified
into T helper 1 (Th1) and Th2 subsets based on their
cytokine production profiles4. Th1 cells secrete mainly
interferon-γ (IFN-γ) and interleukin 2 (IL-2), whereas Th2
cells predominantly release IL-4, IL-5, IL-6, IL-10, and IL-
134. It has been suggested that Th1 cytokines generally
decrease extracellular matrix deposition, whereas Th2
cytokines increase it3. Thus, cytokines produced by activat-
ed T cells may regulate fibrosis associated with SSc.

It has been reported that serum concentrations of Th2
cytokines such as IL-4, IL-6, IL-10, and IL-13 are increased
in SSc5-8. Th2 cytokine production by stimulated peripheral
blood lymphocytes is also augmented in SSc6,9. In addition,
SSc patients exhibit Th2 cytokine production by cultured
CD4+ T cells isolated from affected skin. Serum levels of
soluble CD30, which reflects Th2 cell activation, are also
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increased in SSc, and expression of IL-4 mRNA and CD30
by mononuclear cells that infiltrate the affected skin is ele-
vated10,11. These findings suggest that Th2 responses are
predominant in SSc. However, activation of Th1 response in
SSc has also been reported: serum levels and spontaneous
production of IL-12, a potent inducer of Th1 cells, by circu-
lating lymphocytes are elevated in SSc patients12.
Moreover, studies have suggested mixed activation of Th1
and Th2 responses in SSc: a study using intracellular
cytokine analysis at the single-cell level has revealed Th1
polarization of γ/δ T cells in addition to Th2 predominance
of α/ß T cells13; another showed increased numbers of IFN-
γ-producing CD8+ T cells in SSc14. Further, cells expressing
Th1 cytokine mRNA (IFN-γ and IL-2) as well as those
expressing Th2 cytokine mRNA (IL-4 and IL-5) were found
to be increased in the lung interstitium of SSc patients with
fibrosing alveolitis, while the ratios of Th1 to Th2 cytokines
were similar to healthy controls15. Yet it remains unknown
which T cell response, Th1 or Th2, is predominant in SSc.

It was previously thought that the risk of internal organ
involvement in patients with diffuse cutaneous SSc (dcSSc)
increased in parallel with the disease duration16. In 1986,
however, spontaneous improvement in skin sclerosis was
first reported as “regressive scleroderma”17. Clinical trials
have consistently revealed that skin involvement sponta-
neously improves even in untreated patients18. A recent
study described that severe organ damage occurs within the
first 3 years of disease onset in most patients with dcSSc,
and progression to severe skin thickening seldom occurs
after 5 or 6 years16. Collectively, these findings indicate that
SSc is not progressive, but has a distinct early phase of high-
er disease activity. Although the reasons for the discrepancy
among previous studies regarding the Th1/Th2 imbalance in
SSc are not clear, it may be due to qualitative differences in
the patient populations, especially with regard to disease
activity. Almost all previous studies analyzed cytokine lev-
els at only one timepoint during the disease course in SSc.
Therefore, to clarify the role of the cytokine imbalance in
the development of SSc, it is necessary to assess cytokine
profiles according to disease duration and activity. We per-
formed a retrospective longitudinal study of serum cytokine
levels in patients with early dcSSc. Our results indicate that
a shift from a Th2 response to a Th1 response is associated
with the improvement of cutaneous involvement in dcSSc.

MATERIALS AND METHODS
Patients. Serum samples were obtained from 26 Japanese patients with SSc
(22 women, 4 men). All patients fulfilled the criteria for SSc proposed by
the American College of Rheumatology19 and were classifed as having
dcSSc according to the system proposed by LeRoy, et al20.
Antitopoisomerase I antibodies were positive for 20 patients, anticen-
tromere antibodies for 2, and anti-RNA polymerases I and III antibodies for
4. Their average age (mean ± SD) was 48 ± 20 years and the mean disease
duration was 2.1 ± 1.0 years (range 0.2–3). Disease duration was calculat-
ed from the time of the first clinical event (other than Raynaud’s phenom-
enon) that was a clear manifestation of SSc. Fifteen age and sex matched

healthy Japanese individuals (12 women, 3 men; age 43 ± 12 yrs) were
recruited as healthy controls.

In a retrospective longitudinal study, we analyzed 180 serum samples
from an identical patient population of 26 patients with early dcSSc. The
followup period was 4.9 ± 1.9 years (range 2–8) with 7 ± 2 (range 5–11)
assessment timepoints. At the first visit, 5 patients were treated with low
dose corticosteroid (prednisolone, 5–10 mg/day). Afterward, 18 additional
patients received a low dose oral steroid (prednisolone, 5–20 mg/day),
while the remaining 3 patients did not receive oral steroid. In addition to
steroid treatment, 8 patients were treated with low dose D-penicillamine
(100–200 mg/day) at the first visit. Afterward, 5 additional patients
received low dose D-penicillamine (100–200 mg/day) in addition to steroid
treatment. No patient received other immunosuppressive therapy. Complete
medical histories, physical examinations, and laboratory tests were con-
ducted on all patients at their first visit, with limited evaluations during fol-
lowup visits. The modified Rodnan total skin thickness score (TSS) was
assessed as described21. Fresh venous blood samples were centrifuged
shortly after clot formation and all samples were stored at –70°C before
use. The protocol was approved by the Kanazawa University Graduate
School of Medical Science and Kanazawa University Hospital, and
informed consent was obtained from all patients.

Detection of soluble mediators. Specific ELISA kits were used to measure
serum concentrations of IL-2, IL-4, IL-6, IL-10, IL-12, monocyte chemo-
tactic protein-1 (MCP-1; PharMingen, San Diego, CA, USA), tumor necro-
sis factor-α (TNF-α; R&D Systems, Minneapolis, MN, USA), and trans-
forming growth factor-ß1 (TGF-ß1; GT, Minneapolis, MN, USA) according
to the manufacturer’s protocols. IL-12p70 consists of 2 disulfide-linked
chains of 40 kDa and 35 kDa22. An ELISA for IL-12 measured the entire
IL-12p70 molecule. Each sample was tested in duplicate. The detection
limits of the assays were as follows: IL-2, 1.0 pg/ml; IL-4, 2.0 pg/ml; IL-6,
4.0 pg/ml; IL-10, 2.0 pg/ml; IL-12, 4.0 pg/ml; MCP-1, 1.0 pg/ml; TNF-α,
4.4 pg/ml; and TGF-ß1, 7.0 pg/ml. 

RNA isolation and real-time polymerase chain reaction (RT-PCR). Skin
biopsy specimens were obtained from the forearm of 9 patients with dcSSc
(7 women, 2 men, aged 40 ± 15 yrs). Five of these patients were grouped
into a category of early dcSSc with a disease duration < 3 years, while 4
patients were grouped as late dcSSc, with a disease duration > 6 years. No
early dcSSc patient received therapy. All late dcSSc patients received a low
dose oral steroid (prednisolone, 5–20 mg/day). Five age and sex matched
healthy Japanese (3 women, 2 men, aged 39 ± 10 yrs) served as healthy
controls. All skin samples were snap-frozen in liquid nitrogen and stored at
–80°C before use. Total RNA was isolated from frozen tissue with Qiagen
RNeasy spin columns (Qiagen Ltd., Crawley, UK) and then was reverse-
transcribed into cDNA according to the protocol for the Reverse
Transcription System (Promega, Madison, WI, USA). Expression of IL-
12p35, TGF-ß1, and MCP-1 mRNA was analyzed by RT-PCR quantifica-
tion according to the manufacturer’s instructions (Applied Biosystems,
Foster City, CA, USA). Sequence-specific primers and probes were
designed by pre-developed TaqMan® assay reagents (Applied Biosystems).
RT-PCR (one cycle at 50°C for 2 min, one at 95°C for 10 min; 40 cycles at
92°C for 15 s and at 60°C for 60 s) was performed on an ABI Prism 7000
sequence detector (Applied Biosystems). GAPDH was used to normalize
the mRNA. To compare target gene and housekeeping GAPDH gene
mRNA expression, the relative expression of PCR products was determined
using the ∆∆Ct method23. The fold induction equaled 2–[∆∆Ct], where Ct =
the threshold cycle, and ∆∆Ct = [Ct gene interest (unknown sample) – Ct
GAPDH (unknown sample)] – [Ct gene interest (calibrator sample) – Ct
GAPDH (calibrator sample)]. One of the control samples was chosen as a
calibrator sample. Each sample was examined in triplicate and the mean Ct
was used in the equation.

Statistical analysis. The Mann-Whitney U test was used to determine the
level of significance of differences between the sample means, and the
Bonferroni test was used for multiple comparisons. A p value < 0.05 was
considered statistically significant. All values are shown as mean ± SD.
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RESULTS
Longitudinal change in serum Th2 cytokine levels in SSc. To
determine changes in serum cytokine levels during followup
in patients with SSc, the levels were studied at the first visit
and after 2, 4, and 6 years. Four SSc patients had been fol-
lowed for 2 years, 10 for 4 years, and 12 for 6 years. All
patients had early dcSSc with a mean disease duration of 2.1
years (range 0.2–3). First, changes in skin sclerosis during
the followup period were assessed by the modified Rodnan
TSS (Figure 1). In comparison with the modified Rodnan
TSS at the first visit, the skin score was significantly
decreased after 2 years (35% decrease; p < 0.0005), 4 years
(48% decrease; p < 0.0001), and 6 years (52% decrease; p <
0.0005). Serum levels of IL-6 and IL-10, which belong to
the Th2 cytokines, at the first visit were significantly 9 to
12-fold higher in SSc patients than levels in controls (p <
0.05 and p < 0.01, respectively; Figure 2). However, IL-6
levels decreased by 6 years after the first visit, while IL-10
levels were reduced after 4 years. In contrast to IL-6 and IL-
10, serum levels of IL-4, another Th2 cytokine, in SSc
patients at the first visit were similar to those in controls,

whereas IL-4 levels after 4 and 6 years were significantly
reduced by 60%–80% relative to controls (p < 0.05). Serum
levels of MCP-1, a Th2 chemokine that induces Th2
cytokine expression24, were significantly elevated by rough-
ly 3-fold at all timepoints in SSc patients compared with
controls (p < 0.0001). Although serum MCP-1 levels after 6
years tended to be decreased by 10% to 20% relative to
those at earlier timepoints, there was no significant differ-
ence between any of the timepoints. Thus, in general, serum
Th2 cytokine levels decreased as skin sclerosis improved in
patients with dcSSc.

Longitudinal change in serum Th1 cytokine levels in SSc.
IL-12 polarizes undifferentiated T cells and commits them to
the Th1 lineage, and reduces Th2 activity22. Further, IL-12 is
the most potent regulator of Th1/Th2 cytokine balance in
vivo22. Unlike Th2 cytokines, SSc patients exhibited signifi-
cantly reduced serum IL-12 levels at the first visit (78%
decrease) compared to controls (p < 0.0005; Figure 3).
Although IL-12 levels after 2 years were increased in several
patients and were 3.7-fold higher than at the first visit, IL-12
levels after 2 years in the total cohort of SSc patients
remained significantly decreased by 17% relative to controls
(p < 0.05). Serum IL-12 levels increased further after that:
they were significantly 7.8-fold and 15.3-fold higher after 4
years (p < 0.05) and 6 years (p < 0.0005), respectively, than at
the first visit. Further, IL-12 levels after 6 years were signifi-
cantly increased by 3.4-fold relative to controls (p < 0.05).

The correlation between elevated serum IL-12 levels and
mortality in SSc was also examined. Maximal serum IL-12
levels throughout the followup period in individual patients
were selected for this analysis. Serum IL-12 levels in
deceased SSc patients were significantly lower than those in
surviving patients (p < 0.05; Figure 4).

IL-2 is a Th1 cytokine, but is also produced by undiffer-
entiated precursor CD4+ T cells4,25. In contrast to IL-12,
serum IL-2 levels at the first visit tended to be increased
compared to those found in controls or at later timepoints in
SSc patients; however, the differences were not statistically
significant (Figure 3). Serum IL-2 levels decreased as the
disease course progressed: they were significantly reduced
after 4 years (66% decrease) and 6 years (83% decrease) rel-
ative to controls (p < 0.05). Serum IFN-γ levels could not be
detected in any SSc patients or controls (data not shown), as
previously reported5. Thus, serum IL-12 levels increased as
cutaneous involvement regressed, while serum IL-2 levels
decreased. Further, the lack of increase in IL-12 levels
throughout the followup period correlated with a higher
mortality in patients with SSc.

Longitudinal change in serum levels of other cytokines
related to fibrosis in SSc. TGF-ß stimulates the synthesis
and assembly of matrix proteins such as fibronectin and col-
lagen, and is involved in fibrosis associated with SSc26.
Serum TGF-ß1 levels were significantly elevated by
30%–40% at all timepoints in SSc patients compared with
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Figure 1. Changes in skin fibrosis during the followup period in patients
with dcSSc. All patients had early dcSSc, with a mean disease duration of
2.1 years (range 0.2–3), and the mean followup period was 4.9 years (range
2–8). The extent of skin sclerosis was measured by modified Rodnan TSS
at the first visit and after 2, 4, and 6 years. The 17 anatomic areas were rated
as 0 (normal), 1+ (mild skin thickening), 2+ (moderate), and 3+ (severe)
and the TSS was derived by summing scores from all areas. Horizontal bars
indicate mean values.
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controls (p < 0.05; Figure 3). Serum TGF-ß1 levels after 2,
4, and 6 years tended to be decreased by roughly 10% rela-
tive to those at the first visit; however, there were no signif-
icant differences between any of the timepoints. TNF-α reg-
ulates fibrosis by inhibiting TGF-ß signaling in human
fibroblasts27. Further, a recent study has shown that TNF-α
inhibits collagen synthesis promoted by Th2 cells in SSc28.
Although serum TNF-α levels were increased in several SSc
patients, there was no significant difference between the
groups. Thus, serum TGF-ß1 levels were increased through-
out the followup period, with slightly decreased levels at
later timepoints.

Longitudinal change in the frequency of elevated serum
cytokine levels in SSc. When serum levels higher than the
mean + 2 SD of control samples were considered elevated in
this study, the frequency of elevated cytokine levels was
compared during the followup period (Table 1). The fre-
quency of IL-12 elevation after 6 years was significantly
increased compared to the first visit (42% vs 4%; p < 0.01).
This was the only statistically significant difference when
all frequencies of elevated cytokines were compared.
Similar to the serum levels, the frequency of IL-6, IL-10,
TGF-ß1, and MCP-1 elevation tended to decrease as the dis-
ease progressed. The frequency of IL-2 and IL-4 elevation
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Figure 2. Changes in serum levels of Th2 cytokines (IL-6, IL-10, IL-4, and MCP-1) during the followup period.
Cytokine levels were determined by ELISA at the first visit and after 2, 4, and 6 years. Healthy individuals served
as controls. Horizontal bars indicate mean values; broken lines indicate the cutoff values (mean + 2 SD of con-
trol samples). Thin lines at the bottom of each figure indicate the detection limits.
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was only detected in patients at the first visit (19% and 8%,
respectively). The frequency of TNF-α elevation was similar
and low throughout the followup period. Thus, the prevalence
of IL-12 elevation was increased in the later stages of Ssc.

Representative longitudinal change in serum cytokine levels
in SSc. Representative longitudinal changes of the modified
Rodnan TSS and serum IL-10 and IL-12 levels are shown in
Figure 5. At the first visit, a male patient (Case 1) with dis-
ease duration of 3 years had increased serum IL-10 levels,
which were decreased 3–4 years later, in parallel with an
improvement of skin fibrosis. In contrast, serum IL-12 was

not detected at his first visit, but began to increase after 4
years, when skin sclerosis began to improve, with decreased
levels of IL-10. He was treated with 10 mg/day prednisolone
and 300 mg/day D-penicillamine just after his first visit. A
similar pattern was observed for Case 2 (male patient, dis-
ease duration 2 yrs) and Case 3 (female patient, disease
duration 1 yr). Both patients were treated with 10 mg/day
prednisolone just after their first visit. In contrast, for Case
4 (a female patient, disease duration 1 month), the modified
Rodnan TSS did not decrease throughout the followup peri-
od, during which slightly elevated serum IL-10 levels were
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Figure 3. Changes in serum levels of Th1 cytokines (IL-12, IL-2) and cytokines related to fibrosis (TGF-ß1, TNF-
α) during the followup period. Cytokine levels were determined by ELISA at the first visit and after 2, 4, and 6
years. Healthy individuals served as controls. Horizontal bars indicate mean values; broken lines indicate cutoff
values (mean + 2 SD of control samples). Thin lines indicate the detection limits.
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observed, whereas serum IL-12 levels also did not increase.
Treatment with 7.5 mg/day prednisolone began after her
first visit. In 26 patients with dcSSc, 10 were treated with
low dose steroid alone and 13 with low dose steroid and D-
penicillamine. However, the serum cytokine levels did not
correlate with treatment (data not shown). Thus, serum IL-
12 levels were increased in parallel with the decrease in the
modified Rodnan TSS and IL-10 levels.

Cytokine mRNA expression in SSc affected skin. To assess
the correlation of disease duration with local cytokine
expression in affected skin from patients with dcSSc,
cytokine mRNA expression in the skin was quantified by
RT-PCR. The mRNA expression of IL-2, IL-4, IL-6, IL-10,
IFN-γ, and TNF-α was not detected in SSc affected or nor-
mal skin (data not shown), while IL-12p35, TGF-ß1, and
MCP-1 mRNA expression was detected in SSc affected
skin. IL-12p35 mRNA expression was not detected in skin
from patients with early SSc with a disease duration of less
than 3 years or in normal skin (Figure 6A). In contrast, IL-
12p35 mRNA was expressed in skin from patients with late
SSc with a disease duration of more than 6 years. Affected
skin from patients with early SSc showed fibrosis on histo-
logical examination, while skin from patients with late SSc
exhibited modest or absent skin fibrosis (data not shown).
Fibrotic skin from patients with early SSc showed expres-
sion of TGF-ß1 and MCP-1 mRNA that was significantly
decreased in affected skin from patients with late SSc (p <
0.05; Figure 6B, 6C). TGF-ß1 and MCP-1 mRNA expres-
sion was not detected in the normal skin. Thus, local IL-12
expression was upregulated in the later stages of SSc, with
downregulated TGF-ß1 and MCP-1 expression.

DISCUSSION
The most important finding in our study was the correlation
of increased serum IL-12 concentrations with improved skin
fibrosis. IL-12 was expressed only during the regression
stage of SSc skin samples. Further, absence of increased IL-
12 levels during the disease course correlated with a higher
mortality in patients with SSc. IL-12 is produced by activat-
ed macrophages and dendritic cells and is the principal Th1-
inducing cytokine22. Since IL-12 induces the secretion of
IFN-γ, which reduces excessive collagen synthesis by SSc-
derived fibroblasts29, IL-12-induced IFN-γ production
might be related to improvement in skin fibrosis. However,
this is unlikely, since IFN-γ was not detected in the sera or
affected skin of SSc patients (data not shown). Consistent
with this, clinical trials of recombinant IFN-γ in treatment of
SSc revealed that IFN-γ has only modest beneficial clinical
effects30,31. IL-12 may inhibit skin fibrosis by suppressing
Th2 differentiation, since Th2 cytokines generally enhance
collagen production by fibroblasts3. Alternatively, IL-12 is
an important negative regulator of TGF-ß production both in
vivo and in vitro32; therefore, it may reduce skin fibrosis via
the inhibition of TGF-ß production. TGF-ß expression was
consistently downregulated in affected skin in the later
stages of SSc. The importance of IL-12 in inhibition of skin
fibrosis is also supported by a recent report that IL-12
administration to tight-skin mice, a murine model of SSc,
had beneficial effects in reducing collagen accumulation in
the skin33. Unlike IL-12, IL-2, another Th1 cytokine,
decreased as skin sclerosis regressed. However, IL-2 pro-
duction is not limited to Th1 cells, as it is produced by undif-
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Figure 4. Correlation of elevated serum IL-12 levels with mortality in
patients with early dcSSc. Serum IL-12 levels were determined by ELISA at
all timepoints throughout the followup period. Maximal serum IL-12 levels
for individual patients were selected for this analysis and were compared
between surviving and deceased patients. Horizontal bars indicate mean val-
ues; broken line indicates the cutoff value (mean + 2 SD of control samples).

Table 1. The frequency of elevated serum cytokine levels in patients with
dcSSc. Except for the modified Rodnan total skin thickness score (TSS),
values are the percentages of patients with elevated serum cytokine levels.

Time After the First Visit, yrs
0 2 4 6

(n = 26) (n = 26) (n = 22) (n = 12)

Modified Rodnan TSS 23 ± 7 15 ± 9 13 ± 8 11 ± 8
Cytokines

IL-2, pg/ml 19 0 0 0
IL-4, pg/ml 8 0 0 0
IL-6, pg/ml 42 31 23 25
IL-10, pg/ml 23 27 18 8
IL-12, pg/ml 4 15 23 42*
TNF-α, pg/ml 8 4 9 8
TGF-ß1, ng/ml 35 23 27 17
MCP-1, pg/ml 92 100 96 83

* Frequency of elevated cytokine levels after 6 years was significantly dif-
ferent from that at the first visit (p < 0.01). IL: interleukin, TNF-α: tumor
necrosis factor-α, TGF-ß1: transforming growth factor-ß1, MCP-1: mono-
cyte chemoattractant protein-1.
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ferentiated precursor CD4+ T cells and enhances their pro-
liferation4,25. Although the mechanisms by which IL-12 reg-
ulates fibrosis remain unknown, our results suggest that
increased IL-12 production is related to the improvement of
cutaneous fibrosis in SSc.

In contrast to IL-12, serum Th2 cytokine levels general-
ly increased during the earlier stages of SSc, while they
decreased as skin sclerosis improved. IL-4 stimulates colla-
gen synthesis by fibroblasts derived from SSc34. Other stud-
ies report that serum IL-4 levels were elevated in SSc
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Figure 5. Representative longitudinal changes in skin fibrosis and serum levels of IL-10 and
IL-12 in patients with dcSSc. Extent of skin sclerosis was measured by the modified Rodnan
TSS (�). Serum levels of IL-10 (pg/ml, ��) and IL-12 (pg/ml, ��) were determined by ELISA.
Broken lines indicate cutoff values of serum IL-10 levels; thin lines indicate cutoff values of
serum IL-12 levels. Cutoff values represent the mean + 2 SD of control samples.
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patients5. However, in our study, serum IL-4 concentrations
were normal at first visit, and decreased as skin sclerosis
improved. This suggests that IL-4 reduction might only
reflect suppressed Th2 polarization, since IL-12 suppresses
IL-4 production22. Similarly to IL-4, IL-6 induces concen-
tration-dependent increases in the production of collagen
and glycosaminoglycans from human dermal fibroblast in
vitro35. Further, IL-6 production by fibroblasts derived from
affected SSc skin is augmented at protein and mRNA levels
compared with normal fibroblasts36,37. Remarkably, block-
ing the IL-6 response by anti-IL-6 antibody results in a sig-
nificant reduction in procollagen type I by cultured SSc
fibroblasts36. Skin fibrosis in the tight-skin mouse is
improved with a parallel decrease in IL-6 production38. In
addition, serum IL-6 levels are elevated in patients with
early-stage dcSSc8, and correlate with the extent of skin
fibrosis39. Unlike IL-4 and IL-6, IL-10 is suggested to
downregulate type I collagen gene expression and enhance
collagenase gene expression in vitro40. However, several
reports have described the involvement of IL-10 in organ
fibrosis in vivo41,42. Further, 2 studies have revealed that
serum IL-10 levels are positively correlated with the extent
of skin fibrosis in SSc39,43. Together, these results suggest
that elevated production of Th2 cytokines in the early phase
of SSc contributes to skin fibrosis. Consistent with this
notion, high mRNA expression of Th2 cytokines produced
by bronchoalveolar lavage cells is associated with a future
decline in lung function44,45.

MCP-1, an important chemotactic mediator of mono-
cytes/macrophages, also functions as a Th2 chemokine
because it stimulates IL-4, IL-5, and IL-10 production24.
Our finding that serum MCP-1 levels were elevated

throughout the followup period, especially during the earli-
er stages of SSc, suggests that MCP-1 contributes to Th2
polarization in SSc. In addition, fibrotic skin from patients
with early SSc exhibited MCP-1 expression that was down-
regulated during the regression stage. MCP-1 is consistent-
ly expressed in inflammatory mononuclear cells, endothelial
cells, keratinocytes, and fibroblasts in skin from patients
with earlier onset SSc, leading to enhanced leukocyte migra-
tion into affected tissues46,47. Further, in a bleomycin-
induced skin fibrosis model, MCP-1 mRNA expression is
increased, and treatment with neutralizing anti-MCP-1 anti-
body inhibits cutaneous fibrosis48. Since treatment with
recombinant MCP-1 does not augment the synthesis of type
I collagen by cultured dermal fibroblasts47, these findings
suggest that MCP-1 contributes to the initiation of inflam-
matory infiltrates and also promotes Th2 differentiation in
SSc.

TGF-ß is a major fibrogenic growth factor, since it not
only stimulates matrix synthesis, but also controls virtually
all fibroblast function relevant to fibrosis including prolifer-
ation, chemotaxis, and differentiation26. Many studies have
suggested a role of TGF-ß in the development of fibrosis in
SSc26. In our study, serum TGF-ß1 levels were elevated
throughout the followup period, with slightly decreased lev-
els at later timepoints. Further, expression of TGF-ß1 was
downregulated in the regression stage of SSc skin. TGF-ß1
is consistently most strongly expressed in the early, unin-
volved skin of patients with SSc, rather than in areas of
advanced disease that are already highly sclerotic49. In addi-
tion, studies have shown that TGF-ß drives the shift in the
Th1/Th2 balance toward Th2 by way of the IL-10-mediated
development of Th2 responses and the inhibition of Th1
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Figure 6. IL-12 (A), TGF-ß1 (B), and MCP-1 (C) mRNA expression in dcSSc skin samples. Cytokine mRNA
expression was quantified by RT-PCR in samples from 5 early dcSSc patients, with a disease duration < 3 years,
and from 4 late dcSSc patients, with a disease duration > 6 years. Samples from early SSc patients showed fibro-
sis by histological examination, while samples from late SSc patients exhibited modest or absent skin fibrosis
(data not shown).
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responses50. Thus, our results confirm previous findings
indicating that TGF-ß contributes to the development of
skin fibrosis in SSc, and also suggest that TGF-ß is involved
in Th2 polarization.

In multiple sclerosis, a prototype of Th1-mediated disor-
ders, the shift from a Th1 response to a Th2 response is asso-
ciated with clinical improvement51. Conversely, our results
suggest that the shift from a Th2 response to a Th1 response
correlates with improvement of skin fibrosis in SSc. This
implies that the inhibition of Th2 cytokines or a forced shift
toward a Th1 response may be a possible therapy for SSc.
However, we cannot exclude the possibility that a shift from
a Th2 to Th1 response may only be secondary to the regres-
sion of skin sclerosis. Furthermore, as almost all patients
with SSc we examined received low-dose steroid and/or D-
penicillamine treatment, we also cannot rule out the possi-
bility that treatment affects Th1/Th2 balance in SSc.
Nonetheless, serum IL-12 could be a serologically useful
marker for disease activity and prognosis, since patients’
clinical course is heterogeneous, and they should be closely
monitored for the onset of new organ involvement during
the early years of illness16. A future prospective study will
be needed to confirm our results.
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