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Clinical Significance of Serum Hyaluronan Levels in
Systemic Sclerosis: Association with Disease Severity
AYUMIYOSHIZAKI, YOHEI IWATA, KAZUHIRO KOMURA, TOSHIHIDE HARA, FUMIHIDE OGAWA, EIJI MUROI,
MOTOI TAKENAKA, KAZUHIRO SHIMIZU, MINORU HASEGAWA, MANABU FUJIMOTO, and SHINICHI SATO

ABSTRACT. Objective. To determine any clinical association of serum levels of hyaluronan in patients with sys-
temic sclerosis (SSc).
Methods. Hyaluronan levels in serum samples from patients with SSc (n = 66) and hyaluronan
expression in skin were assessed.
Results. Serum hyaluronan levels in SSc patients were higher than those in healthy controls. SSc
patients with elevated hyaluronan levels had more frequent involvement of several clinical manifes-
tations and immunological abnormalities compared to those with normal levels. Thus, hyaluronan
levels correlated with disease severity. Hyaluronan expression in the sclerotic skin from SSc patients
was more intense, relative to expression in normal skin.
Conclusion. These results suggest that elevated serum hyaluronan levels are associated with disease
severity and immunological abnormalities in patients with SSc. (First Release Aug 1 2008;
J Rheumatol 2008;35:1825–9)
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Systemic sclerosis (SSc) is a multisystem disorder of the
connective tissue characterized by excessive accumulation
of extracellular matrix in the skin and various internal
organs1. Hyaluronan, a component of extracellular matrix,
has both structural and regulatory functions2. Toll-like
receptors (TLR) and their ligands are critical components of
the innate immune system and contribute to defensive
antimicrobial immune responses3. Breakdown products of
the extracellular matrix, especially hyaluronan, stimulate
TLR as endogenous ligands for TLR and thereby regulate
inflammatory responses, including autoimmune disorders4.
Although the pathogenesis of SSc remains unknown, break-
down products of hyaluronan may play a role in immuno-
logical abnormalities of SSc by activating TLR on various
immune cells.
Elevated serum hyaluronan levels have been described in

various disorders including SSc2,5. Although hyaluronan
regulates inflammatory immune responses as an endoge-

nous TLR ligand and thereby affects immunological abnor-
malities6, any correlation of serum hyaluronan levels with
immunological measures has not been previously investigat-
ed in patients with SSc. Further, previous studies did not
assess association of hyaluronan levels with the involvement
of each organ. We investigated the clinical and immunolog-
ical correlation of serum hyaluronan levels in patients with
SSc.

MATERIALS AND METHODS
Serum samples. Serum samples were obtained from 66 Japanese patients
with SSc (59 women, 7 men). All patients fulfilled the criteria proposed
by the American College of Rheumatology7 for a diagnosis of SSc.
Patients were grouped according to the classification system proposed by
LeRoy, et al8. The study population and clinical and biochemical data are
given in Table 1. No patient with SSc had been treated with oral corti-
costeroid, D-penicillamine, or other immunosuppressive therapy prior to
the evaluation. Twenty-two age- and sex-matched healthy Japanese indi-
viduals were enlisted as controls. Fresh venous blood samples were cen-
trifuged shortly after clot formation. All samples were stored at –70°C
prior to use.

Clinical assessment. Complete medical histories, physical examinations,
and laboratory tests including vital capacity (VC), diffusion capacity for
carbon monoxide (DLCO), and the modified Rodnan total skin thickness
score (modified Rodnan TSS)9 were conducted for all patients. Organ
involvement was defined as described10.

The protocol was approved by Kanazawa and Nagasaki University
Graduate School of Medicine and Kanazawa and Nagasaki University
Hospital, and informed consent was obtained from all patients.

Hyaluronan staining. Formalin-fixed and paraffin-embedded tissues were
obtained from 10 SSc patients [5 diffuse cutaneous SSc (dSSc) and 5 lim-
ited cutaneous SSc (lSSc)] and 5 controls. Hyaluronan staining was per-
formed11 using the biotinylated hyaluronan-binding protein (Sigma-
Aldrich Inc., St. Louis, MO, USA). The reaction products were visualized
using diaminobenzidine with methyl green as the counterstain.

ELISA for serum hyaluronan. ELISA for serum hyaluronan levels was per-
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formed using a specific ELISA kit (Echelon Biosciences, Salt Lake City,
UT, USA).

Statistical analysis. Statistical analysis was performed using the Mann-
Whitney U-test to determine differences between sample means, Fisher
exact probability test to compare frequencies, and Bonferroni test to make
multiple comparisons. We used Spearman’s rank correlation coefficient to
examine the relationship between two continuous variables.

RESULTS
Serum hyaluronan levels by ELISA. Serum hyaluronan
levels in lSSc and dSSc patients were significantly higher
than those in controls (Figure 1A). Serum hyaluronan levels
in dSSc patients were significantly elevated relative to those
in lSSc patients. In this assay system, the cutoff value was
216.1 ng/ml, which was calculated as the mean + 2 SD for
controls.

Hyaluronan expression in fibrotic skin. Hyaluronan expres-
sion was only faintly detected in the dermis of controls
(Figure 1B). SSc patients had remarkably higher expression
of hyaluronan in the dermis compared with controls (Figure
1C). Hyaluronan expression in sclerotic skin of lSSc

patients was similar to that of dSSc patients (data not
shown).

Clinical correlation. SSc patients with elevated hyaluronan
levels had significantly higher modified Rodnan TSS points,
higher frequency of dSSc and decreased %VC and %DLCO,
and more frequent involvement of pitting scar/ulcer, diffuse
pigmentation, pulmonary fibrosis, esophagus, heart, kid-
neys, joints, and muscle than did those with normal levels
(Table 1). Consistent with these findings, hyaluronan levels
were significantly elevated in SSc patients with pitting
scar/ulcer, diffuse pigmentation, pulmonary fibrosis, heart
involvement, kidney involvement, or arthritis/arthralgias
compared with those without each clinical measure (Figure
2A). Hyaluronan levels also correlated inversely with %VC
or %DLCO (Figure 2B). Further, hyaluronan levels correlat-
ed positively with modified Rodnan TSS and renal vascular
resistance, which was determined as the pulsatility index
value in the renal interlobar arteries by color-flow Doppler
scans12. However, hyaluronan levels did not correlate with
any other clinical measures, including disease duration.
Indeed, hyaluronan levels were increased in patients with
early-stage SSc with disease duration ≤ 2 years (233.1 ±
146.5 ng/ml) and in patients with late-stage SSc (272.1 ±
202.2 ng/ml), relative to controls (p < 0.001); however, there
was no significant difference between them. Further, when
51 paired serum samples obtained at the time of diagnosis
and 2 years after diagnosis were compared, there was no sig-
nificant difference between them (239.4 ± 105.7 ng/ml com-
pared to 269.2 ± 108.7 ng/ml).
SSc patients with elevated hyaluronan levels had signifi-

cantly higher frequency of elevated levels of serum IgG,
IgA, C-reactive protein (CRP), and erythrocyte sedimenta-
tion rates (ESR) and more frequent presence of anti-topoi-
somerase I antibody compared to those with normal
hyaluronan levels (Table 1). Moreover, hyaluronan levels
were positively correlated with levels of serum IgG and IgA
(Figure 2B). Thus, elevation of serum hyaluronan levels was
associated with the severity of skin and pulmonary fibrosis,
with involvement of many other organs, and with various
immunological abnormalities in patients with SSc.

DISCUSSION
We observed that serum hyaluronan levels were elevated in
patients with SSc, especially dSSc, and hyaluronan expres-
sion in the fibrotic skin from SSc patients was increased rel-
ative to expression in normal skin. Although studies have
shown that hyaluronan levels are generally higher in proxi-
mal scleroderma than in distal scleroderma5, their direct cor-
relation with the extent of skin fibrosis using a skin score
system was not evaluated. In our study, we observed that
hyaluronan levels correlated positively with modified
Rodnan TSS. Moreover, consistent with the previous finding
that hyaluronan levels were associated with decreased
%DLCO in SSc5, we also showed that elevation of hyaluro-
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Table 1. Clinical and laboratory features of SSc patients with elevated
serum hyaluronan levels.

Characteristic Elevated Normal
Hyaluronan, Hyaluronan,
n = 30 n = 36

Sex, no. male/female 4/26 4/32
Age at onset, mean ± SD, yrs 46 ± 18 45 ± 16
Disease duration, mean ± SD, yrs 6 ± 9 5 ± 6
Disease pattern, no. dSSc/lSSc 19/11* 16/20
Clinical features
Modified Rodnan TSS, mean ± SD 17 ± 12* 11 ± 6
Pitting scar/ulcer 53* (16) 28 (10)
Diffuse pigmentation 67* (20) 44 (16)
Contracture of phalanges 53 (16) 39 (14)

Organ involvement
Lungs
Pulmonary fibrosis 57* (17) 31 (11)
Decreased %VC 40** (12) 25 (9)
Decreased %DLCO 90* (27) 75 (27)
Pulmonary hypertension 30 (9) 20 (7)

Esophagus 67* (20) 33 (12)
Heart 30* (9) 8 (3)
Kidneys 27* (8) 8 (3)
Joints 40** (12) 8 (3)
Muscles 33** (10) 8 (3)

Laboratory findings
Positive for anti-topoisomerase I antibody 53* 28
Positive for anti-centromere antibody 37 33
Serum IgG, mean ± SD, mg/dl 1896 ± 693* 1552 ± 336
Serum IgA, mean ± SD, mg/dl 384 ± 178* 289 ± 85
Serum IgM, mean ± SD, mg/dl 198 ± 157 190 ± 79
CRP, mean ± SD, mg/dl 0.93 ± 0.57* 0.25 ± 0.21
ESR, mean ± SD, mm/h 20.7 ± 12.6** 13.3 ± 10.0

Unless noted otherwise, values are percentages. Patient numbers are given
in parentheses. *p < 0.05, **p < 0.01 vs SSc patients with normal hyaluro-
nan levels.
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nan levels was accompanied by the presence of pulmonary
fibrosis and decreased %VC and %DLCO, indicating that
hyaluronan levels correlated with the severity of lung fibro-
sis. Remarkably, increased hyaluronan levels were also
associated with the involvement of many other organs such
as the esophagus, heart, kidneys, joints, and muscles.
Finally, hyaluronan levels also correlated with renal vascu-
lar resistance and the presence of pitting scar/ulcer, suggest-
ing that they reflect vascular damage in SSc. Collectively,
these results suggest that the hyaluronan level is a useful
serological marker for evaluating disease severity in patients
with SSc.
A previous study reported that hyaluronan levels were

elevated in early-stage SSc, in patients with disease duration
≤ 2 years, but not in late-stage SSc2. By contrast, in our
study, there was no significant difference in hyaluronan lev-
els between early-stage and late-stage SSc patients. The rea-
sons for this discrepancy are unknown: this may be due to
differences in the patient populations studied or the assay
system used to detect serum hyaluronan. Our results suggest
that serum hyaluronan levels reflect the disease severity
rather than the disease activity in SSc. However, to clarify
the clinical significance of hyaluronan levels in SSc,
prospective studies with larger numbers of patients will be
needed.
In this study, serum hyaluronan levels correlated with

various immunological measures, including the presence of
anti-topoisomerase I antibody and serum levels of IgG, IgA,
CRP, and ESR. Hyaluronan fragments are endogenous lig-
ands for TLR2 and TLR4, which are also expressed by var-

ious immune cells, such as macrophages, B cells, and T
cells11,13,14. Stimulation through TLR2/TLR4 induces B cell
differentiation to Ig-secreting plasma cells and enhances the
production of cytokines, including interleukin 6 (IL-6)13,
suggesting that B cell stimulation by hyaluronan is related to
the correlation of hyaluronan levels with IgG and IgA lev-
els. Further, TLR4 signaling stimulates macrophages to pro-
duce various cytokines, such as IL-614. Since IL-6 is respon-
sible for CRP production15, IL-6 production by hyaluronan-
stimulated B cells and macrophages may contribute to ele-
vated CRP and ESR levels in SSc patients with increased
hyaluronan levels. Further, aberrant regulation or expression
of TLR is suggested to predispose an individual to autoanti-
body production by rendering B cells hyperresponsive to
autoantigens4, which may explain the higher prevalence of
anti-topoisomerase I antibody in SSc patients with elevated
hyaluronan levels. Thus, hyaluronan may play a role in
immunological abnormalities associated with SSc.
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Figure 1.A. Hyaluronan levels in serum samples from patients with lSSc and dSSc and healthy controls (CTL). Serum hyaluronan levels were determined by
ELISA. The short bar indicates the mean value in each group; broken line indicates mean + 2 SD levels of controls. Representative hyaluronan expression in
normal skin (B) and sclerotic skin from patient with SSc (C). Hyaluronan was stained by biotinylated hyaluronan-binding protein (original magnification
×100).
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Figure 2. A. Serum hyaluronan levels in the presence (+) and absence (–) of pitting scar/ulcer, diffuse pigmentation, pulmonary fibrosis, heart involvement,
kidney involvement, and arthritis/arthralgia in SSc patients. Serum hyaluronan levels were determined by ELISA. B. Correlations of serum hyaluronan lev-
els with modified Rodnan TSS, %VC, %DLCO, the pulsatility index (PI) value, and serum levels of IgG and IgA in patients with SSc. PI value is a measure
for renal vascular resistance determined by color-flow Doppler ultrasonography of the renal interlobar arteries of both kidneys. Serum hyaluronan levels were
determined by ELISA.
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