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High serum matrix metalloproteinase 3 is characteristic
of patients with paraneoplastic remitting seronegative
symmetrical synovitis with pitting edema syndrome
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Abstract Recently, it was reported that remitting sero-
negative symmetrical synovitis with pitting edema (RS3PE)
syndrome could be complicated with solid tumors. In a
retrospective, multicenter study between October, 2003 and
September, 2010, we investigated the characteristics of
patients with paraneoplastic RS3PE syndrome who fulfilled
following criteria: (1) bilateral pitting edema of hands or
feet or both, (2) sudden onset of polyarthritis, and (3) age
>50 years, (4) seronegativity for rheumatoid factor (RF).
A total of 33 cases fulfilled the above criteria. Eight patients
(seven men and one woman) developed cancer within
2 years of RS3PE syndrome onset. There was no significant
difference between the neoplastic and nonneoplastic groups
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in the proportions of patients with fever, symmetrical pol-
yarthritis, pitting edema, and good response to corticoste-
roids. Serum matrix metalloproteinase 3 (MMP-3) level
(median 437.3 ng/ml) in the paraneoplastic RS3PE patients
was significantly higher than that in patients without neo-
plasia (median 114.7 ng/ml) (p < 0.05). We found that high
serum MMP-3 is characteristic of patients with paraneo-
plastic RS3PE syndrome.
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Introduction

Remitting seronegative symmetrical synovitis with pitting
edema (RS3PE) syndrome was first described by McCarty
and colleagues in 1985 [1]. Recently, it was reported that
RS3PE syndrome is frequently complicated with malig-
nancies [2, 3]. Sibilia et al. [3] reported six cases of RS3PE
syndrome with solid tumors (four prostatic, one gastric, and
one colic adenocarcinomas), all of which displayed ele-
vated intetleukin-6 (IL-6) levels . It has been shown that
proinflammatory cytokines, including IL-6, can be secreted
by certain solid tumors, and the authors postulated that an
underlying malignancy might have triggered RS3PE syn-
drome via an inflammatory process involving IL-6,
resulting in high serum C-reactive protein (CRP) levels [3].
In addition to IL-6, we reported high serum concentrations
of other humoral factors in patients with RS3PE syndrome,
namely, vascular endothelial growth factor (VEGF) and
matrix metalloproteinase 3 (MMP-3), which, respectively,
account for synovial hypervascularity and inflammation in
these patients [4, 5].

Several environmental factors, or infectious agents such
as Borrelia burgdorferi, Campylobacter jejuni or Helico-
bacter pylori (H. pylori), have been identified as possibly
being involved in the pathogenesis of RS3PE syndrome
[6]. It was reported that among H. pylori-infected indi-
viduals, those with gastric cancer have significantly higher
MMP-3 levels and that elevated MMP-3 levels may thus be
able to predict gastric cancer in such individuals [7].
Considering that RS3PE syndrome may be classified as
paraneoplastic syndrome [3], MMP-3 is considered a bio-
marker for these patients. In this regard, we sought to
identify the characteristics of MMP-3 in patients with
paraneoplastic RS3PE syndrome.

Patients and methods
Patients

A retrospective multicenter study was performed on
patients with RS3PE syndrome fulfilling the following
criteria: (1) bilateral pitting edema of hands or feet or both,
(2) sudden onset of polyarthritis, (3) age >50 years, and
(4) seronegativity for rheumatoid factor (RF). A total of 33
patients was diagnosed with RS3PE syndrome between
October 2003 and September 2010, including nine who
developed solid tumors. Eight of those nine patients
developed cancer within 2 years from RS3PE syndrome
onset; thus, we defined paraneoplastic RS3PE syndrome by
an interval of <2 years between the cancer diagnosis and
RS3PE syndrome. Clinical characteristics of patients with
paraneoplastic RS3PE syndrome (n = 8) were compared

with RS3PE syndrome patients without neoplasia (n = 24).
The one patient in whom cancer occurred early was
excluded from the analysis. Baseline variables included
age, gender, duration from onset to diagnosis, initial
prednisolone dosage, distribution of inflamed joints and
edema, and laboratory data including MMP-3. Response to
prednisolone and the relapse during treatment were also
examined. Informed consent was obtained from each
patient, and the study was approved by the Institutional
Review Board of Nagasaki University.

Enzyme-linked immunosorbent assay (ELISA)

Serum concentrations of MMP-3 in the above individuals
were analyzed by enzyme-linked immunosorbent assay
(ELISA) (Daiichi Fine Chemical Co. Ltd, Takaoka, Japan),
as previously described [8].

Statistical analysis

Clinical data are expressed as the number (%) of patients
with the indicated characteristic. Statistical analysis was
performed using the chi-square test of independence for
sex, number of patients with relapse, fever, and antinuclear
antibody (ANA) positivity. Data for age, WBC count,
hemoglobin, platelets, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and MMP-3 levels are
expressed as medians [standard deviations (SD)]; statistical
analysis was performed using Mann—Whitney’s U test.
A p value <0.05 was considered to indicate statistical
significance.

Results

Clinical characteristics of paraneoplastic
RS3PE syndrome

The eight patients in the paraneoplastic group and the 24
patients in the nonneoplastic group were subjected to
analysis (Table 1). Neoplasia developed within 2 years of
RS3PE syndrome onset in eight patients (25.0%) who were
designated as having paraneoplastic RS3PE syndrome.
These patients were uniformly elderly, with a median age
of 79 (73-87) years; seven (87.5%) were men. The ratio of
male to female patients was significantly higher in the
paraneoplastic group than in the nonneoplastic group.
There was no significant difference between groups in the
number of patients with fever, symmetrical polyarthritis, or
pitting edema. All patients had a good response to pred-
nisolone; however, a few patients relapsed. Rheumatoid
factor and anti-citrullinated protein antibody (CCP Ab)
antibody were all negative.
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Serum MMP-3 is high in paraneoplastic
RS3PE syndrome

There was a trend for serum CRP and ESR to be higher in
paraneoplastic RS3PE patients than in nonneoplastic
patients (Table 1). Serum MMP-3 concentration was
examined, and notably, the median MMP-3 level
(437.3 ng/ml) in paraneoplastic RS3PE patients was sig-
nificantly higher than that in patients without neoplasia
(114.7 ng/ml) (p < 0.05). In male patients, the median
MMP-3 level (437.3 ng/ml) in the paraneoplastic group
was significantly higher than that in nonneoplastic group
(124.0 ng/ml) (Fig. 1). Although active RS3PE patients
had extremely high serum levels of MMP-3, even in the
non-neoplastic group, serum levels of MMP-3 in most
nonneoplastic patients were around 100 ng/ml. In female
patients, the median MMP-3 level in the paraneoplastic
group was 114.35 ng/ml and that of one paraneoplastic
RS3PE patient was 588.1 ng/ml (Table 2).

Discussion

The clinical and laboratory features of patients with RS3PE
are similar to those reported earlier [1-5, 7—10]; however,
we found that malignancies were often complicated with
RS3PE syndrome patients in Japan. A predominance of
male paraneoplastic RS3PE patients was found; however,
their other clinical characteristics, except for MMP-3, were
not markedly different from RS3PE patients without neo-
plasia. Although all our patients met the clinical require-
ments of McCarty for RS3PE syndrome, it was reported
that the inclusion of patients with unilateral involvement or
steroid resistance may increase the frequency of this par-
aneoplastic condition [11]. Systemic signs/symptoms
(fever, anorexia, weight loss) have also been suggested as
one clinical characteristics of paraneoplastic RS3PE syn-
drome. As serum MMP-3 levels are influenced by several
factors, such as sex, corticosteroids, and renal function, we
divided MMP-3 levels by sex and calculated the difference

Table 1 Comparison of clinical features of 32 remitting seronegative symmetrical synovitis with pitting edema (RS3PE) patients with/without

neoplasia
Characteristic Paraneoplastic group (n = 8) Nonneoplastic group (n = 24) P value
Age at diagnosis (years) 79 (73-87) 76 (59-89) 0.327
Sex (M:F) 7:1 10:14 0.024
Duration (from onset to <3 days: 0; <1 week: 1; <1 month: 5; <3 days: 2; <1 week: 8; <1 month:3; >1 month:
diagnosis) >1 month: 2 11

Initial prednisolone dose 5 mg/day: 2; 7.5 mg/day: 0; 10 mg/day: 0; 5 mg/day: 2; 7.5 mg/day: 2; 10 mg/day: 2;

15 mg/day: 0; 20 mg/day: 5; 30 mg/day: 1 15 mg/day: 8; 20 mg/day: 9; 30 mg/day: 1
Response to prednisolone All patients: good response All patients: good response
Relapse 1 2 0.726
Fever 4 15 0.533
Inflamed joints Shoulder 3; elbow 3; wrist 9; MCP 5; PIP 7; Shoulder 13; elbow 13; wrist 22; MCP 13;

knee 3; ankle 5; MTP 1 PIP 11; knee 7; ankle 22 MTP 8
Pitting edema Right hand 7; left hand 7; right foot 6; Right hand 21; left hand 20 right foot 25;

left foot 7 left foot 15
WBC (/mm?) 6,500 (3,900-17,900) 8,600 (3,900-17,200) 0.157
Hemoglobin (mg/dl) 10.3 (9.2-12.5) 11.4 (7.2-18.3) 0.361
Platelet (x 10*/mm?) 29.5 (16.3-46.3) 324 (14-85.1) 0.408
ESR (mm/h) 89.0 (55-108) (n = 6) 61.0 (9-132) (n = 24) 0.341
CRP (mg/dl) 10.59 (3.96-12.35) 5.01 (0.43-21.5) 0.117
ANA (>40x) 4 7 0.282
RF positive 0 0
Anti-CCP Ab positive 0 0
MMP-3 (ng/ml) 437.3 (107.9-761) 114.7 (41.3-2,973.7) 0.045

Data are presented number, unless otherwise indicated

WBC white blood cells, ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANA antinuclear antibodies, RF rheumatoid factor, anti-
CCP Ab anti-citrullinated protein antibody, MMP-3 matrix metalloproteinase 3, MCP metacarpophalangeal, PIP proximal interphalangeal, MTP

metatarsophalangeal

P value refers to the differences between paraneoplastic and nonneoplastic groups
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in serum MMP-3 levels between the paraneoplastic and
nonneoplastic groups. Among male patients, MMP-3 con-
centrations of the paraneoplastic group were significantly
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Fig. 1 Comparison of serum matrix metalloproteinase 3 (MMP-3)
concentrations in remitting seronegative symmetrical synovitis with
pitting edema (RS3PE) patients with/without neoplasia. The MMP-3
level in male patients is shown on the left and that in female patients
on the right. The median MMP-3 level (437.3 ng/ml) in the male
paraneoplastic RS3PE group was significantly higher than that in the
nonneoplastic group (124.0 ng/ml) (¥ p < 0.05). Boxes indicate
interquartile values (25th—75th percentile); lines across the boxes
indicate median values

higher than those of the nonneoplastic group; concentrations
could not be compared in female patients because there was
only one in the paraneoplastic RS3PE group. The influence
of corticosteroids and renal function also could not be
assessed, given the small sample size and retrospective
nature of the study. Nevertheless, our results raised the
question: Why was there such a significant difference in
MMP-3 levels between paraneoplastic and nonneoplastic
patients?

It is well known that serum MMP-3 levels are increased
in patients with active RA, psoriatic arthritis, and polym-
yalgia rheumatica (PMR) [12]. On the other hand, MMPs
are a family of proteolytic enzymes involved in tumor
invasion; several members of this family have been shown
to be relevant to tumor prognosis [13]. It has been reported
that colorectal tumors exhibit increased coexpression of
MMP-3 and MMP-9 [14]. Inuzuka et al. [15] hypothesized
that urokinase-type plasminogen activator (uPA) coex-
pressed with MMP-9 in colorectal cancers is responsible
for activation of plasminogen to plasmin. Plasmin then
activates pro-MMP-3 to MMP-3, which then activates pro-
MMP-9, resulting in colorectal cancer progression. Ele-
vated MMP-3 tissue levels have also been noted in some
urologic carcinomas [16]. These data suggest that increased
levels of MMP-3 might be associated with the progression
or invasion of solid carcinoma. The expression of MMP-3

Table 2 Clinical features of eight patients with paraneoplastic remitting seronegative symmetrical synovitis with pitting edema (RS3PE)

Characteristics 1 2 3 4 5 6 7 8

Age at diagnosis (years) 80 81 73 78 74 79 83 87
Sex M M M F M M M M
Neoplasia Lung Prostate  Rectum Breast Stomach Colon  Lung Stomach
Duration (months) 0.8 23 1.5 4.5 1.7 1.2 13.2 1.0
Initial prednisolone dose (mg/day) 5 5 30 20 20 20 20 20
Response to prednisolone Good Good Good Good Good Good Good Good
Relapse No No No No No No Yes No
Fever No No Yes Yes Yes No Yes No
Arthritis Yes Yes Yes Yes Yes Yes Yes Yes
Pitting edema Hands  Hands Hands, feet  Hands, feet ~ Hands, feet  Feet Hands, feet  Hands, feet
WBC (/mm?*) 8,230 7,410 17,900 7,000 6,500 5,800 3,900 6,100
Hb (mg/dl) 12.5 11.9 10.3 9.6 9.2 9.2 12.2 10.8
Platelet (x 10%/mm®) 37.3 29.5 46.3 17.3 31.1 21 16.3 41.8
ESR (mm/h) n.d. 55 108 n.d. 79.1 98 89 41
CRP (mg/dl) 10.59 6.37 12.35 11.09 11.3 8.7 3.96 10.69
RF - - - - - - - -
Anti-CCP Ab (U/ml) 1.6 1.2 1 0.6 n.d. 0.9 - n.d.
ANA <20x 20x <20x 20x 40x 40x 320x 40x
MMP-3 (ng/ml) 107.9 4579 4373 588.1 761 425 130 550
Serum VEGF (pg/ml) n.d. n.d. 4.006.5 n.d. 2.010 n.d. n.d. n.d.

WBC white blood cells, Hb hemoglobin,

ESR erythrocyte sedimentation rate, CRP C-reactive protein, ANA antinuclear antibodies, RF

rheumatoid factor, anti-CCP Ab anti-citrullinated protein antibody, MMP-3 matrix metalloproteinase 3, VEGF vascular endothelial growth

factor, n.d. not determined
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was also reported in other cancers, such as breast, colon,
and basal cell [14, 17, 18]. Fifteen (75%) of the 20 para-
neoplastic RS3PE patients described by Cantini et al. [11]
had prostatic, gastric, or colon carcinomas, and in 11 (73%)
of them, the histological type was adenocarcinoma. Four of
the remaining five patients had non-Hodgkin’s lymphoma.
In our paraneoplastic RS3PE syndrome patients, six who
had alimentary tract, breast, or prostate cancers showed
high MMP-3 levels, >400 ng/ml. The remaining two, who
had lung cancers, showed lower levels of MMP-3 (107.9
and 130 ng/ml, respectively. Significantly higher serum
MMP-3 in patients with paraneoplastic RS3PE syndrome
may reflect the production of MMP-3 in situ of carcinoma
tissues as well as in synovial tissues, and relatively high
CRP and ESR levels might be associated with MMP-3. As
this was a retrospective study, we could not obtain and
compare differences in serum vascular endothelial growth
factor (VEGF) concentrations between patients with and
without paraneoplastic RS3PE syndrome. We plan to solve
this problem by a prospective study.

Previous studies have reported an increased risk of
cancer in several rheumatic syndromes, particularly Sjo-
gren’s syndrome, dermatomyositis, and temporal arthritis
[19]. Rheumatic manifestations of cancer are usually
indistinguishable from idiopathic rheumatic disease; how-
ever, certain features of rheumatic syndrome are more
likely to be associated with a hidden malignancy. Although
the search for malignancy in patients presenting the typical
PMR is not justified, in atypical PMR, there is a significant
risk for cancer, which should be assessed. Although RS3PE
syndrome, like PMR, develops in the elderly population,
there was no significant difference in clinical features
except age and MMP-3 levels between the paraneoplastic
and nonneoplastic RS3PE groups. This fact has been
overlooked by most general physicians. Importantly, seven
of the eight patients in our study with paraneoplastic
RS3PE syndrome were not diagnosed within 1 week. We
conclude that early diagnosis of RS3PE is important and
that an especially high MMP-3 level is a meaningful bio-
marker of RS3PE syndrome complicated with malignancy.

Acknowledgments This work was supported in part by Intractable
Diseases, the Health and Labor Sciences Research Grant from the
Ministry of Health, Labor and Welfare of Japan.

Conflict of interest None.

References

1. McCarty DJ, O’Duffy JD, Pearson L, Hunter JB. Remitting
seronegative symmetrical synovitis with pitting edema. JAMA.
1985;254:2763-17.

@ Springer

10.

11.

12.

15.

16.

17.

18.

19.

. Russell EB, Hunter JB, Pearson L, McCarty DJ. Remitting

seronegative symmetrical synovitis with pitting edema. Thirteen
additional cases. J Rheumatol. 1990;17:633-9.

. Sibilia J, Friess S, Schaeverbeke T, Maloisel F, Bertin P, Goichot

B, et al. Remitting seronegative synovitis with pitting edema
(RS3PE): a form of paraneoplastic polyarthritis? J Rheumatol.
1999;26:115-20.

. Arima K, Origuchi T, Tamai M, Iwanaga N, Izumi Y, Huang M,

et al. RS3PE syndrome presenting as vascular endothelial growth
factor associated disorder. Ann Rheum Dis. 2005;64:1653—-4.

. Kawashiri S, Nakano M, Kawakami A, Eguchi K. Monitoring of

therapeutic efficacy in a patient with RS3PE syndrome by sero-
logic variables and radiographic methods. Rheumatol Int.
2010;30:1677-80.

. Tunc SE, Arshan C, Bayram N, Sahin M, Akkus S, Yorgancigil

H. Paraneoplastic remitting seronegative symmetrical synovitis
with pitting edema (RS3PE syndrome): a report of two cases and
review of the literature. Rheumatol Int. 2004;24:234-7.

. Yeh Y, Sheu B, Cheng H, Wang YL, Yang HB, Wu JJ. Elevated

serum matrix metalloproteinase-3 and -7 in H. pylori-related
gastric cancer can be biomarkers correlating with a poor survival.
Dig Dis Sci. 2010;55:1649-57.

. Obata K, Iwata K, Okada Y, Kohrin Y, Ohuchi E, Yoshida S,

et al. A one-step sandwich enzyme immunoassay for human
matrix metalloproteinase 3 (stromelysin-1) using monoclonal
antibodies. Clin Chim Acta. 1992;211:59-72.

. Olive A, del Blanco J, Pons M, Vaquero M, Tena X. The clinical

spectrum of remitting seronegative symmetrical synovitis with
pitting edema. J Rheumatol. 1997;24:333-6.

Queiro R. RS3PE syndrome: a clinical and immunological study.
Rheumatol Int. 2004;24:103-5.

Cantini F, Salvarani C, Olivieri 1. Paraneoplastic remitting sero-
negative symmetrical synovitis with pitting edema. Exp Rheu-
matol. 1999;17:741-4.

Ribbens C, Martin y Porras M, Franchimont N, Kaiser MJ, Jaspar
JM, Damas P, et al. Increased matrix metalloproteinase-3 serum
levels in rheumatic diseases: relationship with synovitis and
steroid treatment. Ann Rheum Dis. 2002;61:161-6.

. Curran S, Dundas SR, Buxton J, Leeman MF, Ramsay R, Murray

GI. Matrix metalloproteinase/tissue inhibitors of matrix
metalloproteinase phenotype identifies poor prognosis colorectal
cancers. Clin Cancer Res. 2004;10:8229-34.

. Zucker S, Vacirca J. Role of matrix metalloproteinases (MMPs)

in colorectal cancer. Cancer Metastasis Rev. 2004;23:101-17.
Inuzuka K, Ogata Y, Nagase H, Shirouzu K. Significance of
coexpression of urokinase-type plasminogen activator, and matrix
metalloproteinase 3 (stromelysin) and 9 (gelatinase B) in colo-
rectal carcinoma. J Surg Res. 2000;93:211-8.

Gohji K, Fujimoto N, Komiyama T, Fujii A, Ohkawa J, Ka-
midono S, et al. Elevation of serum levels of matrix metallo-
proteinase-2 and -3 as new predictors of recurrence in patients
with urothelial carcinoma. Cancer. 1996;78:2379-87.

Ueno H, Nakamura H, Inoue M, Imai K, Noguchi M, Sato H,
et al. Expression and tissue localization of membrane-types 1, 2,
and 3 matrix metalloproteinases in human invasive breast carci-
nomas. Cancer Res. 1997;57:2055-60.

Kerkeld E, Saarialho-Kere U. Matrix metalloproteinases in tumor
progression: focus on basal and squamous cell skin cancer. Exp
Dermatol. 2003;12:109-25.

Naschitz JE, Rosner I, Rozenbaum M, Zuckerman E, Yeshurun
D. Rheumatic syndromes: clues to occult neoplasia. Semin
Arthritis Rheum. 1999;29:43-55.



	High serum matrix metalloproteinase 3 is characteristic of patients with paraneoplastic remitting seronegative symmetrical synovitis with pitting edema syndrome
	Abstract
	Introduction
	Patients and methods
	Patients
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Clinical characteristics of paraneoplastic RS3PE syndrome
	Serum MMP-3 is high in paraneoplastic RS3PE syndrome

	Discussion
	Acknowledgments
	References


