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SUMMARY Serum amyloid A protein (SAA) concentrations were determined in 62 patients with
progressive systemic sclerosis (PSS). Forty-seven patients had normal or slightly elevated SAA
levels (<1000 ng/ml=,ug/l), while 15 patients had moderately to markedly elevated SAA levels,
similar to those observed in active rheumatoid arthritis (RA) (31000 ng/ml=,ug/l). Five patients
with PSS had SAA levels corresponding to those observed in amyloidosis secondary to RA. High
SAA was associated with more severe skin thickening and diminished cumulative survival at five
years. The rarity of amyloidosis secondary to PSS is unlikely to be related to an intrinsic defect in
SAA production.
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Amyloidosis occurs as a complication of a number of
rheumatic diseases including rheumatoid arthritis
(RA), juvenile rheumatoid arthritis (JRA), and
ankylosing spondylitis.' Amyloid A protein (AA),
which can be extracted from tissue amyloid deposits
in chronic inflammatory disorders, is derived from
the acute phase protein, serum amyloid A (SAA).2
Progressive systemic sclerosis (PSS, scleroderma) is
a connective tissue disease characterised by fibrotic
changes involving the skin, joints, heart, lungs,
gastrointestinal tract, and kidneys.3 However, amy-
loidosis is rarely associated with PSS, having been
reported previously in only six cases.i7 The specific
type of amyloid protein (primary AL or secondary
AA) was not determined biochemically in these
cases.

This study was undertaken to determine the SAA
response associated with disease activity in patients
with PSS, as the failure of SAA concentrations to
rise would represent a possible explanation for the
rarity of amyloidosis in this condition. SAA concen-
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trations in association with disease activity have not
previously been determined in patients with PSS,
though individuals with PSS have been noted to
have a defective acute phase SAA response after
prostaglandin El (PGEI) infusion.8 However, the
serum concentrations of other acute phase reac-
tants, including C-reactive protein, alpha-i-
antitrypsin, and C3, have been shown to be elevated
in one-third of patients with PSS.9
Patients and methods
Sera were obtained at the time of first evaluation
from 62 patients with PSS examined at the Univer-
sity of Pittsburgh. The patients were divided in two
groups, 31 having PSS and diffuse scleroderma and
31 having PSS and the CREST syndrome variant
(calcinosis, Raynaud's phenomenon, oesophageal
dysmotility, sclerodactyly, telangiectasia). Fifty-six
of the 62 patients (90%) fulfilled the preliminary
ARA criteria for the classification of definite
systemic sclerosis. There were 42 females and 20
males, with a mean age of 48-8 years. At the time
the sera were obtained the mean disease duration
was 6-5 years (range 0-2 to 30-5 years). Total skin
score was determined as previously defined.10

Twenty-six patients fulfilling the ARA diagnostic
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criteria for classical or definite RA were examined
at Boston University Medical Center.'1 Seven of
these patients had biopsy-proved amyloidosis. Thir-
teen of the 19 remaining patients with RA had
markedly active disease, defined by a clinical
activity score, while six patients had mildly active
disease.'2 Although the mean age of RA patients
with or without amyloidosis was identical (60 years),
the patients with amyloidosis had a longer duration
of disease (mean=29 years, range 5-63 years) than
those without amyloidosis (mean=9 years, range
1-30 years). Sera from 12 healthy volunteers were
used for control SAA levels.
SAA was measured by solid phase radioimmu-

noassay as the ability of sera to compete with
125I-AA for binding to rabbit anti-human AA
antibody immobilised on polyvinylchloride plates,
as described previously.13 All sera were stored at
-20°C prior to determination of SAA. Normal
values for this assay are less than 200 ng/ml (,ug/l).
Slight elevation of SAA is defined as 200-999 ng/ml
(,ug/l), and moderate to marked elevation as 1000
ng/ml (,tg/l) or more.
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Results

SAA levels were determined in sera from 12
healthy volunteers and 26 patients with RA (Fig. 1).
Normal SAA concentration was 129±8 ng/ml
(mean±SEM). Six patients with mildly active RA
had SAA concentrations of 1883±345 ng/ml, while
13 patients with very active RA had SAA levels of
17 954±2961 ng/ml. In comparison, the SAA con-
centration in seven individuals with RA and secon-
dary amyloidosis was 29 443±5907 ng/ml. (SI con-
version: ng/ml=,ug/l.)

Patients with PSS had a wide range of SAA
concentrations (Fig. 1). Sixty-one (98%) of the 62
patients had elevated SAA levels. Thirty-one pa-
tients with PSS and diffuse scleroderma had a
median SAA concentration of 646 ng/ml (range
284-37 800), while 31 patients with PSS and CREST
syndrome had a median SAA concentration of 448
ng/ml (range 160-11 130). There was no significant
difference in SAA concentration between the PSS-
diffuse scleroderma and PSS-CREST syndrome
groups by non-parametric statistical analysis.

For further analysis, 15 patients with moderately
or markedly elevated SAA levels (1000+ ng/ml)
were compared with 47 patients with normal or
slightly elevated SAA concentrations (less than 1000
ng/ml) (Table 1). Patients with high SAA levels
tended to have more extensive and severe skin
thickening (diffuse scleroderma). Ten high-SAA-
level patients had PSS-diffuse and five had PSS-
CREST. The patient with the highest SAA level (37
800 ng/ml) had diffuse scleroderma and renal
insufficiency and subsequently died of this complica-
tion. The individual with the next highest level (18
060 ng/ml) had no evidence of visceral PSS at the
time of study but died of cardiac complications six
months later. The total skin score was higher in
patients with high levels of SAA, and during
follow-up this difference became statistically signifi-
cant. There have been three deaths in the 15
patients with moderately or markedly elevated SAA
compared with 4 in the 47 normal or mildly elevated
SAA group. No infections or malignancies were
identified in the high SAA patients. No associations
were found between moderate to markedly elevated
SAA and HLA-A, B, or D histocompatibility types,
though admittedly the number of patients in each
group is small.

Normals RA RA RA PSS PSS
Mild Severe and Difftise Crest

Activity Activity Amyloid-
osis

Fig. 1 SAA concentration (nglml=g/I) in PSS (diffuse or

CREST syndrome) compared with RA, amyloidosis
secondary to RA, and normal persons.

Discussion

In the present study all but one PSS patient had at
least a mildly elevated SAA concentration. More-
over, the SAA levels in a subgroup of 15 (24%) PSS
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Table 1 Comparison ofclinical and laboratory features in patients with moderately or markedly elevated SAA versus
normal or mildly elevated SAA at first evaluation

Demographic information
Mean age (years)
Sex (% women)
Disease duration (years)

Clinical involvement (% positive)
Raynaud's phenomenon
Skin (total skin score)
Joints (arthralgia, arthritis

or tendon friction rubs)
Gastrointestinal tract
Lungs
Heart
Kidneys

Laboratory abnormalities
Sedimentation rate (mm/h, Wintrobe)
Serum complement-C3 (mg/dl)
FANA (positive in any titre)

Follow-up data
Highest total skin score
Cumulative survival at 5 years

SI conversion: mg/dlx l0=mg/l. FANA=fluorescent antinuclear antibodies.

patients were in fact found to be in the same range
as seen in patients with active RA. Several of the
PSS patients displayed SAA concentrations similar
to those observed in individuals with known amy-
loidosis secondary to RA. It was further noted that
the subgroup of PSS patients with high levels of
SAA had somewhat more severe disease at the time
of initial examination, as determined by severity of
skin thickening and other acute phase reactants
(Table 1).
SAA production is mediated by a soluble

macrophage-derived factor originally termed 'SAA
inducer' and known to be closely related to inter-
leukin 1 (IL 1).14 15 Patients with PSS have been
shown to have impaired acute phase SAA responses
after infusion of PGE1.8 Preliminary studies indi-
cated that leucocytes from patients with PSS have
defective IL 1 production in response to stimulation
with heat killed staphylococci.8 From these observa-
tions it was postulated that patients with PSS have
impaired IL 1 production in the presence of active
disease, and furthermore that a presumed resultant
failure to significantly increased SAA levels explains
the rarity of amyloidosis in PSS. However, in
another preliminary study it was found that
peripheral blood mononuclear cells from a small
number of patients with PSS in fact elaborated

increased amounts of IL 1 activity spontaneously
compared with controls.'6

Our study suggests that patients with PSS tend to
have mildly elevated SAA levels, presumably as a

result of low grade disease activity. With more
active disease the acute phase SAA levels in PSS
patients become comparable to those observed in
active RA and amyloidosis secondary to RA. The
rarity of amyloidosis associated with PSS does not
seem to be related to an intrinsic defect in SAA
production, but may be a result of the shorter
duration of disease in patients with severe PSS,
who have the highest SAA levels. This further
suggests that elevated SAA levels are not necessarily
indicative of amyloidosis and that other factors
are important in the pathogenesis of amyloid
deposition.
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