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Abstract
Objective

To assess the frequency and clinical correlates of the systemic sclerosis-related autoantibodies to RNA
polymerases in Italian patients.

Methods
Sera from 115 patients with systemic sclerosis (SSc) and 10 patients with systemic sclerosis-overlap 
syndromes recruited from a single center in northern Italy were investigated for antibodies to RNA 

polymerase I, II, and III by means of immunoprecipitation using 35S-labeled HeLa cell antigen extract.
Twenty-five normal volunteers and 91 patients with different connective tissue diseases were studied as 

a control group.

Results
Antibodies to RNA-polymerases were found in 14/115 SSc patients (12.1%). None of the normal controls

and none of the patients with other connective tissue diseases, including overlap syndromes, were positive.
Antibodies reacting with RNA-polymerase I and III (± RNA-polymerase II) were found in 9/115 patients
(7.8%) and were mutually exclusive with respect to other scleroderma-related autoantibodies. Isolated

anti-RNA polymerase II reactivity was found in 5 patients and was associated with anti-topoisomerase I
antibodies in 4 cases. Anti-RNA-polymerase I and III antibodies were associated with diffuse cutaneous
involvement and male gender. Only two patients from our series had scleroderma renal crisis, and one of

them had anti-RNA polymerase antibodies.

Conclusions
Anti-RNA-polymerase antibodies appear to be less frequent in Italian patients than in Caucasian patients
from the United Kingdom or USA. This might be associated with the lower frequency of scleroderma renal

crisis.

Key words
Systemic sclerosis, connective tissue disease, autoantibodies, RNA-polymerases, scleroderma renal crisis.

Clinical and Experimental Rheumatology 2003; 21: 301-306.



RNA-polymerase antibodies in Italy / A. Bardoni et al.

302

Please address correspondence to:
Prof. Carlomaurizio Montecucco,
Divisione di Reumatologia, Policlinico 
S. Matteo, 27100 Pavia, Italy. 
E-mail: montecucco@smatteo.pv.it

Received on September 19, 2002; accepted
in revised form on January 21, 2003.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2003.

Introduction
Autoantibodies directed towards RNA
polymerases (RNAP) were first detect-
ed 20 ye a rs ago (1) and have been
extensively studied in systemic sclero-
sis (SSc) thereafter (2-11). There are
t h ree diffe rent RNAP in eukaryo t i c
cells (RNAP I, II and III), and thre e
main groups of autoantibodies to
RNAP (anti-RNAP) in SSc patients. A
first group recognizes all 3 RNAP, a
second group recognizes only RNAP I
and III, and a third group is directed
only to RNAP II, in particular to its
phosphorilated form IIo (11). The latter
specificity may be found in SSc along
with other autoantibodies such as anti-
topoisomerase I (topo-I) (7,11) and it
has been reported in some patients with
systemic lupus ery t h e m atosus (SLE)
and mixed connective tissue disease as
well (12). On the other hand, the auto-
antibodies directed to RNAP I, III were
almost ex cl u s ive ly found in pat i e n t s
with SSc and can identify a definite
clinical and sero l ogic subset. A n t i -
RNAP I, III antibodies were reported to
be mutually exclusive with respect to
either anti-topo-I and anticentro m e re
antibodies (ACA) and associated with
an increased fre q u e n cy of renal in-
vo l ve m e n t , i n cluding scl e ro d e rm a
renal crisis (4,5,8,11,13). A significant
association with heart involvement and
poor survival rate was also found in one
study (4).
The re l at ive fre q u e n cy and the prog n o s-
tic meaning of the diffe rent sero l ogi c
subsets in SSc may va ry according to
racial or ge ographic fa c t o rs (14-16); in
p a rticular a higher fre q u e n cy of anti-
R NAP I, III was found in Caucasian
p atients from USA than in A m e ri c a n
bl a cks and Japanese patients (17). A t
p re s e n t , no data are ava i l able about the
f re q u e n cy of occurrence and cl i n i c a l
s i g n i ficance of anti-RNAP in pat i e n t s
f rom Mediterranean countries. This may
be of interest since seve ral recent sur-
veys from Italy, Spain and Greece have
s h own that SSc may have a lower rate of
renal invo l vement with respect to Nort h-
e rn Europe and A m e rica (18-20). 

Patients and methods
Patients
We studied 115 patients with SSc re-

cruited from the Division of Rheuma-
tology of the Pavia University Hospital
in nort h e rn Italy. All these pat i e n t s
we re consecutive ly re c ruited from 1995
and 1999, and followed-up for at least
two years. 104 patients (90.4%) fulfil-
led the American College of Rheuma-
tology preliminary criteria for classifi-
cation as definite SSc (21); the remain-
ing 11 patients we re suffe ring fro m
Raynaud’s phenomenon with a positive
test for ACA and a scleroderma pattern
at nail-fold capillaroscopy, thus fulfill-
ing the recently proposed criteria for
limited SSc (21). In most patients bl o o d
samples were obtained at the first visit
and in all cases befo re any tre at m e n t
w i t h immunosuppressive agents. 22 pa-
tients had been previously treated with
steroids. Sera from patients with scle-
ro d e rma renal crisis we re eva l u at e d
both at the first visit and when the renal
crisis was diagnosed. 
We also studied 10 patients with SSc-
overlap syndrome. All of these patients
fulfilled the criteria for both SSc and
another connective tissue disease, in-
cluding polymyositis or dermatomyosi-
tis (23) in 5 cases, Sjögren’s syndrome
(24) in 3 cases, and SLE (25) and rheu-
matoid arthritis (26) in one case, each. 
Twenty-five age- and sex-matched nor-
mal vo l u n t e e rs re c ruited from bl o o d
d o n o rs and lab o rat o ry staff, and 91 age -
and sex - m at ched patients with other
a u t o i m mune rheumatic diseases (30
SLE,27 rheumatoid arthritis, 21 prima-
ry Sjögren’s syndrome, 13 polymyosi-
tis/dermatomyositis) were evaluated as
a control group.

Clinical evaluation 
In order to compare our findings with
those reported in previous studies, SSc
patients were classified as having either
limited cutaneous disease (lcSSc) or
diffuse cutaneous disease (dcSSc). Pa-
tients with lcSSc had skin scl e ro s i s
restricted to the extremities and face,
while in patients with dcSSc skin scle-
rosis was proximal to the elbows or
knees and could extend towa rd the
t runk (5). Patients with limited SSc with-
out cutaneous sclerosis were grouped
along with lcSSc. 
The onset of the disease was taken as
the appearance of the first definite SSc
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sign or symptom other than Raynaud’s
phenomenon. Organ involvement was
defined as at least grade one severity
within each organ system according to
the disease severity scale for SSc (27)
with few additional items. In particular,
respiratory involvement was determin-
ed in all cases by carbon monox i d e
transfer (TLCO), forced vital capacity
(FVC), chest radiograph, and high res-
olution computed tomograp hy (HRCT).
Interstitial lung disease was defined as
a > 20% reduction from the expected
TLCO or FVC values, and/or signifi-
cant fibrosis or ground glass lesions at
HRCT scored according to Kazerooni
et al. (28). Isolated pulmonary hyper-
tension was suggested by a reduction of
TLCO with normal FVC, no evidence
of interstitial lung disease by HRCT,
and an estimated mean pulmonary arte-
rial pressure >30 mm Hg by Doppler
echocardiography.
C a rdiac invo l vement was re c o rded wh e n
one or more of the following features
were present: left ventricular ejection
fraction < 50% on echocardiography,
conduction defects on EKG, arrhyth-
mia requiring specific treatment, and
evidence of pericarditis or pericardial
effusion on EKG and/or echocardiogra-
phy. 
Renal invo l vement was defined as a
p e rsistent and otherwise inex p l i c abl e
renal impairment (serum creatinine >
1.3 mg/dl) or proteinuria (> 0.5 g/day).
Renal crisis was defined as acute or
subacute development of renal insuffi-
ciency often associated with accelerat-
ed arterial hypertension or microangio-
pathic haemolytic anemia or both (5). 

Anticentromere and anti-topoiso-
merase I antibodies 
Antinuclear antibodies (ANA) were de-
tected by indirect immunofluorescence
as described (29), on HEp-2 cells (Dia-
medix Co, Miami Florida, USA) with
serum diluted 1:80. ACA were identi-
fied from the ANA pattern. 
Antibodies to extractable nuclear anti-
gens were evaluated in all sera by coun-
t e ri m mu n o e l e c t ro p h o resis using solu-
ble ex t racts from human spleen and
rabbit thy mus (Pe l f reez Biologi c a l s ,
R oge rs A k a n s a s , USA) fo l l owed by
comparison with sera of known speci-

ficity according to standard technical
procedures previously described (30).
Positive sera were confirmed by ELI-
SA using a commercially available kit
(Diamedix Co, Miami Florida, USA).
All anti-topoI positive sera by CIE gave
positive results by ELISA. 

Anti-RNA-polymerase antibodies
A n t i - R NAP we re eva l u ated by immu n o-
p re c i p i t ation from 3 5S methionine-lab e l-
led HeLa cell extract using sera from
all patients and controls. 
HeLa cells were maintained at 37°C
and 5% CO2 in RPMI 1640 medium
supplemented with 5% heat inactivated
fetal bovine serum (Biowhittaker Eur-
ope, Verviers, Belgium), 60 µg/ml pen-
i c i l l i n , and 100 µg/ml strep t o my c i n .
For the preparation of radiolabeled cell
extracts, 1x107 HeLa cells were cultur-
ed in methionine- and cy s t e i n e - f re e
RPMI 1640 with 6 µCi/ml (at 2 x 105

cell/ml) [3 5S] methionine-cysteine (ICN
R a d i o ch e m i c a l s , Costa Mesa, C A ,
USA) supplemented with 2.5% PBS
dialyzed fetal calf serum for 14h (4).
The cells were harvested and washed
with cold tri s - bu ffe red saline (TBS)

(140 mM NaCl, 40 mM Tris-HCl, pH
7.4) and resuspended in buffer contain-
ing 500 mM NaCl, 10 mMTris –HCl,
pH 8.0, 0.1% Igepal CA 630 (Sigma,
St.Louis, Missouri USA), supplement-
ed with 2 mM phenyl-methyl-sulfonyl-
fluoride to minimize proteolytic degra-
dation. The cells were then sonicated
on ice three times for 40 sec each and
centrifuged at 14,000 g for 15 min. The
supernatant was used as the source of
antigen.
Immunoprecipitation from radiolabel-
ed cellular ex t ract was perfo rmed at
4°C as described by Kuwana et al. (4).
Briefly, 20 µl of undiluted sera were
incubated with 0.5 ml of 4 mg/ml pro-
tein A - S ep h a rose CL 4B (Pharm a c i a
Amersham Biosciences, Uppsala, Swe-
den) in IPP bu ffer and ro t ated end-
over-end overnight. The antibody-coat-
ed protein A beads were then washed 5
times with IPP buffer, centrifuged at
9000 rpm for 1 minute and resuspend-
ed in 400 µl di IPP buffer. Fifteen µl of
radiolabeled cell extract were added to
e a ch sample and the samples we re
rotated end-over-end for 2 hr at 4°C;
after 10 washes with IPP buffer, the

Fig. 1. Autoradiograph of 7.5% polyacrylamide gel showing the precipitated proteins of [35S] methio-
nine-labeled HeLa cell extract using reference samples or patient sera. Lane 1: normal control serum.
Lane 2: anti-RNA polymerase II positive control reacting to the phosphorylated form IIo (240 kD) as
well as to the subunits IIa (220 kD) and IIc (145 kD). Lane 3: SSc serum reacting to RNAP IIo and IIc.
Lane 4: SSc serum reacting to RNA polymerase IIo,IIa and IIc. Lane 5: anti-RNA polymerase III pos-
itive control serum reacting to the subunits IIIa (155 kD) and IIIb (138 kD). Lane 6: SSc serum react-
ing to all three RNA polymerases. Lane 7: anti-RNA polymerase I positive serum reacting to RNA
polymerase I subunits Ia (190 kD) and Ib (120 kD) as well as to RNA polymerase III. Lane 8: SSc
serum reacting to RNA polymerase I and III.
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samples were centrifuged at 9000 rpm
for 1 minute at 4°C. The immunopre-
cipitated proteins were denaturated by
boiling for 5 min in 25 µl sample buffer
and fra c t i o n ated on 7.5% polya c ry-
lamide-SDS gels. Gels were then treat-
ed with EN3HANCE (DuPont NEN,
B ru xelles Belgium) and ra d i o l ab e l e d
proteins were visualized by autoradiog-
raphy.
Anti-RNAP reactivity was assessed by
c o m p a rison with re fe rence samples
(Fig. 1). Anti-RNAP I and III reference
sera were a kind gift from Dr. Chris
Bunn (Department of Clinical Immu-
nology, Royal Free Hospital, London,
UK). Anti-RNAP II reference standard
was a IgG2a mouse monoclonal anti-
body directed towards RNAP II (Clone
8WG16; Bab C O, R i chmond Califo r-
nia, USA) used at a 1:50 working dilu-
tion. 

Statistical analysis
Continuous variables were reported as
mean and standard deviation, or medi-
an and quartiles if skewed. Frequencies
and perc e n t ages we re calculated fo r
categorical variables. SSc subsets were
compared by means of Student’s t-test
(or Mann Whitney U test if appropri-
ate) and Fisher exact test for continu-
ous and categorical variables, respec-
tively. Stata 7 (StataCorp, USA) was
used for computation. A 2-sided p-
value < 0.05 was retained for statistical
significance.

Results
Frequency of autoantibodies 
ANA were present 111 out of 115 SSc
patients (96.5%) and ACA were identi-
fied in 42 patients (36.5%). Anti-topo I
were detected in 27 patients (23.5%)
while 11 patients had other defi n e d
specificities; anti-SSA/Ro (5 patients),
anti-SSA/Ro and SSB/La (2 patients),
anti-U1RNP (2 patients), anti-U3RNP
and anti-PM-Scl.
By immunoprecipitation, banding pat-
terns characteristic of RNAP I, II and
III, or RNAP I and III, or RNAP II
were detected (Fig. 1) in 14 out of 115
patients with SSc (12.1%). Three pa-
tients showed antibodies directed to all
three RNAPs, 6 patients had antibodies
directed to both RNAP I and RNAP III,

and 5 patients had antibodies directed
only to RNAP II. Thus, anti-RNAP I,
III reactivity was found in 9 patients
(7.8%) and isolated anti-RNAP II in 5
(4.3%). 
None of the normal controls and none
of the other CTDs, including SSc-over-
l ap syndro m e s , s h owed anti-RNA P
reactivity.
Table I shows the association between
anti-RNAP and other defined serologic
markers in SSc patients. Anti-RNAP I,
III we re never associated with other
systemic sclerosis-related autoantibod-
ies, while isolated anti-RNAP II were
frequently found along with anti-topo I.
All patients with anti-RNAP I, III had a
fine speckled ANA fluorescence pat-
tern and 3 of them also showed a nucle-
olar pattern. Patients with anti-RNP II
and anti-topo I had a diffuse grainy pat-
tern staining as usually found in anti-
topo I positive cases. The only one
patient with isolated anti-RNP II reac-
tivity who was negative for anti-topo I
exhibited a diffuse fine speckled pat-
tern. 

Clinical features associated with 
antibodies to RNAP 
The median follow-up of our patients
was 4.87 (interquartile range = 2.8-5.9)
years, and the median duration of the
disease at the end of follow-up 8.9 (3.7
- 15.5) years. Table II shows the main
clinical features in patients with anti-
RNAP I, III as compared with the other
serological subsets. A statistically sig-
nificant difference with respect to the
other subsets (p = 0.02) was sex distri-
bution with a male to female ratio of
4:5. Furt h e rm o re, a n t i - R NAP I, I I I
reactivity was associated with dcSSc,
showing a frequency similar to that of
anti-topo I positive patients and signifi-
c a n t ly higher than that found in the
other serological subsets (p < 0.01).
No differences were found with regard
to involvement of the peripheral vascu-
lar system, joints and tendons, muscles,
or ga s t rointestinal tract between the
patients with anti-RNAP I, III and the
remaining group. As for anti-RNAP II
positive patients, 3 had dcSSc, and 3
had moderate to severe interstitial lung

Table I. Frequency of anti-RNA polymerase (RNAP) antibodies in SSc patients according
to the presence of other autoantibody specificities (ACA: anticentromere antibodies; anti-
topoI: anti-topoisomerase I antibodies).

Serologic subset Anti-RNAP I, II, III Anti-RNAP I, III Anti-RNAP II

All SSc (115 pts) 3 6 5
ACA positive (42 pts) 0 0 0
Anti-topo I positive (27 pts) 0 0 4
Other defined specificities (11 pts) 0 0 0

Table II. Main clinical characteristics of 115 patients with SSc according to the presence of
anti-topoisomerase I antibodies (topo-I), anti-centromere antibodies (ACA) or anti-RNA
polymerase I-III antibodies (RNAP I, III). 

Characteristic Topo-I positive ACA positive RNAP I,III positive RNAP I,III negative
(27 patients) (42 patients) (9 patients) (106 patients)

Male gender 4 (15%) 2 (5%) 4 (44%)§ 12 ( 11%)
Age at onset 55.9±11 56.8±11 52.2±12 55.7±12
Limited SSc 8 (30%) 41 (98%) 3 (33%) 71 (67%)
Diffuse cutaneous SSc 19 (70%) 1 (2%) 6 (67%) 35 (33%)
Lung involvement 20 (74%) 12 ( 29%) 4 (44%) 46 (43%)
Isolated pulmonary 
hypertension 0 6 (14%) 1 (11%) 9 (8%)
Kidney involvement 3 (11%) 0 2 (22%) 5 (5%)
Heart involvement 7 (26%) 5 (12%) 3 (33%) 14 (13%)
Deceased patients 3 (11%) 1 (2%) 1 (11%) 6 (6%)

§ p < 0.05 vs anti-RNAP negative patients.
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disease, as usually found in anti-topo I
positive patients.
Only 2 of our patients developed a full-
blown picture of scleroderma renal cri-
sis. One had anti-topo I, and one anti-
R NAP I, III antibodies. The fo rm e r
patient had dcSSc and was negative for
anti-RNAP antibodies both at the first
visit and at the time of renal crisis; the
latter patient had lcSSC and was also
s u ffe ring from isolated pulmonary
hypertension. 

Discussion
The present study shows that antibod-
ies to RNAP I,III were present in 9 sera
from 115 patients with any form of SSc
(7.8%) and in 6 sera from 41 patients
with dcSSc (14.6%). These figures, ob-
tained in unselected Caucasian patients
f rom Italy, a re distinctly lower than
those rep o rted in Caucasian pat i e n t s
from USA and UK (Table III). 
Our results are in keeping with previ-
ous studies showing that anti-RNA P
reactivity is highly specific for SSc (4,
5,8,11). Also, the subgroups of anti-
RNAP and their association with the
different serologic subsets in our pa-
tients was similar to those reported in
p revious studies (8, 11). In fa c t , n o
serum with isolated reactivity to RNAP
I or RNAP III was found in our series,

while 6 sera recognised both RNAP I
and RNAP III, 3 sera recognized all
three RNAPs and 5 additional sera rec-
ognized only RNAP II. Isolated anti-
RNAP II was closely associated with
anti-topo I reactivity, while anti-RNAP
I, III reactivity was mutually exclusive
with respect to either ACA or anti-
topo-I. 
From a clinical point of view, in the
present study anti-RNAP I, III antibod-
ies we re more fre q u e n t ly found in
dcSSc and in male patients. The former
a s s o c i ation was present in all of the
reported studies. On the other hand, it
is quite interesting to note that the asso-
ciation with male gender was previous-
ly reported only in Japanese subjects,
who had a low frequency of anti-RNAP
similar to that found in our patients (4).
In previous studies SSc patients with
anti-RNAP I, III were shown to have a
higher incidence of kidney involvement
while lung disease was less frequent
than in anti-topo I positive patients (5,
8, 11). Our results are in general agree-
ment with these findings; however, the
analysis of the clinical data was limited
by the low fre q u e n cy of both anti-
RNAP I, III and renal involvement in
our series. Thus, the lack of significant
d i ffe rences between the anti-RNA P
positive patients and those belonging to

other serologic subsets might be due to
a type-2 error. 
Anti-RNAP I, III were reported to be
s t ri c t ly associated with scl e ro d e rm a
renal crisis in many countries (Table
III) and were used in the diagnosis of
SSc in patients presenting with renal
crisis without other clinical features of
the disease (31, 32). An intere s t i n g
question is whether the same associa-
tion is valid in Italian patients, as sug-
gested by the lower rate of scleroderma
renal crisis (17, 33). The present study
confirms that scleroderma renal crisis
is rare in our country. It was found only
in 2 cases among 115 consecutive SSc,
including 41 patients with dcSSc who
are known to be at higher risk of devel-
oping this disorder early in the course
of the disease. One of our patients with
s cl e ro d e rma renal crisis had anti-
RNAP I, III along with lcSSc and iso-
l ated pulmonary hy p e rtension. Th i s
clinical picture is intriguing since the
occurrence of scleroderma renal crisis
in lcSSc is uncommon, and an associa-
tion with anti-RNAP I, III has been
reported previously (34). On the other
hand, the only patient in our study with
‘ cl a s s i c ’ s cl e ro d e rma renal crisis did
not show anti-RNAP I, III in her serum
at any time. Thus, the association be-
tween anti-RNAP I, III and scleroder-
ma renal crisis in our country deserves
further investigation. 
In conclusion, our data show that SSc
patients from Italy have a lower fre-
quency of anti-RNAP I, III with respect
to patients from the UK and America
and this might be associated with the
lower rate of scleroderma renal crisis.
However, because of the limited num-
ber of patients with scleroderma renal
crisis in our series, studies on larger
multicenter series are needed to proper-
ly address this issue.
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