Elevated IL-1f3 levels in anti-Ro/SSA connective tissue diseases
patients with prolonged corrected QTc interval

C.N. Pisoni!, S. Reina??, D. Arakaki*, A. Eimon', C. Carrizo', E. Borda??

'Rheumatology and Immunology Section, Department of Internal Medicine, CEMIC, Buenos Aires,
Argentina; >Pharmacology Unit, Dentistry School, University of Buenos Aires and *National Research
Council of Argentina (CONICET) Buenos Aires, Argentina, *Cardiology Section, Department of
Internal Medicine, CEMIC, Buenos Aires, Argentina.

Abstract
Objective
Patients with systemic lupus erythematosus (SLE) and primary Sjogren’s syndrome (pSS) have increased IL-1f5 levels.
IL-15 and other pro-inflammatory cytokines have a modulating activity on cardiac ion channels and have been associated
with increased arrhythmic risk in rheumatoid arthritis patients. Likewise, adult patients with connective tissue diseases
(CTDs) may have prolonged QTc intervals associated with the presence of anti-Ro/SSA antibodies.
Our objective was to evaluate the presence of serum IL-1§5 in subjects with CTDs, in relation to the presence of
anti-Ro/SSA antibodies and QTc interval duration.

Methods
12-lead electrocardiograms (ECG) were performed and blood was withdrawn, measuring electrolytes, IL-1 anti-Ro/SSA
antibodies by ELISA in 73 patients with CTDs.

Results

55 patients were anti-Ro/SSA positive and 18 were anti-Ro/SSA negative. Patients with anti-Ro/SSA positive antibodies
had a significantly greater median IL-1 serum level: 7.29 (range: 0.17-17.3 pg/ml) compared to patients with anti-Ro/SSA
negative antibodies whose median was: 1.67 (range 0.55-4.12 pg/ml) p<0.001. The mean QTc interval values obtained in

both groups were not significantly different (417.7+23.1 vs. 414.7+21.2, p=0.63). The QTc interval was prolonged in 11

(20%) patients, who were all anti-Ro/SSA positive versus 0 (0 %) in anti-Ro/SSA negative patients p=0.05.
Median IL-1p levels were: 8.7 (range: 2.69—15.1 pg/ml) in patients with prolonged QTc interval versus median:
5.0 (range: 0.17-17.3 pg/ml) in those with normal QTc interval values (<440ms) p=0.006.

Conclusion
IL-1p is elevated in patients with CTDs that have both anti-Ro/SSA antibodies and prolonged QTc intervals.

Key words
connective tissue diseases, QTc interval, IL-13

Clinical and Experimental Rheumatology 2015; 33: 715-720.



IL-1f, anti-Ro/SSA antibodies and prolonged QTc / C.N. Pisoni et al.

Cecilia N. Pisoni, MD
Silvia Reina, PhD
Diego Arakaki, MD
Alicia Eimon, MD
Carolina Carrizo
Enri Borda, MD, PhD

Please address correspondence to:
Cecilia Pisoni, MD,

Rheumatology and Immunology Section,
Department of Internal Medicine,
CEMIC,

Galvdn Av. 4102,

Ciudad Autonoma de Buenos Aires,
C1431FWO Argentina.

E-mail: ceciliapisoni@gmail.com
Received on October 4, 2014, accepted in
revised form on April 30, 2015.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2015.

Funding: this study was supported by
grants from the University of Buenos Aires
(UBACyYT 2013) and CONICET

(PIP 2013).

Competing interests: none declared.

Introduction

IL-1p is a 17.5 kDa, 153 amino-acid
peptide, initially produced as a 35 kDa
precursor with no biological activity.
Maturation of the precursor form in-
volves cleavage by Caspase-1, original-
ly termed interleukin-1p-converting-
enzyme, releasing the soluble and ma-
ture form of IL-1P (1). IL-1f stimulates
the expression of genes associated with
inflammation and immune response
and plays a key role in the pathogenesis
of autoimmune diseases. To date, the
discovered immunologic effects of IL-
1P are: CD4 T cell activation, Th17 dif-
ferentiation, dendritic cell maturation,
NK and B-cell activation (2).

Systemic lupus erythematosus (SLE)
is characterised by the production of
autoantibodies, B cell hyperactivation
and defective clearance of immune
complexes. Increased plasma levels of
inflammatory cytokines, such as IL-
1B and interleukin-6 (IL-6), type I and
type II interferons were described in
SLE patients (3, 4)) .There is evidence
suggesting that IL-1f is crucial for the
synthesis of IgG autoantibodies (5).
Furthermore, low serum concentration
of IL-1 receptor antagonist (IL-1Ra)
has been detected in SLE patients with
kidney involvement, adding further evi-
dence to the role of IL-1p in SLE (6).
Primary Sjogren’s syndrome is an-
other autoimmune systemic disease,
characterised by chronic inflammation
of exocrine glands. Peripheral blood
mononuclear cells secreting IL-1f3 and
tumour necrosis factor-o. (TNF-a) are
increased in pSS patients’ plasma (7).
Elevated levels of IL-1f3 and other pro-
inflammatory cytokines were also de-
tected in salivary glands (8) and tears
(9) of patients with pSS, and these cy-
tokines have shown to stimulate colla-
genases that might promote acinar dis-
ruption (10).

A study involving human cardiac tis-
sue showed that myocardial trabeculae
treated with IL-1P presented a sig-
nificant decrease in contractility (11)),
suggesting that IL-13 might also have
negative inotropic and chronotropic
effects, most likely due to changes in
calcium homeostasis (11).

It has been demonstrated that IL-1f3
modifies the electrical properties of
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guinea pig cardiac cells via lipid second
messengers that alter calcium chan-
nel conductance (12). In rheumatoid
arthritis (RA) patients, elevated CRP
levels were independently associated
with QTc prolongation supporting the
hypothesis that systemic inflammation
plays a role in arrhythmic risk (13).
Furthermore, Lazzerini et al. provided
evidence that inhibition of systemic
inflammation with tocilizumab was as-
sociated with QTc shortening and CRP
reduction (14). Thus, these above men-
tioned observations suggest a causative
link between cytokines, ion channel
modulation and arrhythmia predisposi-
tion (15).

In adult patients with connective tissue
diseases (CTDs) a prolonged corrected
QT (QTc) interval was described as
the most frequent abnormality found
associated to the presence of anti-Ro/
SSA antibodies (16, 17). These anti-
bodies were primarily linked to cardiac
conduction disturbances in fetus from
anti-Ro/SSA positive mothers (18-20).
They were originally identified in pa-
tients with pSS and SLE, but can also
be found in patients with other CTDs
or asymptomatic women. In SLE pa-
tients, the anti-Ro/SSA antibodies are
frequently detected in those presenting
dermatologic manifestations (21). Se-
rum containing autoantibodies directed
against the Ro/SSA antigens may rec-
ognise one or both cellular proteins
with molecular weights of approxi-
mately 52 kD and 60 kD. To date, the
way by which anti-Ro/SSA antibodies
affect the ventricular repolarisation in
patients with SLE and pSS remains un-
known. A possible mechanism extrapo-
lated from CHB hypothesis is cross-re-
activity of anti-Ro/SSA antibodies with
190-kDaa 1D Ca channel protein in the
myocyte sinus node (22). Other au-
thors, proposed that inhibition of rapid
and slow cardiac delayed rectifier po-
tassium current (IKr) by anti-Ro/SSA
antibodies might explain QTc prolon-
gation in adult patients with CTD (16).
The aim of the present study was to
evaluate the presence of serum IL-1f3
in subjects with CTDs and relate it to
the presence of anti-Ro/SSA (positive
or negative) antibodies and prolonged
QTec intervals.



Patients and methods

Study population

Seventy-three patients with CTDs were
included in the present work, 55 were
anti-Ro/SSA positive and 18 were anti-
Ro/SSA negative. Patients were consid-
ered anti-Ro/SSA positive if anti-Ro/
SSA was greater than 25 U/ml meas-
ured by enzyme-linked immunosorb-
ent assay (ELISA). The CTDs included
were: SLE, pSS, myositis, scleroderma,
RA, mixed connective tissue disease
(MCTD) and undifferentiated connec-
tive tissue disease (UCTD) diagnosed
following the standard classification
criteria for each disease (23-27).
Demographic, clinical characteristics
and ongoing treatment of study patients
are detailed in Table I.

All enrolled patients signed an informed
consent. The study was conducted ac-
cording to the tenets of the Helsinki
Declaration 1975, revised in 2000.
Patients presenting other systemic dis-
eases such as diabetes, cardiac disease,
as well as those taking medications
which could potentially affect the QTc
interval (antiarrhythmics, antibiotics,
antipsychotics, tricyclics and tetracy-
clics antidepressants, selective seroto-
nin reuptake inhibitors, domperidone,
human immunodeficiency virus pro-
tease inhibitors, methadone) were ex-
cluded from the present study. Patients
with electrolyte disturbances (Na*, K*,
Ca**, Mg*™) were excluded as well.
Patients were allowed to take hydroxy-
chloroquine (HCQ).

On enrolment day, 12-lead electrocar-
diograms (ECG) were performed and
blood was withdrawn measuring an-
tibodies, electrolytes and IL-1p in all
patients.

Serologic studies

ELISA tests for total anti-Ro/SSA and
anti-La/SSB were performed with a
commercial kit based on purified an-
tigens (Orgentec; Germany). The test
used a mixture of 60 Kd and 52 Kd Ro-
proteins. The assays were carried out
according to the manufacturer’s proto-
cols on an automated ELISA instrument
(Brio, from Radim) and values greater
than 25 Ul/ml were considered positive.
Serum IL-1f was measured by ELISA,
carried out according to the manufac-

IL-1p, anti-Ro/SSA antibodies and prolonged QTc / C.N. Pisoni et al.

Table I. Demographic and clinical characteristics in anti-Ro/SSA positive vs. negative patients.

Anti-Ro/SSA positive  Anti-Ro/SSA negative  p

(n=55) (n=18)

Age, media SD 472+12 40+ 11.1 0.04
Female sex, n (%) 52 (92.9) 14 (82.4) 0.20
Diagnosis, n

SLE 16 14

pSS 20 1

UCTD 11 1

SSc 3 0

MCTD 1 0

RA 3 1

Myositis 2 0
Disease duration years, media SD 75+9.1 42+39 0.17
Hydroxychloroquine, n (%) 31 (56.4) 12 (70.6) 044

Systemic lupus erythematosus (SLE), primary Sjogren’s syndrome (pSS), undifferentiated connec-
tive tissue disease (UCTD), scleroderma (SSc), mixed connective tissue disease (MCTD), rheumatoid

arthritis (RA).

turer’s protocols (Cayman, MI, USA),
expressing the results as pg/ml. The
normal values ranges between 0.2-5.8
pg/ml.

ECG procedure

A single cardiologist, blinded to the pa-
tients’ clinical and laboratory findings
measured heart rate, QRS, PR, and QTc
intervals.

QTc intervals were measured with
Bazett formula in lead II of a 12-lead
ECG. QT interval was measured from
the onset of QRS complex to the point
where the T wave ends. QT interval
varies inversely with the heart rate;
therefore, a correction for the heart rate
(or the duration of the RR interval) was
performed. A corrected QT interval was
calculated from Bazett’s formula: QTc
= QT interval + square root of the RR
interval (in seconds). Prolonged ECG
intervals were defined as the follow-
ing: PR as longer than 200 msec, QRS
as longer than 100 msec, and QTc as
greater than or equal to 440 msec.

Statistical analysis

Differences between the 2 groups were
evaluated performing 2-tailed Student’s
t-test for normally distributed unpaired
continuous variables and the 2-tailed
Mann-Whitney test for not normally
distributed continuous variables. The
2-sided Fisher’s exact test evaluated
categorical variables. Pearson’s cor-
relation test was employed to detect
correlations amongst QTc intervals and
laboratory parameters. A multivariate
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logistic regression analysis was per-
formed to evaluate the parameters as-
sociated to prolonged QTc intervals. In
any case, p-values less than 0.05 were
considered significant. All statistical
analyses were performed using Epi
Info™ 7 (Centers for Disease Control
and Prevention-CDC).

Results

ELISA Anti-Ro/SSA findings

Fifty-five patients were anti-Ro/SSA
positive and 18 were negative. Anti-Ro/
SSA levels measured by ELISA were
125+85.4 U/ml in the total population,
163.8+60.1 U/ml in anti-Ro/SSA posi-
tive versus 7.7+£5.7 U/ml in anti-Ro/
SSA negative. Twenty-three (31.5%)
patients were anti-La/SSB positive. An-
ti-Ro/SSA positive patients were sig-
nificantly older 47.2+12 than anti-Ro/
SSA negative patients 40+11.1 p=0.04.

IL-10 findings

Median IL-1 [ serum levels in all pa-
tients was 6.12 (range: 0.17-17.3 pg/
ml). IL-1f serum levels in patients
with anti-Ro/SSA positive antibodies
were significantly higher: median: 7.29
(range: 0.17-17.3 pg/ml) than those
with anti-Ro/SSA negative antibodies
median: 1.67 (range 0.55-4.12 pg/ml)
p<0.001 (Fig. 1). A positive correlation
between IL-1f3 levels and anti-Ro/SSA
titers was found: r 0.480 p<0.00.

QTc interval findings
The Figure 2 scattergram shows the
QTc interval values expressed in msec
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Fig. 1.1L-1 f levels in anti-Ro/SSA positive and
negative patients.
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Fig. 2. Corrected QT values in anti-Ro/SSA
positive and negative patients.

for each of the 55 anti-Ro/SSA positive
patients and 18 anti-Ro/SSA negative
patients. The mean QTc interval values
obtained in both groups were not sig-
nificantly different 417.7£23.1 versus
414.7+£21.2, p=0.63. No correlation was
found between QTc and anti-Ro/SSA
measured by ELISAr - 0.06 p=0.57.

IL-1p levels in patients with prolonged
QTc intervals were: median 8.7 (range:

Fig. 3. IL-1f lev-

els in patients with & 1
prolonged and nor-
mal QTc intervals
w
-
=
e
=
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Normal QTc

Prolonged QTc

Table II. Clinical and laboratory findings in patients with normal and prolonged QTc intervals.

QTc <440 QTc =440 P
n=62 n=11

Age, mean (SD) 445 (12.9) 51 (11.1) 0.12
Female sex n (%) 55 (88.7) 100 0.58
Diagnosis, n (%)

SLE 28 (45.16) 2 (18.1)

pSS 18 (29.3) 3 (27.2)

RA 4 (64) 0

UCTD 8 (12.9) 4 (36.3)

MCTD 1 (1.61) 0

Scleroderma 1 (1.61) 2 (18.1)

Myositis 2 (3.23) 0
HCQ use, % 36 (59.2) 7 (63.4) 1
IL-1 B levels, median pg/ml (range) 5.0 (0.17-17.3) 8.7 (2.69-15.1) 0.006
Anti-Ro/SSA levels, mean Ul/ml (SD) 120.3 (89) 153.3 (56.3) 0.24
Anti-Ro/SSA positive, n (%) 11 (20) 0 0.05

Systemic lupus erythematosus (SLE), primary Sjogren syndrome (pSS), rheumatoid arthritis (RA),
undifferentiated connective tissue disease (UCTD) and mixed connective tissue disease (MCTD).

2.69-15.1 pg/ml) versus median: 5.0
(range: 0.17-17.3 pg/ml) in those with
normal QTc value (<440ms) p=0.006
(Fig. 3). A correlation analysis between
IL-1 f and QTc showed r -0.08 p=0.48.
Univariable analyses: QTc interval was
prolonged in 11 (20%) patients, who
were all anti-Ro/SSA positive versus 0
(0%) in anti-Ro/SSA negative patients
p=0.05. Table II summarises clinical
and laboratory findings in patients with
normal and prolonged QTc intervals.
Eleven patients in our study presented
prolonged QTC: 4 patients had UCTD,
3 pSS, 2 SLE and 2 had scleroderma.
The Multivariable analysis: IL-13 was
the only variable predictive of pro-
longed QTc intervals when adjusted
by age, sex, and anti-Ro/SSA OR 1.86
(95% CI 1.01-1.39).
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Discussion

The present study examined IL-1f se-
rum levels in subjects with CTDs and
related them to the presence of anti-Ro/
SSA antibodies. We found that anti-Ro/
SSA positive patients had higher IL-1(3
levels compared to anti-Ro/SSA nega-
tive patients. Although overall QTc in-
tervals were not different between the
two groups, there were 11 anti-Ro/SSA
positive patients with prolonged QTc
intervals and their IL-1f3 levels were
higher than in patients with normal
QTc intervals.

Some studies have suggested that there
is a link between anti-Ro/SSA antibod-
ies and prolonged QTc intervals (16,
17, 28). It was initially reported by
Lazzerini et al. who studied 57 patients
with CTDs and found that 58% of the



anti-Ro/SSA patients had QTc intervals
greater than 440 msec; in contrast to
none of the control patients (16). A re-
cent study from the same author found
a direct correlation between anti-Ro/
SSA 52 kd levels and QTc interval du-
ration in 47 patients with CTDs (28).
Data from Bourre-Tessier et al. (17)
which studied a large group of SLE pa-
tients found a 5.1 to 12.6 increased risk
of QTc interval prolongation in anti-Ro/
SSA positive patients. However, asso-
ciation studies of anti-Ro/SSA and QTc
interval prolongation are controversial,
as others failed to confirm this associa-
tion in patients with CTDs (29, 30). To
date, the specific mechanisms linking
the presence of anti-Ro/SSA with pro-
longed QTc intervals have not been
elucidated, nevertheless some hypoth-
esis had been proposed. Nakamura et
al. provided evidence that serum IgG
from a patient with acquired long QT
syndrome provoked HERG potassium
channel reduction. The authors hypoth-
esise that anti-Ro/SSA antibodies can
directly cross-react with the KCNH2
channel and provoke reduced expres-
sion by facilitating channel endocyto-
sis (31). IL-1 3 may synergistically act
with the effects directly exerted by anti-
Ro/SSA antibodies, thereby enhancing
the impact of these antibodies on action
potential duration up to produce a clini-
cally measurable effect on ventricular
repolarisation.

The existence of a relationship between
ventricular repolarisation and systemic
inflammation is arising in RA, chronic
inflammatory arthritis and ankylosing
spondylitis patients (13,32, 33). Recent
studies demonstrated significant asso-
ciation between QTc duration and CRP
not only in rheumatic conditions also in
chronic hypertensive patients (34).

To further emphasise the effect of in-
flammation, pro inflammatory cyto-
kines on cardiomyocyte electrophysiol-
ogy a recent study from Lazzerini et al.
provided evidence that treatment with
Tocilizumab in active RA patients was
associated with rapid reduction in QTc
duration, such an effect was correlated
to decreased CRP and TNF-a levels.
IL-1 B levels were not measured in this
study (14) .

Results obtained in the present study
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indicating that IL-1p is increased in
patients with anti-Ro/SSA antibodies
as well as in patients with prolonged
QTc intervals, may help clarify the
mechanisms of QTc interval prolonga-
tion (functional mechanisms like the
effect of proinflammatory cytokines on
cardiomyocyte electrophysiology) in
anti-Ro/SSA positive patients, which
to date have remained unknown.

A prolonged action potential duration

was induced on guinea pig ventricular

myocytes with recombinant human IL

1-B, this effects were mediated at least

in part by changes in the conductance

of L-type calcium channels (12). A

number of other studies investigated

the effects of TNF on HERG potassium
channel demonstrating channel down
regulation via stimulation of reactive

oxygen species (35).

A large number of investigators have

explored the potential association of

cytokines as biological markers in the
activity and organ involvement in the
course of SLE, yet only few specific
studies of IL-1 [ in SLE are available.

In one study IL-1 Ra and IL-1§ levels

were evaluated in 20 patients with SLE.

IL-1 B levels were slightly increased in

only 3 patients and IL-1Ra correlated

with IL-1f serum levels (6). Another
study presented evidence that IL-1p is
elevated in a subgroup of patients with

CTDs, irrespective of the disease entity,

but associated to anti nRNP antibodies

(36).

Several studies have focused on the role

of local IL-1P in pSS, however fewer

studies focus on the systemic expression
of the molecules. A recent study from

Willeke et al. (7) showed a systemic

increase of IL-1f3 secreting peripheral

blood mononuclear cells and their lev-
els correlated with disease duration, re-
current parotid swelling and rheumatoid
factor titers. None of the publications to
date in either SLE or pSS have studied
the relationship between IL-1f levels,
anti-Ro/SSA antibodies and prolonged

QTc intervals or cardiac disease.

Our study had several limitations:

e Patients in the anti-Ro/SSA positive
group were older than patients in the
anti-Ro/SSA negative group. This
finding could be explained by a pre-
dominance of SLE patients in the an-

719

ti-Ro/SSA negative group, compared
to a predominance of pSS patients in
the anti-Ro/SSA positive group. Age
is a variable associated to prolonged
QTc intervals, yet QTc interval pro-
longation was adjusted by age using
multivariate logistic regression anal-
ysis, and the results only showed an
association with IL-1f3 levels. it can
be argued that SLE predominance in
one group and pSS in the other might
be a bias if the prolonged QTc inter-
val was associated with only one of
these diseases.

e Anti-Ro/SSA antibodies were meas-
ured in the subjects with an ELISA
kit using as antigen a mixture of
60kD and 52kD Ro-proteins, thereby
not analysing the putative different
impact of the two autoantibody sub-
types, i.e. anti-Ro/SSA-52kD and
anti-Ro/SSA-60kD on QTc interval.
Recent work demonstrated how in
anti-Ro/SSA-positive adult patients
with CTD the occurrence of QTc
prolongation seems strictly and se-
lectively dependent on the anti-Ro/
SSA-52kD level, without no signifi-
cant role of the anti-Ro/SSA-60kD
subtype (28). These findings may ex-
plain why considering anti-Ro/SSA
antibodies as a whole, no significant
correlation was find between pro-
longed QTc and anti-Ro/SSA levels
despite all patients with QTc prolon-
gation are anti-Ro/SSA-positive.

In conclusion, our results demonstrate

that IL-1f3 is elevated in CTDs patients

with anti-Ro/SSA antibodies. Further
studies are needed to evaluate whether
this cytokine might be the chemical
mediator contributing to the prolonged

QTc intervals found in anti-Ro/SSA

positive patients.
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