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Abstract

Objectives. Serum anti-dsDNA and anti-nucleosome IgGs have been proposed as signatures for SLE and LN in
limited numbers of patients. We sought to show higher sensitivity and specificity of the same antibodies with the
IgG2 isotype and included IgG2 antibodies vs specific intracellular antigens in the analysis.

Methods. A total of 1052 SLE patients with (n = 479) and without (n = 573) LN, recruited at different times from
the beginning of symptoms, were included in the study. Patients with primary APS (PAPS, n = 24), RA (RA, n =
24) and UCTD (UCTD, n = 96) were analysed for comparison. Anti-nucleosome (dsDNA, Histone2A, Histone3), anti-
intracellular antigens (ENO1), anti-annexin A1 and anti-C1q 1gG2 were determined by non-commercial techniques.
Results. The presence in the serum of the IgG2 panel was highly discriminatory for SLE/LN vs healthy subjects.
Serum levels of anti-dsDNA and anti-C1q IgG2 were more sensitive than those of IgGs (Farr radioimmunoassay/
commercial assays) in identifying SLE patients at low-medium increments. Of more importance, serum positivity for
anti-ENO1 and anti-H2A 1gG2 discriminated between LN and SLE (ROC To_12 months), and high levels at To_1 month
were detected in 63% and 67%, respectively, of LN, vs 3% and 3%, respectively, of SLE patients; serum positivity
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Serum IgG2 antibody multicomposition in SLE and LN

for each of these was correlated with high SLEDAI values. Minor differences existed between LN/SLE and the other
rheumatologic conditions.

Conclusion. Nephritogenic 1gG2 antibodies represent a specific signature of SLE/LN, with a few overlaps with
other rheumatologic conditions. High levels of anti-ENO1 and anti-H2A 1gG2 correlated with SLE activity indexes

and were discriminatory between SLE patients limited to the renal complication and other SLE patients.
Trial registration. The Zeus study was registered at https://clinicaltrials.gov, NCT02403115.
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Rheumatology key messages

SLE diagnosis.
them from healthy people.

between LN and SLE.

o Our study demonstrated higher sensitivity of anti-dsDNA 1gG2 than classical IgGs antibodies for marginal
o Positivity for the whole panel of circulating IgG2 antibodies is a specific signature of SLE/LN and distinguishes

o High anti-ENO1 and anti-H2A IgG2 serum levels represent the best discriminatory element for distinguishing

Introduction

SLE is one of the most frequent autoimmune conditions,
with an incidence of 40-200 cases per 100000 individu-
als [1]. Its presentation and clinical course are usually
characterized by high variability and heterogeneity in se-
verity of organ involvement, ranging from a rash or mild
arthritis to severe target organ damage, such as in LN
[2, 3]. Early detection of systemic complications, includ-
ing LN, is fundamental for allowing a prompt start of
treatment able to improve systemic and organ outcome
for patients affected [4, 5]. The detection of organ auto-
antibodies able to integrate the classical markers of SLE
activation (like complement components C3 and C4)
represented a real challenge and has been a major
focus of research activity, because antibodies are dir-
ectly involved in the pathogenesis of the organ damage
[3, 6-8]. Moreover, in clinical practice, detection of cir-
culating autoantibodies offers considerable advantages,
in terms of cost-effectiveness, non-invasivity and repro-
ducibility for follow-up monitoring, when compared with
other molecular diagnostic techniques, [9, 10].

Historically, the pathological and diagnostic role of
anti-dsDNA and anti nucleosome IgG autoantibodies
(including antibodies against specific histones) has been
widely reported in the literature (for a review see [11]).
Since their discovery in 1957, anti-dsDNA antibodies
have been considered one of the most sensitive markers
for the diagnosis of SLE [12]. Moreover, serum leels of
anti-dsDNA antibodies have always represented a fun-
damental criterion for scores measuring SLE activity
[13-15], including the SLEDAI score [16]. In addition, the
predominant idea is that high levels of anti-dsDNA IgGs,
and not just serum positivity, may predict SLE activity
[17-20].

However, several technical issues (related to differen-
ces between the various assays commonly used for

https://academic.oup.com/rheumatology

detection of serum anti-dsDNA antibodies) may limit the
clinical significance of anti-dsDNA 1gGs. In particular,
the radioimmunoassay Farr test mainly detects high-
avidity antibodies, but fails to distinguish between IgG
and IgM; the Crithidia luciliae test, based on immuno-
fluorescence, is highly specific, but not quantitative, for
high-affinity antibodies; on the other hand, ELISAs allow
a sensitive and a quantitative, but not specific, detection
of these autoantibodies. Indeed, in previous studies on
large cohorts of SLE patients, comparison of the various
assays for testing serum anti-dsDNA antibodies [21-23]
indicated significant variability in the results provided by
the different assays, limiting valid comparison of the
results of various studies.

In addition to the technical concerns, using detection
of serum anti-dsDNA antibodies as a diagnostic tool for
SLE presents further conceptual issues, which are still
far from being completely resolved: the specific isotype
of the antibodies, not considered in common commer-
cial assays, may be important. According to previous
findings [24, 25], 1gG2 is the prevalent isotype of circu-
lating anti-dsDNA and of anti-histone2/anti-histone3
antibodies [26]. This finding may lead to a better under-
standing of the pathogenesis of renal lesions, since
IgG2 is the main isotype of the antibodies detected in
renal and serum samples of patients with LN [24-28].

Materials and methods
Patients

In total, 1052 SLE/LN patients were included in the
study; they were recruited within the framework of the
nationwide collaborative Zeus study (https://clinicaltrials.
gov study number: NCT02403115). The database and
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collected samples are located at the Giannina Gaslini
Institute of Genoa (1) [29] (Table 1).

Inclusion criteria
Inclusion criteria were age between 18 and 55years,
any sex and the availability of informed consent.
Diagnosis of SLE was made according to the ACR sys-
temic lupus classification criteria as revised by the
SLICC [15]. Serum autoimmunity was evaluated utilizing
commercial assays; levels of anti-dsDNA antibodies
were determined by different methodologies according
to the assay used in the various hospitals: >50% of
patients were studied by Farr radioimmunoassay (Farr
assay, Kodak Clinical Diagnostics, Amersham, UK), and
a smaller proportion was tested by the Crithidia luciliae
indirect immunofluorescence test. To obtain an overall
view of the status of the anti-dsDNA antibodies, the ratio
of any level to the upper limit of normal was calculated
(anti-dsDNA ratio). A non-commercial assay was utilized
for anti-C1q IgGs, as has already been described [27].
The cases of LN (stage |-VI according to WHO classi-
fication) were recruited from among the large cohort of
patients with SLE who tested positive for haematuria,
proteinuria, and/or worsening of renal function evaluated
by the CPK-EPI formula. The histological diagnosis and
classification of LN was based on typical renal lesions
as analysed by immunofluorescence and classical hist-
ology staining. Further details on the staging and char-
acterization of renal histological samples are reported in
Part 2 of the study.

Exclusion criteria

Exclusion criteria were severe infections, malignancies,
positivity for chronic hepatitis B virus (HBV) or hepatitis
C virus (HCV), breast-feeding or pregnancy.

Other rheumatologic diseases

Patients with RA (RA, n = 24), UCTD (UCTD, n = 96)
and primary APS (PAPS, n = 24) were consecutively
enrolled in the Rheumatology Unit of ASST Spedali Civili
of Brescia, Italy. Diagnoses were made according to the
current classification criteria for these diseases [30-32].

Groups of controls
For the control groups, 182 healthy subjects were
recruited from among the hospital staff.

Ethical approval

Before the initiation of the study, we obtained written
approval of the protocol from the local Independent
Ethics Committee (Comitato Etico Regione Liguria) on
24 October 2014 and from the Italian Drug Agency
(Agenzia ltaliana del Farmaco, AIFA). The study was reg-
istered at https://clinicaltrials.gov  (study number:
NCT02403115).

Antibody assays

Details on materials utilized in this study are reported in
Supplementary Data S1, available at Rheumatology
online.
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ELISA assay

Levels of anti-ENO1, anti-AnnexinA1, anti-SOD, anti-
C1q, anti-H2A and anti-H3 histones were determined
utilizing non-commercial ELISA assays. Briefly, each re-
combinant protein was coated overnight at 4°C in 96
MaxiSorp nunc immuno plate wells (ThermoFisher
Scientific, MA, USA) and blocked with 3% w/v BSA in
PBS. Serum samples (100pl) diluted 1:50 in 3% w/v
BSA and PBS-Tween 20 0.05% v/v (PBS-T) (with the
exception of the anti-C1q assay, see below) was added;
the sample was incubated for 4h at room temperature
and then at 4°C overnight. The amount of human recom-
binant protein utilized in the ELISA was 20ng/well for
ENO1, superoxide dismutase, histone H2A and H3, 5ng/
well for annexin A1 and 1 ug/well for complement C1q.

After three washes in PBS-T, HRP-conjugated rabbit
anti-human IgG2  (Clone: HP6014, InVitrogen
Corporation, CA, USA) diluted 1:2.000 in 1% w/v BSA
and PBS-T was added; the sample was incubated at
room temperature for 4 h. After three washes in PBS-T,
colour reactions were developed in 100ul of TMB
Peroxidase EIA substrate kit (Bio-Rad, CA, USA) and
stopped using 0.45M H,SO,. Absorbance at 450nm
was read in an ELISA iMark microplate reader (Bio-Rad,
CA, USA). Results were expressed as Relative Intensity
value (RU/ml), given the lack of WHO international
standards for each antibody [33].

In the assay for anti-C1q antibodies, serum samples
were diluted 1:25 in 1% v/v FCS, PBS-T and 1M NaCl,
incubated at 37°C for 1h and then processed following
the indications above.

Dot-blot assay

Anti-dsDNA 1gG2 serum levels were determined using
a non-commercial Dot-blot assay. dsDNA was loaded
onto nitrocellulose membrane using Bio-Dot apparatus
(Bio-Rad, CA, USA). After membrane blocking in 3%
BSA in PBS, 100 ul of diluted serum (1:50) was added
per well; the sample was incubated overnight at 4°C.
After three washings with PBST, membranes were incu-
bated 4h with rabbit anti-human IgG2 (Clone: HP6014,
InVitrogen Corporation, CA, USA) diluted 1:2.000 in
PBST and 1% w/v BSA and then washed three times
with PBS-T; chemiluminescence was used for detection.
Images were acquired with the ChemiDoc Touch
Imaging System (Bio-Rad, CA, USA).

Commercial assays for anti-dsDNA and anti-C1q
Anti-dsDNA IgGs levels were determined by the com-
mercial Farr radioimmunoassay (Kodak Clinical
Diagnostics); anti-C1q IgGs were determined by a com-
mercial ELISA (Inova Diagnostic, Barcelona, Spain).

Normal limits

Normal limits for all the tests above were calculated
from ROC curves; the cut-off represented the value that
minimized the geometric distance between 100% sensi-
tivity and 100% specificity on the ROC curves [34]. Our
results confirmed what already has already been
reported by Bruschi and colleagues [26].

https://academic.oup.com/rheumatology
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High and low levels

Low levels corresponded to the values between the limit
of normality and the median. High levels corresponded
to levels higher than the median.

Statistics analysis

Datasets were compared using Mann-Whitney or
Kruskal-Wallis tests for two or more unpaired samples,
respectively. Comparisons between the percentage of
positive vs negative results for patients with LN and
patients with SLE for each antibody, and of high titres at
each point of the cross-sectional study, were done
using contingency 2 x 2 tables. Fisher’s exact test was
used to determine the statistical significance.

Heat maps and volcano plots were utilized to highlight
differences between the serum levels of each antibody
in different groups of patients. In the heat maps, the
serum antibody levels, after Z-score normalization, are
presented with a pseudocolour scale, with red, white
and blue indicating, respectively, positive, negative and
equal levels; the dendogram (at the top left) displays the
result of unsupervised hierarchical cluster analysis. Heat
maps were also utilized to describe correlations be-
tween antibody levels and laboratory parameters. In this
case, a correlogram based on Spearman’s coefficient
represents (with a pseudocolour scale from red, +1,
positive; to blue, -1, negative; and to white, 0, null), re-
spectively, the correlation between two parameters.

Volcano plots were used to represent differences in
the levels of each antibody between the different
groups. The log, of the difference in each auto-antibody
level between two conditions (e.g. LN vs SLE) is shown
on the x-axis and the —-logqo P-value of the difference
obtained by a non-parametric Mann-Whitney U test is
shown on the y-axis.

Test performance, in terms of ability of the test to
identify true positive subjects (sensitivity) and ability of
the test to identify true negative subjects (specificity),
was evaluated for each parameter by the Receiving
Operating Characteristic (ROC). The proportion of
patients correctly identified by ROC is proportional to
the area under the curve (AUC), where accuracy is ab-
sent for AUC = 0.5, poor for 0.5 <AUC< 0.7, moderate
for 0.7 <AUC< 0.9, and high for 0.9 <AUC< 1. A test is
perfect for AUC = 1. In the ROC curve, the Youden’s
index [35] was utilized to identify the best cut-off value
that maximized the difference between true positive
subjects and false positive subjects. Results were con-
sidered significant at two-tailed P-values < 0.05. All
analyses were performed using software package R last
version 4.0.3 available at the time of experiments.

Results
Clinical features of patient subgroups

In all, 1052 SLE/LN patients were included in the study;
they were subdivided into six subgroups for SLE and six

3180

subgroups for LN on the basis of the time from diagno-
sis to recruitment (i.e. 0-1month, 2-12months, 13-
24 months, 25-48 months, 49-96 months and
>96 months). Major clinical features are reported in
Table 1: sex prevalence, disease activity index, immuno-
logical and renal parameters and therapies are pre-
sented for each group included in the cross-sectional
analysis.

New IgG2 antibodies: correlation with commercial
assays

The new IgG2 panel here presented includes autoanti-
bodies against classical nucleosome components, i.e.
anti-DNA, anti-Histone2A, anti-Histone3, as well as auto-
antibodies against circulating proteins, i.e. anti-C1q and
against an intracellular (podocyte) antigen, i.e. anti-
ENO1; anti-ANXA1 antibodies are directed both against
the circulating and the intracellular protein [36]. All auto-
antibodies were detected by home-made ELISA, except
for levels of anti-dsDNA, which were determined by
non-commercial dot blot. Percentage of positivity in
both LN and SLE patients was very high for all, except
for anti-C1q (Supplementary Fig. S1, available at
Rheumatology online). The correlation between serum
anti-dsDNA and anti-C1q 1gG2 levels and anti-dsDNA
and anti-C1q IgGs, which are commonly used for the
diagnosis of SLE, are reported in Fig. 1a. In both cases,
the correlation between anti-dsDNA 1gG2 (our assay)
and anti-dsDNA IgGs (commercial Farr radioimmuno-
assay) resulted in an hyperbole graph, which became
linear by applying a logio-scale to the values obtained
from the commercial assay. This means that anti-dsDNA
IgG2 tests are very sensitive up to an intensity of 0.5
RU/ml, over a range in which the Farr test results nega-
tive. The same occurred when we compared the assay
for anti-C1q IgG2 (our assay) with the assay for anti-
C1q IgGs (commercial assay), in which case the I1gG2
test was more sensitive up to 1 RU/ml (Fig. 1b).
Positivity limits and limits for high and low levels are
reported in Supplementary Table S1, available at
Rheumatology online.

Circulating antibody levels: cross-sectional analysis

Serum levels of all components of the antibody panel,
with the exception of anti-C1q antibodies, were signifi-
cantly higher in patients with LN and patients with SLE
than in healthy people (Figs 2-4). There were, however,
peculiarities for each antibody, which are described
below.

Anti-dsDNA

IgG2 serum levels were much higher in LN/SLE patients
compared with healthy people (AUC=0.94, 0.92 re-
spectively), with minimal differences between LN and
SLE (AUC =0.65 for To_12 m) (Fig. 2). The percentage of
patients positive and negative at each time point of the
cross-sectional study was similar for LN and SLE
(Supplementary Table S2 and Supplementary Fig. S1 ,
available at Rheumatology online), whereas the

https://academic.oup.com/rheumatology
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Fic. 1 Correlation between anti-dsDNA, anti-C1q IgG2 and IgGs levels (commercial kits)
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mined by the Farr assay (Farr assay, Kodak Clinical Diagnostics) (levels on the x-xis are presented as logqo values);
(b) correlation between circulating levels of anti-C1q 1gG2 and anti-C1q IgGs, as determined by a non-commercial
assay [27] (levels on the x-axis are reported as logqo values); (c) heat map showing the correlation between the levels
of each circulating IgG2 antibody, for all categories of patients considered together [the correlogram, based on
Spearman’s coefficient, uses a pseudocolour scale (from red, +1, positive; to blue, -1, negative; and to white, O,
null), to represent the correlation between two antibodies]; (d) graphic representation of the correlation between anti-
dsDNA and anti-Annexin A1 IgG2 serum levels (R = 0.82, P<0.0001).

percentage of patients with high levels of IgG2 was
39% in LN vs 4% in SLE at T g_1 months @nd was mark-
edly modified in those patients with longer periods of
disease (Fig. 2a).

Anti-Histone2A

IgG2 serum levels were higher in LN/SLE patients than
in healthy controls (AUC =0.95, 0.91 respectively), with
a significant difference between LN and SLE
(AUC =0.86 for Tg_12 months) (Fig. 3). The percentage of
patients positive and negative at each time point of the
cross-sectional study was higher in LN than in SLE
(Supplementary Table S2 and Supplementary Fig. S1,

https://academic.oup.com/rheumatology

available at Rheumatology online). The percentage of
patients with high levels was much higher in LN (68%)
than in SLE patients (2%) at To_1 months, @nd it steadily
decreased in patients recruited after the onset of LN
and who received specific therapies (Fig. 3b).

Anti-Histone 3

IgG2 serum levels were overall higher in SLE/LN patients
compared with healthy people (AUC=0.91, 0.91, re-
spectively). The difference between LN and SLE was
low (AUC = 0,68 for Tp_12 months) (Fig. 3). The percentage
of patients with high levels was remarkable at Tg_4
months, @nd increased in SLE from T13_54 montns (Fig. 3b).
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Fic. 2 Circulating levels of anti-dsDNA and anti-Annexin A1 IgG2

(b) (c)

100 4 100 1 —

—

i
o
|

Sl

3
<1 AUC = 0.94(0.92-095)

T

Sensitivity (%)
3

% pts with high titre
3

Anti-dsDNA 1gG2 intensity (RU/ml) ‘a}*

= P < 0.0001
@ 2 AUC = 0.92(0.90-0.94)
4 : . P <D0.0001
i : 3 AUC =0.65(0570.72)
0 0 | ok P=0.02
NSO BE > NSO a s N % e g 0 50 100
I3713% & I773%% gsp 1733134 n
nase J Toase 2°5 N 7 g 2 100 - specificity (%)
LN SLE
I] st v
(d) (e) (f) :
E 3.0 - 100 100 1 ot
S .
o« / 2
z o < 1
g = =
2 ’ £ = 1
E 15 ﬁ 50 = 504 3
It > = @ =" 1AUC = 0.94(0.92-0.96)
- H o ; P < 0.0001
E 9 | v 2 AUC = 0.91(0.88-0.93)
= =3 P < 0.0001
E = 3 AUC = 0.70(0.64-0.77)
= ] P=0.01
c 0 o T 0/ - ' —~ —
0 I9338% £ ITVISR ges O I O ° %0 100
= |
“a%e 3 Nemgao &g e - 100 - specificity (%)
LN SLE

(@) Circulating levels of anti-dsDNA and (d) of anti-Annexin A1 1gG2 in patients with LN (n = 479) and patients with
SLE (n = 573) subdivided in six subgroups according to the time elapsed from the onset of the disease (0-1 months,
1-12 months, 12-24 months, 24-48 months, 48-96 months, >96 months); patients with RA (n = 24), PAPS (n = 24)
and UCTD (n = 96) were included as representative of other rheumatologic conditions. (b, e) Percentage of patients
with LN (black) and of patients with SLE (white) with high levels divided into subgroups according to the time from
disease onset at recruitment; (c, f) ROC curves for difference in anti-dsDNA and anti-Annexin A1 1gG2 between
patients with LN and healthy controls (1), patients with SLE and healthy controls (2) and patients with LNtg_12 vs
patients with SLEtqg_12 (3). In all cases, antibodies were of the IgG2 isotype, and levels were calculated as Relative
Intensity value (RU/ml), given the absence of WHO international standards [33]. PAPS = primary APS.

Anti- ENO1

IgG2 serum levels were higher in LN and, to a lesser ex-
tent, in SLE patients compared with healthy subjects
(AUC =0.94, 0.85, respectively); the difference between
LN and SLE was significant (AUC =0.82 forTo_12 months)
(Fig. 4). The percentage of patients positive and nega-
tive at each time point of the cross-sectional study was
higher in LN than in SLE (Supplementary Table S2 and
Supplementary Figure S1, available at Rheumatology
online). The percentage of patients with high levels was
much higher in LN (68%) than in SLE patients (2%) at
To-1 month, @and it steadily decreased in patients recruited
after the onset of LN (Fig. 4b).

difference between LN and SLE was moderate
(AUC =0.70 for To_12 months) (Fig. 2). The percentage of
patients with high levels was 39% in LN vs 4% in SLE
at To-1 month, @and it was markedly modified in those
patients with longer periods of disease (Fig. 2b).

Anti-C1q

Differences in anti-C1Q 1gG2 serum levels in patients
with LN/SLE compared with healthy controls were min-
imal, as was the difference between LN and SLE
(AUC =0.55, 0.62, 0.59, respectively) (Fig. 4). The per-
centage of patients with high levels of IgG2 was notice-

Anti-ANXAT1
IgG2 serum levels were higher in LN/SLE patients than
in healthy controls (AUC =0.94, 0.91, respectively); the
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ably higher in LN (To-1 month @nd Ta_12 months) COMpared
with matched SLE groups, and then increased in the
SLE (Fig. 4b).
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Fic. 3 Circulating levels of anti-Histone 2 A and anti-Histone 3 IgG2
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(@) Circulating levels of anti-Histone 2A and (d) anti-Histone 3 1gG2 in patients with LN (n = 479) and patients with
SLE (n = 573) subdivided into six subgroups according to the time elapsed from the onset of the disease (0-
1 months, 1-12 months, 12-24 months, 24-48 months, 48-96 months, >96 months); patients with RA (n = 24), PAPS
(n = 24) and UCTD (n = 96) were included as representative of other rheumatologic conditions. (b, e) Percentage of
LN (black) and of SLE (white) patients with high levels divided into subgroups according to the time from disease
onset at recruitment; (c, f) ROC curves for difference in anti-Histone 2A and anti-Histone H3 1gG2 between patients
with LN and healthy controls (1), patients with SLE and healthy controls (2) and patients with LNto_1»> vs patients with
SLEto_12 (3). In all cases, antibodies were of the IgG2 isotype and levels were calculated as Relative Intensity value
(RU/mI), given the absence of WHO international standards [33].

Circulating antibodies: intra-panel correlations (Figs 2-4). Anti-H2A levels were higher in LN compared

Fig. 1c shows the level of correlations between all the with PAPS, RA and UTCD (AUC = 0.78, 0.77 and 0.79);

antibodies of the panel. In almost all cases, serum levels anti-ANXA1 .and anti-dsDNA '1gG2 were higher in ,LN
of antibodies were not correlated with each other, al- compared with RA and UTCD (0.80 and 0.83 for the first

though anti-dsDNA and anti-ANXA1 IgG2 were strongly antllbody, and 0.77 a'nd 0'76 for the latter antlpody).
correlated (Fig. 1d). Anti-H3 levels were higher in PAPS compared W|th LN

and SLE (AUC=0.76 and 0.80, respectively)

(Supplementary Figs S2 and S3, available at Rheumatology
Other rheumatologic conditions online). An overview of how each antibody varied in the dif-
ferent pathologies is provided by the heat map presented
in Supplementary Fig. S4, available at Rheumatology on-
line, in which red and blue reflect high and low correlation,
respectively, as calculated by Z scores.

Supplementary Table S3, available at Rheumatology on-
line, reports clinical parameters and laboratory data for
PAPS, RA and UTCD patients. None of these patients
presented clinical or laboratory renal involvement. In
particular, none of the patients with PAPS fulfilled the
classification criteria for SLE. Levels of all the antibodies
of the panel were higher in PAPS, RA and UCTD when Fig. 5a shows a heat map that correlates (Spearman’s
compared with healthy controls, excepted anti-C1q coefficient with Z-score modification) the circulating

Clinical associations
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Fic. 4 Circulating levels of anti-ENO1 and anti-C1q 1gG2
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(a) Circulating levels of anti-ENO1 IgG2 and (d) of anti-C1q IgG2 in patients with LN (n = 479) and SLE (n = 573) sub-
divided into six subgroups according to the time elapsed from the onset of the disease (0-1 months, 1-12 months ,
12-24 months, 24-48 months, 48-96 months, >96 months); patients with RA (n = 24), PAPS (n = 24) and UCTD (n =
24) were included as representative of other rheumatologic conditions. (b, e) Percentage of LN (black) and of SLE
(white) patients with high levels divided into subgroups according to the time from disease onset at recruitment, (c, f)
ROC curves for difference in anti-dsDNA and anti-Annexin A1 between patients with LN and healthy controls (1),
patients with SLE and healthy controls (2) and patients with LNto_1» versus patients with SLEto_12 (3). In all cases,
antibodies were of the IgG2 isotype and levels were calculated as Relative Intensity value (RU/ml), given the absence

of WHO international standards [33].

levels of each antibody with clinical and laboratory
parameters: high anti-ENO1 and anti-H2A 1gG2 corre-
sponded to the highest values of the SLEDAI score (in
red), and high anti-C1q IgG2 corresponded to the lowest
C3 and C4 serum levels (in blue). Further associations,
indicated by intermediate colours, were weak.

The association between the positivity of each anti-
body with renal and extra-renal manifestations of SLE,
presented in Fig. 5b, indicated a high percentage of
kidney manifestations, followed by arthritis (except for
anti-C1g and anti-dsDNA); sierositis and neurological
manifestations were only occasionally observed. The
volcano plot in Fig. 5¢ shows that anti-ENO1 and anti-
H2A 1gG2 levels were the most specific and sensitive
markers of LN vs SLE (in particular in newly diagnosed
patients of LN 0-24 months VS SLE 0-24 months)-
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Discussion

The main result of the present cross-sectional analysis
is that the antibody panel proposed was highly discrim-
inatory between SLE/LN patients and healthy subjects.
Areas under the curve (AUCs) were in all cases over 0.9,
indicating high specificity. The association of some anti-
body levels with SLE flares is also clinically relevant,
since they may provide the opportunity to personalize
the therapeutic approach and prevent organ lesions.

We studied two large cohorts of patients affected by
SLE and LN (in total 1052 patients with SLE/LN) strati-
fied into different groups according to the time from dis-
ease onset. In these patients, we determined the serum
levels of those antibodies of IgG2 isotype (i.e. anti-
dsDNA, anti-H2/H3, anti-C1q, anti-«aENO and ANXA1)

https://academic.oup.com/rheumatology
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Fic. 5 Clinical correlations and volcano plots
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(@) Heat map showing the association between the levels of circulating IgG2 antibodies and the clinical and laboratory
parameters in all categories of LN and SLE patients considered together [the correlogram, based on Spearman’s co-
efficient, uses a pseudocolour scale (from red, +1, positive; to blue, -1, negative; and to white, 0, null), to represent
the correlation between two parameters]. Anti-ENO1 and anti-H2A IgG2 had the highest correlation with the SLEDAI
index, and anti-C1q was correlated with low C3 and C4 levels (blue = inverse correlation). (b) Heat map showing the
percentage incidence of target organ pathologies in all the categories of SLE and LN patients (0—-1 months up to
>96 months). Here the heat map indicates the correlation between two parameters (e.g. an antibody and an organ
pathology) [again, the correlogram, based on Spearman’s coefficient, uses a pseudocolour scale (from red, +1, posi-
tive; to blue, -1, negative; and to white, 0, null)]. (c) Volcano plots based on fold change (Log,) and on P value (-
Logig) of each antibody level identified SLE and LN patients who had experienced a renal flare in the previous

24 months. Anti-ENO1 and anti-H2A IgG2 were the antibodies with the most significant changes in LN patients.

already shown to be predominant in the serum of
patients with SLE/LN and in the glomeruli of patients
with LN [26, 29, 37]. Based on the large number of
patients enrolled in the study, and the technological
advancements in the assays for the detection of anti-
bodies, we suggest that the novel findings reported here
should be considered in daily clinical practice.

Levels of circulating auto-antibodies were the main
focus of our study because they are directly involved in
the pathogenesis of any organ pathology linked with
SLE. Previous studies have been mainly focused on
antibodies against nucleosome components (i.e. anti-
dsDNA, anti-histones) and, with reference to LN, on
anti-C1qg. Results for anti-dsDNA are variable, and large-
ly dependent on antibody levels: only high titres of
antibodies are, in fact, associated with SLE activity [17,
20]. The limited size of studies, the variability of technol-
ogies used for anti-dsDNA antibody detection and the
lack of specificity of IgG isotypes, have been major limi-
tations for most previous reports [11].

Before discussing the clinical relevance of our find-
ings, two technical peculiarities of the new antibodies
should be considered: first, there was a logarithmic cor-
relation between circulating levels of anti-dsDNA 1gG2

https://academic.oup.com/rheumatology

and anti-dsDNA IgGs as determined with the classical
Farr radioimmunoassay in the serum of 500 SLE
patients. The same logarithmic correlation was observed
between anti-C1q 1gG2 and anti-C1q IgGs as deter-
mined by commercial assays. This implies that signifi-
cant changes in the IgG2 titres in the serum of SLE
patients correspond to minimal variations in IgGs and
means that evaluating antibodies with the 1gG2 isotype
offers a better chance to observe potential clinical asso-
ciations. The second peculiarity is that, with the excep-
tion of anti-dsDNA and anti-AnxA1 IgG2, levels of the
various circulating antibodies were not correlated with
one another, indicating that the mechanism for their for-
mation was not univocal. Anti-dsDNA and anti-AnxA1
IgG2 levels were directly correlated: as a possible but
not definite explanation suggested by in vivo experi-
ments, these two molecules may interact due to their
opposite charge and form a macromolecular complex
(DNA is negatively charged and Annexin A1 is cationic)
[38, 39], and this could be recognized by the same
autoantibody.

In addition to the main finding of the study (related to
the high power of the 1gG2 antibodies that constitute
our panel to discriminate between SLE/LN patients and
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healthy controls), it is of note that anti-H2A, anti-ANXA1
and anti-dsDNA were also able to discriminate between
SLE/LN and patients with different rheumatologic condi-
tions, with AUCs ranging from 0.78 to 0.83. Finally, anti-
H3 IgG2 levels were very high in patients with PAPS,
representing a discriminatory element between these
patients and healthy controls and, to a less extent, be-
tween these patients and those with SLE, LN and RA.
The new findings for anti-H3 IgG2 require further con-
firmation in an additional larger cohort of patients with
PAPS.

A second relevant new point, that is supported by the
following findings, is that serum levels of anti—-ENO1
and anti-H2 19G2 completely discriminate between LN
and SLE: (i) at the beginning of the disease (To-1 month)
and preceding the start of any therapy, the percentage
of patients positive for both antibodies was much higher
in LN than in SLE patients; (i) limiting the time of obser-
vation to within the first year from disease onset (which
includes acute renal flares and likely limits the effects of
therapy), anti-ENO1 and anti-H2 levels were higher in
LN than in SLE (AUC 0.82 and 0.86 for anti-ENO1 and
anti-H2, respectively); (iii) the percentages of patients
with high levels of anti-aENO and anti-H2 1gG2 at the
beginning of symptoms (To_1 montn) Were 60% and 65%,
respectively, compared with 3% of SLE patients, and
90% when combined; this difference was highly signifi-
cant; (iv) the volcano plot that incorporates several ele-
ments (specificity, sensitivity) of the association between
different antibodies levels and LN supports this import-
ant finding. More data about the potential use of anti-
ENO1 IgG2 as a biomarker of a specific LN subgroup
are presented in the second part of this study, in which,
prospective analysis provides crucial elements for the
discussion (Bruschi et al. part 2). Variations in antibody
levels between LN/SLE and other rheumatologic condi-
tions were only partial, and there is a need to extend
the study in larger cohorts of patients.

A third point to be discussed is the correlation between
serum levels of anti—ENO1 and anti-H2 1gG2 antibodies
with the SLEDAI index of disease activity: this correlation,
together with the higher AUC of ROC curves between LN
and SLE of new onset and the correlation with arthritis,
suggest that serum levels of these antibodies significantly
reflect the disease activity. As an ancillary finding, an in-
verse correlation between anti-C1g 1gG2 and C3/C4
serum levels has been observed that is supported by the
increased fragmentation of complement components.

Our approach also has limitations, which are mainly
related to the cross-sectional model and the relatively
low number of SLE patients at the onset of the disease
(in a phase before the start of therapies); to determine
differences from other rheumatologic conditions, there is
a need to extend the study to larger cohorts of patients.

In conclusion, the results of this first part of the study
offer the opportunity to approach the broad field of SLE,
LN and of other rheumatologic conditions in terms of
personalized medicine in which newly discovered specif-
ic biomarkers of disease flares could be used for early
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diagnosis and prevention. A critical revision of classical
parameters of lupus activity led to consider the incon-
sistency of those that, in the past, appeared as specific
biomarkers and in particular of anti-dsDNA. Longitudinal
studies will provide further data, enabling the consider-
ation of new antibodies as specific and reliable bio-
markers of LN (Bruschi et al. part 2).
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