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Abstract

Objectives. Circulating anti-ENO1 and anti-H2A IgG2 have been identified as specific signatures of LN in a cross-

over approach. We sought to show whether the same antibodies identify selected population of patients with LN

with potentially different clinical outcomes.

Methods. Here we report the prospective analysis over 36 months of circulating IgG2 levels in patients with newly

diagnosed LN (n¼91) and SLE (n¼31) and in other patients with SLE recruited within 2 years from diagnosis

(n¼99). Anti-podocyte (ENO1), anti-nucleosome (DNA, histone 2 A, histone 3) and anti-circulating proteins (C1q,

AnnexinA1-ANXA1) IgG2 antibodies were determined by home-made techniques.

Results. LN patients were the main focus of the study. Anti-ENO1, anti-H2A and anti-ANXA1 IgG2 decreased in

parallel to proteinuria and normalized within 12 months in the majority of patients while anti-dsDNA IgG2 remained

high over the 36 months. Anti-ENO1 and anti-H2A had the highest association with proteinuria (Heat Map) and

identified the highest number of patients with high proteinuria (68% and 71% respectively) and/or with reduced

estimated glomerula filtration rate (eGFR) (58% for both antibodies) compared with 23% and 17% of anti-dsDNA
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(agreement analysis). Anti-ENO1 positive LN patients had higher proteinuria than negative patients at T0 and pre-

sented the maximal decrement within 12 months.

Conclusions. Anti-ENO1, anti-H2A and anti-ANXA1 antibodies were associated with high proteinuria in LN

patients and Anti-ENO1 also presented the maximal reduction within 12 months that paralleled the decrease of pro-

teinuria. Anti-dsDNA were not associated with renal outcome parameters. New IgG2 antibody signatures should be

utilized as tracers of personalized therapies in LN.

Trial registration. The Zeus study was registered at https://clinicaltrials.gov (study number: NCT02403115).

Key words: lupus nephritis, systemic lupus erythematosus, biomarkers, anti-ENO1 antibodies, anti-Histone
2A antibodies, anti-C1q antibodies

Introduction

LN is one of the most serious organ complications of

SLE. It affects almost 50% of patients with SLE, corre-

sponding to 25–50 cases in a population of 100 000 [1].

LN is mainly characterized by the deposition of autoanti-

bodies within glomeruli with different grades of prolifera-

tive activity [2]. LN may develop de novo or in patients

with a previous diagnosis of SLE [3], in which case, sub-

stantial modification of therapies with addition of im-

munosuppressive agents beyond steroids is required.

Many studies have previously attempted to define

specific biomarkers of LN, suggesting the anti-dsDNA/

anti-nucleosome antibodies as valid tools in the specific

diagnosis of LN. In fact, several experimental observa-

tions supported their possible role in the pathogenesis

of renal involvement: (i) anti-dsDNA were eluted from

renal glomeruli of patients with LN [4, 5]; (ii) anti-dsDNA

antibodies were shown to target chromatin fragments

and non-nucleosome proteins in mesangial cells and in

the GBM [4, 6–9]; and (iii) injection of anti-dsDNA IgGs

in mice caused the deposition of chromatin-IgG com-

plex within the GBM [10, 11].

However, despite these findings, the evidence of a

clinical association between LN and circulating anti-

dsDNA antibodies is still weak, and several findings

from previous studies have proved contradictory [12–

14]. A survey of the literature published before 2002 on

the association between circulating anti-dsDNA antibod-

ies in serum and LN indicated a likelihood ratio of only

1.7 indicating that the significance of anti-dsDNA as a

means to discriminate patients with and without LN

among SLE subjects is low [15]. In the last decade, anti-

C1q antibodies have also been proposed as a second

autoimmunity biomarker of LN, especially associated

with proliferative glomerulonephritis [16, 17].

The primary reason why studies could not definitely

demonstrate the specificity of anti-dsDNA antibodies for

LN was the non-homogeneity of assays utilized in the

different studies (i.e. Farr assays, Crytidia Lucillae, vari-

ous ELISAs), and their non-specificity in respect to the

IgG2 isotype: IgG2 represents, in fact, the prevalent iso-

type of antibodies micro-eluted from glomeruli of

patients with LN and is therefore defined as a nephro-

genic isotype [18, 19]. The issues reported here have

been faced and addressed by the Part 1 of the study,

consisting of a cross-over analysis of nephritogenic anti-

bodies on a large population of 1052 SLE patients with

(479) and without (573) LN and subdivided according to

the time of disease onset. The laboratory approach con-

sisted of the determination of antibodies of the IgG2 iso-

type vs the nucleosome components (i.e. anti-dsDNA,

anti-Histone2A, anti-Histone3) as well as antibodies vs

intracellular antigens (i.e. anti-alpha enolase) (anti-ENO1)

and vs circulating proteins (i.e. anti-C1q, anti-Annexin

A1) (antiANXA1). Of this panel, anti-ENO1 and anti-H2A

IgG2 were associated with high SLEDAI and their pres-

ence discriminated between SLE and LN (ROC, Venn

diagram); a main finding supporting this association was

that high levels of anti-ENO1 and/or anti-H2A IgG2

could be found in 90% of LN patients vs fewer than 3%

of SLE. In the second part of the study we defined the

clinical meaning of the antibody signature (i.e. high anti-

ENO1 and anti-H2A IgG2 vs anti-dsDNA): here, we re-

port the prospective analysis of the serum levels of such

antibodies in patients with LN, for a follow-up of

36 months.

Materials and methods

Patients

This part of the study included a proportion of the large

cohort of patients described in Part 1: specifically, the

new study cohort included 91 patients with incident LN

who had been recruited at the begin of the renal flare

(T0–1m), 31 SLE patients who had been recruited at the

Rheumatology key messages

. Circulating anti-dsDNA IgG2 are dissociated from parameters of renal outcome in patients with lupus nephritis (LN).

. Circulating anti-ENO1 IgG2 identify patients with incident LN who likely remit after adequate therapies.

. Anti-ENO1 IgG2 should be utilized as markers of remittent LN and tracers of therapy effectiveness.
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same time and 99 incident SLE who had been recruited

during the first and second year from the original diag-

nosis (T1–24m). The basic pre-requisite for enrolment in

the prospective study was patient availability for a 36-

month follow up period, during which we obtained

serum samples every 6 months. All patients were

recruited within the framework of the nationwide collab-

orative Zeus study https://clinicaltrials.gov (study num-

ber: NCT02403115). The data base and collected

samples are located at the Giannina Gaslini Institute of

Genoa (I) [20].

Inclusion criteria

Inclusion criteria have been reported in Part 1 of the

study: age between 18 and 55 years, any sex and the

availability of informed consent. Diagnosis of SLE was

made according to the American College of

Rheumatology systemic lupus classification criteria as

revised by the Systemic Lupus International

Collaborating Clinics (SLICC) [21]. The initial diagnosis of

LN was suspected on the basis of urinary elements

such as haematuria, proteinuria, and/or worsening of

renal function and was confirmed by immune-histology

including immunofluorescence and classical histology

staining. For histological evaluation of kidney disease,

Dubosq–Brasil solution-fixed tissues were embedded in

paraffin, sectioned, and stained with haematoxylin/eosin,

Masson’s trichrome, silver methenamine, and periodic–

acid Schiff. Routine immunofluorescence studies on fro-

zen sections were performed using anti-human IgG, IgA,

IgM, C1q, C3, C4, C4d and fibrinogen antibodies.

Exclusion criteria

Exclusion criteria were the presence of severe infec-

tions, malignancies, positivity for chronic HBV or HCV,

breast-feeding or pregnancy.

Renal activity stadiation

Renal activity stadiation was performed according to a

modification of criteria already proposed by Moroni

et al. [22]: (i) renal remission, estimated glomerula filtra-

tion rate (eGFR) >60 mL/min, proteinuria <0.3 g/day; (ii)

partial renal remission, proteinuria between 0.3 and

3.5 g/day; (iii) nephrotic syndrome, proteinuria >3.5 g/

day and serum albumin <3.5 g%; (iv) chronic kidney dis-

ease (CKD), eGFR <60 mL/min and inactive urinary sedi-

ment; (v) end-stage renal failure (ESRD), need of renal

replacement therapy. eGFR was calculated by CKD-EPI.

Groups of controls

The same 182 healthy subjects recruited among the

hospital staff already reported in Part 1.

Ethics committee

Before initiation of the study, we obtained written ap-

proval of the protocol from the local Independent Ethics

Committee (Comitato Etico Regione Liguria) on 24

October 2014 and from the Italian Drug Agency (Agenzia

Italiana del Farmaco, AIFA). The study was registered at

study number: NCT02403115.

Methods and antibody assays

They have been already described in Part 1 of the

study.

Normal limits

Normal limits for all the tests above were calculated

from ROC curves; the Cut Off represented the value that

minimizes the geometric distance between 100% sensi-

tivity and 100% specificity on the ROC curves [23].

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

Auto-antibodies levels were expressed as median and

interquartile range. Difference between antibodies titres

at different observational times were determined using

Friedman non-parametric test for paired measures. The

difference between the variation in antibody levels in the

TABLE 1 Clinical data relative to patients with incident LN

and SLE

LN (n591) SLE (n5130)

Sex M/F n(%) 12(13) / 79(87) 10(8) / 120(92)

Age 35 (25–43) 40 (25–54)
anti-dsDNA ratio 3 (0.8–24) 3 (1–15)
SLEDAI 9 (7–11) 2 (1–4)

C3 68 (45–89) 85 (70–107)
C4 10 (5–17) 13 (7–18)

Histological class
I n(%) 1(1)
II 8(9)

III 13(14)
IV 36(40)

V 32(35)
VI 1(1)
Proteinuria at T0 2.2 (0.7–4.2) 0.1 (0.05–0.15)

Proteinuria at T12 0.5 (0.2–1.2) 0.1 (0.05–0.14)
Proteinuria at T24 0.27 (0.2–0.8) 0.1 (0.05–0.14)

eGFR ml/min/1.73m2 at T0 93 (71–119) 110 (97–131)
eGFR ml/min/1.73m2 at T12 95 (77–122) 111 (98–134)
eGFR ml/min/1.73m2 at T24 100 (77–125) 102 (80–116)

Therapy n (%)
Steroids 66 (72) 42 (32)

CYC/CYA 18 (20) 5 (4)
MMF/AZA 14 (15) 6 (5)
Plaquenil 26 (29) 97 (75)

RTX 1 (1) 1 (0.8)

LN patients were a part of those patients already pre-
sented in Part 1 of the study who were recruited at the
onset of the renal disease (T0–1); SLE patients were a part

of those patients who were recruited within a year from
diagnosis. Data are given as median and interquartile

ranges. CYA: ciclosporin A; eGFR: estimated glomerula fil-
tration rate; RTX: rituximab.
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first 12 months of follow up (DT0–T12) and variation of

proteinuria in the same period were determined for each

single antibody using Kruskal–Wallis non-parametric test

for unpaired measures. In both cases, data were consid-

ered significative at two-tailed P-values �0.05 after

Dunn’s correction for multiple comparison.

Heat Maps were utilized to describe correlations be-

tween antibody levels and laboratory parameters (pro-

teinuria and eGFR). In this case, a correlogram based

on Spearman’s coefficient indicates correlations on a

pseudocolor scale from red (maximal positive correl-

ation), to blue (maximal negative correlation) and to

white (o, null), respectively. The dendogram

(Supplementary Fig. S3) displays the result of unsuper-

vised hierarchical cluster analysis.

Data were analysed to evaluate the agreement be-

tween each antibody positivity/negativity and proteinuria

(presence or absence of proteinuria >0.3 g/d or >3.5 g/

d) or eGFR (CKD-EPI > or <60 ml/min/1.73m2) for all

patients at all times. The results were collected into a

contingency table, and the agreement were calculated

by dividing the sum of true positive and true negative for

the sum of true positive, true negative, false-positive

and false-negative. Results were considered significant

at two-tailed P-values �0.05. All analyses were

performed using software package R running the last

version available at the time of experiments.

Results

Renal features of patients with LN

The main clinical characteristics of participants in the

prospective study are reported in Table 1: the major co-

hort that was the focus of the study consisted of 91 inci-

dent LN patients who were recruited when

demonstrating early signs of renal involvement (T0-1m);

31 incident SLE patients who were recruited at diagno-

sis and a further 99 recruited within 24 months from

diagnosis (T0–12m and T1–24m) represented observational

groups. All cohorts were followed for 36 months with

yearly blood sampling for the determination of the anti-

body levels and with continuous routine clinical tests.

One of the main features of the LN study group was

that proteinuria had a marked decrease within the first

12 months and it then decreased steadily in the follow-

ing 24 months (Supplementary Fig. S1, available at

Rheumatology online). eGFR was more stable and main-

tained the same median and interquartile limits. Therapy

mainly consisted of steroids and hydroxylchloroquine in

FIG. 1 Circulating levels of anti-dsDNA, anti-histone 2 A and anti-histone 3 IgG2

Circulating levels of anti-dsDNA, anti-histone 2A and anti-histone 3 IgG2 were determined in a cohort of 91 LN

patients recruited at the time of the diagnosis and were then followed for 36 months. In all cases, antibodies were of

the IgG2 isotype and levels were calculated as Relative Intensity value (RU/ml) given the absence of WHO internation-

al standards. * indicates a statistical difference with T0. WHO: World Health Organisation.

Circulating anti-ENO1 IgG2 identifies responders to therapies
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SLE patients and steroids plus cytotoxic drugs or ciclo-

sporin in LN patients (Table 1).

Serum IgG2 antibody levels during the follow up

Antibody levels at different time points of the study are

reported in Figs 1 and 2 for LN patients and in

Supplementary Figs S2––S4 (available at Rheumatology

online) for SLE patients. Anti-dsDNA IgG2 serum levels

were high in LN and SLE patients at T0 compared with

healthy people and did not modify during the follow-up

to 36 months. Anti-Histone2A and Anti-Histone 3IgG2

serum levels were higher in LN compared with both SLE

patients and healthy people at T0; in LN, their serum lev-

els reached normal levels at T12 and maintained stable

during the follow-up of 36 months. Only anti-H2 IgG2

presented modifications in the two groups of SLE

patients during the follow-up.

Anti-ENO1 and Anti-Annexin A1IgG2 serum levels

were higher in LN compared with both SLE patients and

healthy people at T0; in LN patients, serum levels of

both antibodies decreased to low levels at T12 and

maintained stable during the follow-up of 36 months. In

the two groups of SLE patients, both antibodies pre-

sented minimal variations during the follow-up.

Anti-C1q IgG2 serum levels were slightly higher in LN

compared with healthy subjects and SLE patients at T0

and then decreased in the LN group to reach low levels

at T24; in SLE patients, anti-C1q levels were variable, i.e.

high at T12 and low at T24.

Decrements of each antibody at various times of the

follow-up in patients with LN are summarized in Fig. 3,

showing major median decrements at T12m for anti-

ENO1 and anti-Annexin A1 (�55% and �70%, respect-

ively) and less evident but constant decrements for anti-

H2A and anti-H3 (�35% and �15%, respectively); the

median decrement of anti-dsDNA was 0.

Correlations of antibody levels with proteinuria and
renal function

Fig. 4 shows the levels of each antibody of the panel at

T0–36m and, in parallel, also shows proteinuria at the

same times. Anti-ENO1 and anti-ANXA1 IgG2 decreased

at each point similarly to proteinuria, anti-H2A and anti-

H3 IgG2 decreased slightly in the first 12 months, while

anti-dsDNA IgG2 remained high during the whole period.

Because eGFR was stable during the follow-up, the out-

come was separate from antibody levels

(Supplementary Fig. S5, available at Rheumatology

FIG. 2 Circulating levels of anti-ENO1, anti-annexin A1 and anti-C1q IgG2

Circulating levels of anti-ENO1, anti-ANXA1 IgG2 and anti-C1q IgG2 were determined in the same group of LN patients of Fig. 1.

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 .* indicates a statistical difference with T0. WHO: World Health Organisation.
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online). The Heat Map shown in Supplementary Fig. S6,

available at Rheumatology online, indicates the associ-

ation between each antibody level and continuous vari-

able of clinical interest (proteinuria and eGFR) or with

discrete variables (clinical groups, LN or SLE). The high-

est association was between proteinuria and anti-ENO1

and anti-H2A; in this context it is clear that the two anti-

bodies are associated with LN (red) and not with SLE

(blue).

The table of agreement (Supplementary Table S1,

available at Rheumatology online) confirms the capability

of the same two antibodies to identify the association

with proteinuria and eGFR. With this analysis, it is dem-

onstrated that anti-ENO1 identifies 68% and 73%

patients with proteinuria >0.3 g/day and 3.5 g/day, re-

spectively and 58% of patients with a reduced eGFR,

and that anti-H2A identifies 70%, 71% and 58%, re-

spectively. The performance of anti-dsDNA was by far

worse, as it identified 50%, 23% and 17% of patients

with proteinuria >0.3 g/day, 3.5 g/day and reduced

eGFR, respectively.

Anti-ENO1 positivity identifies different classes of LN

At T0–1m, anti-ENO1 IgG2 levels were higher than normal

people in 90% of the LN cohort; as the unique example

among all the antibodies of the panel, anti-

ENO1positivity was associated with a higher proteinuria

than in the negative group (Fig. 5). On the other hand,

the decrement of proteinuria in the anti-ENO1 positive

group during the first 12 months of follow-up was more

evident than in patients who were anti-ENO1 negative,

then leading to normalization of proteinuria. Patients

who were positive and negative to other antibodies did

not present different decrement of proteinuria

(Supplementary Figs S7 and S8, available at

Rheumatology online).

Discussion

In Part 1 of this study, we reported that several antibod-

ies of IgG2 isotype (anti-dsDNA, anti-H2A, anti-H3, anti-

ANXA1 and anti-ENO1) represent a new and specific

signature of SLE/LN when compared with healthy sub-

jects. Compared with classical SLE/LN biomarkers, such

as anti-dsDNA and anti-C1q IgGs, the new antibodies

were much more sensitive in identifying those patients

with mild or initial forms of SLE/LN. High levels of anti-

ENO1 and anti-H2A IgG2 also discriminated LN from

SLE.

The main focus of Part 2 was the modifications of

antibody titres in patients with incident LN who were fol-

lowed longitudinally from the beginning of the disease

up to 36 months and the evaluation of how these

changes could be associated with the outcome of pro-

teinuria and of renal function. The objective was to de-

fine whether any specific antibody could identify cohorts

of patients with different renal characteristics.

The main finding of this study was that each IgG2

antibody had different trends during the follow-up: only

a few presented a significant decrease within 12 months

from the onset of LN, while others had limited modifica-

tions and/or maintained high levels during the whole

period of the study. In particular, anti-dsDNA and anti-

C1q antibodies belonged to the second group. Anti-

histones had a stable but limited decrease (�15% and

�35% for anti-H3 and anti-H2A, respectively) while anti-

ENO1 and anti-ANXA1 IgG2 levels normalized during the

first 12 months and remained within the normal range for

the 36 months of the follow-up. Normalization in the

short term and maintenance of normal levels of both

antibodies were paralleled by specular and synchronous

normalization of proteinuria. Agreement analysis further

confirmed the capability of anti-ENO1 antibodies to

identify patients with or without proteinuria and high or

low eGFR. Of note, anti-dsDNA had no correlation with

any parameter of renal outcome. Overall, these results

confirmed what was already observed in Part 1 of the

study and further strengthened the poor association of

anti-dsDNA with LN in patients followed prospectively

for years.

It is clear that an association between two phenom-

ena such as those here described, i.e. concomitant de-

crease of proteinuria and of anti-ENO1 circulating levels,

does not imply any direct pathogenetic role. In fact,

both anti-ENO1 levels and proteinuria may reflect a

change of disease activity as in Part 1 of the study has

been reported.

FIG. 3 Variations of circulating antibodies within

12 months of follow-up in LN patients

Variations of circulating levels of each antibody from T0

were determined after 12 months of follow-up in LN

patients. The decrement of proteinuria is reported for

comparison. It is shown that anti-ENO1 and anti-ANXA1

had the maximal decrement and that anti-dsDNA had

no variation at all. Results are shown as median and

interquartile range. *indicates a statistical difference be-

tween anti-dsDNA and anti-ANXA1 with anti-ENO1.

Circulating anti-ENO1 IgG2 identifies responders to therapies
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However, in spite of the limited number of patients

and potentially variable effects of medications, our

observations indicate that by monitoring serum levels of

anti-ENO1, it is possible to identify a category of LN

patients whose clinical outcome is characterized by nor-

malization of proteinuiria within 1 year: an indirect sign of

resolution of LN. Outcome prediction for LN patients

based on levels of a circulating marker is clinically rele-

vant and offers a practical way of handling and monitor-

ing the effects of therapies using simple laboratory data.

Studies on innovative drugs should therefore consider

utilizing new antibody fingerprints for increasing the stat-

istical power, thereby opening, de facto, a new season

in the search for treatments of LN based on personal-

ized medicine. This evolution would justify the use of a

new antibody fingerprint as an adjunctive tool to predict

outcome in every single patient.

How could the different decreases in antibody levels

be explained? We speculate that anti-ENO1 and anti-

ANXA1 IgG2 respond more rapidly to therapies com-

pared with anti-dsDNA due to different autoimmune

processes involved in their generation. Both DNA and

Enolase and partially also Annexin A1 [24] are intracellu-

lar components and need to be externalized to achieve

an immune response. One of the mechanisms for exter-

nalization is the formation of Neutrophil Extracellular

Traps (NETs), a particular form of apoptosis that con-

tains both DNA and soluble proteins including Enolase

and annexins (see below) [25]. Fragments of DNA of dif-

ferent sizes are also transported in microparticles that

derive from apopotic cells [26, 27]. Removal of DNA

from NETs and from microparticles requires DNases [28,

29] and takes place with different modalities; protein

components of NETs are, instead, removed by pro-

teases. It is conceivable that the removal of DNA and of

soluble proteins takes place in different times and that

the exposure of DNA and proteins to the environment is

different, implying different antibody kinetics.

At least for anti-ENO1, recent advances have clarified

a possible mechanism for auto-antibody formation that

involves an oxidized isoform of ENO1 (with a methionine

sulphoxide 93) and NETs [25] that accumulate in serum

FIG. 4 Time course of proteinuria and of circulating levels of antibodies in LN patients

Circulating levels of each antibody were determined every 12 months for 3 years in LN patients. Results are reported

together with proteinuria determined at the same time points. Statistical significance of the decrement in circulating

antibodies is reported in Figs 1–3. Statistical significance of proteinuria decrements is reported in Supplementary Fig.

S1, available at Rheumatology online.
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for a defective removal linked to DNases [30, 31].

Experimental studies support the implication of NETs in

lupus, and oxidized components of NETs contributed to

determining lupus-like disease in mice; in addition, oxi-

dation inhibitors reduced the severity of renal lesions in

the same mouse model of SLE and nephritis [32, 33].

Last but not least, ENO1 and NETs can justify the rele-

vance of the IgG2 isotype of antibodies: studies in vitro

with B cells demonstrated that the NETs-DNA-ENO1

complex stimulates TLR8 and TLR9 to proliferate and

produce IgG2 (personal unpublished observation).

Blocking or reducing NETs formation or enhancing their

removal are two potential new ways of intervention to

modulate the formation of anti-ENO1 antibodies. TLR8-

TLR9 may represent potential targets to reduce the pro-

duction of nephritogenic anti-ENO1 IgG2 antibodies.

In conclusion, the results of this study offer the oppor-

tunity to approach the broad field of LN in terms of per-

sonalized medicine, in which newly developed specific

biomarkers of renal flare could be utilized in early diag-

nosis and, above all, for governing treatments. In this

view, patients with high anti-ENO1 IgG2 levels have

FIG. 5 Proteinuria at T0 and modifications during the follow-up in anti-ENO1 positive and negative LN patients

Proteinuria at T0 and % changes during the first 12 months of follow-up are reported for patients positive and nega-

tive for anti-ENO1. In the former case (proteinuria levels) a statistical difference was observed between the two

groups. Also, the decrement of proteinuria was more evident in anti-ENO1 positive patients. The same parameters

are reported sub-dividing the whole LN group in respect to positivity for anti-dsDNA IgG2.
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more chances to undergo remission of proteinuria.

Determining all these parameters offers chances for a

more effective personalized approach to LN. Studies on

mechanisms underlying the formation of autoantibodies

against enolase and on isotype switching leading to

IgG2 offer chances for developing unexplored concepts

about the pathogenesis of LN.

Acknowledgements

The Giannina Gaslini Institute (trial sponsor) had pro-

vided logistic and financial support to the study through

grants from the ministry of health (‘Cinque per mille of

IRPEF-Finanziamento della ricerca sanitaria’) and from

the ministry of Research (‘Ricerca Corrente’). People

working at the project on LN belong to the

“Fondazione Malattie Renali del Bambino” of which we

acknowledge the financial support. Grant ROL 9849

was received from Compagnia di San Paolo. Thanks to

all the Zeus study participants (doctors, nurses, labora-

tory personnel) and to all patients who accepted to be

enrolled. Thanks to Miss Anna Capurro for reviewing

grammar and English style. G.M.G. and A.R. were the

principal investigators (PI) of the study. They were

involved in the study design and coordination, patients’

recruitment, data managing and supervision, manu-

script writing and discussion. M.B. had a key role in

lab analysis, proteomics, supervision, statistics and

data managing; G.C., A.P., M.P. were involved in lab

analysis; G.M., R.A.S., F.F., M.F., A.V., L.C., F.P., P.M.,

F.L., G.Pa., G.Pe., M.B., A.M., G.A.R., P.E., G.M., S.N.,

L.C., B.T., G.E., I.C., V.B., M.dA., P.F., I.P., G.G., C.M.,

D.S., F.S., S.V., M.M., A.T., E.V., A.A. were involved in

patient recruitment, data managing, manuscript

discussion.

Disclosure statement: The authors have declared no

conflicts of interest.

Funding: No specific funding was received from any

funding agency in the public, commercial or not-for-

profit sectors to carry out the work described in this

manuscript.

Data availability statement

Specific data are available upon request. Please write to

gmarcoghiggeri@gaslini.org.

Supplementary data

Supplementary data are available at Rheumatology

online.

References

1 Rahman A, Isenberg DA. Systemic lupus erythematosus.

N Engl J Med 2008;358:929–39.

2 Bagavant H, Fu SM. Pathogenesis of kidney disease in
systemic lupus erythematosus. Curr Opin Rheumatol

2009;21:489–94.

3 Hanly JG, O’Keeffe AG, Su L et al. The frequency and

outcome of lupus nephritis: results from an international

inception cohort study. Rheumatology 2016;55:252–62.

4 Mjelle JE, Mjelle JE, Kalaaji M et al. Exposure of

chromatin and not high affinity for dsDNA determines the

nephritogenic impact of anti-dsDNA antibodies in
(NZBxNZW)F1 mice. Autoimmunity 2009;42:104–11.

5 Xie C, Liang Z, Chang S, Mohan C. Use of a novel

elution regimen reveals the dominance of polyreactive

antinuclear autoantibodies in lupus kidneys. Arthritis

Rheum 2003;48:2343–52.

6 Kalaaji M, Sturfelt G, Mjelle JE, Nossent H, Rekvig OP.

Critical comparative analyses of anti-alpha-actinin and

glomerulus-bound antibodies in human and murine lupus
nephritis. Arthritis Rheum 2006;54:914–26.

7 Kalaaji M, Mortensen E, Jorgensen L, Olsen R, Rekvig

OP. Nephritogenic lupus antibodies recognize glomerular

basement membrane-associated chromatin fragments

released from apoptotic intraglomerular cells. Am J

Pathol 2006;168:1779–92.

8 Yung S, Cheung KF, Zhang Q, Chan TM. Anti-dsDNA
antibodies bind to mesangial annexin II in lupus

nephritis. J Am Soc Nephrol 2010;21:1912–27.

9 Romay-Penabad Z, Montiel-Manzano MG, Shilagard T et

al. Annexin A2 is involved in antiphospholipid antibody-

mediated pathogenic effects in vitro and in vivo. Blood

2009;114:3074–83.

10 Krishnan MR, Wang C, Marion TN. Anti-DNA

autoantibodies initiate experimental lupus nephritis by
binding directly to the glomerular basement membrane

in mice. Kidney Int 2012;82:184–92.

11 Rekvig OP. The anti-DNA antibody: origin and impact,

dogmas and controversies. Nat Rev Rheumatol 2015;11:

530–40.

12 Font J, Cervera R, Ramos-Casals M et al. Clusters of

clinical and immunologic features in systemic lupus

erythematosus: analysis of 600 patients from a single
center. Semin Arthritis Rheum 2004;33:217–30.

13 Gensous N, Marti A, Barnetche T, on behalf of the FHU

ACRONIM et al. Predictive biological markers of

systemic lupus erythematosus flares: a systematic

literature review. Arthritis Res Ther 2017;19:238.

14 Yang J, Xu Z, Sui M et al. Co-positivity for anti-dsDNA, -

nucleosome and -histone antibodies in lupus nephritis is

indicative of high serum levels and severe nephropathy.
PLoS One 2015;10:e0140441.

15 Kavanaugh AF, Solomon DH, The American College

of Rheumatology Ad Hoc Committee on

Immunologic Testing Guidelines. Guidelines for

immunologic laboratory testing in the rheumatic

diseases: anti-DNA antibody tests. Arthritis Rheum

2002;47:546–55.

16 Moroni G, Radice A, Giammarresi G et al. Are

laboratory tests useful for monitoring the activity of

lupus nephritis? A 6-year prospective study in a cohort

of 228 patients with lupus nephritis. Ann Rheum Dis

2009;68:234–7.

Maurizio Bruschi et al.

3396 https://academic.oup.com/rheumatology

https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa793#supplementary-data


17 Sinico RA, Rimoldi L, Radice A et al. Anti-C1q
autoantibodies in lupus nephritis. Ann N Y Acad Sci
2009;1173:47–51.

18 Mannik M, Merrill CE, Stamps LD, Wener MH. Multiple

autoantibodies form the glomerular immune deposits in
patients with systemic lupus erythematosus. J
Rheumatol 2003;30:1495–504.

19 Bruschi M, Galetti M, Sinico RA et al. Glomerular

autoimmune multicomponents of human lupus nephritis
in vivo (2): planted antigens. J Am Soc Nephrol 2015;26:

1905–24.

20 Bonanni A, Vaglio A, Bruschi M et al. Multi-antibody
composition in lupus nephritis: isotype and antigen
specificity make the difference. Autoimmun Rev 2015;14:

692–702.

21 Petri M, Orbai AM, Alarcon GS et al. Derivation and
validation of the Systemic Lupus International
Collaborating Clinics classification criteria for systemic

lupus erythematosus. Arthritis Rheum 2012;64:
2677–86.

22 Moroni G, Vercelloni PG, Quaglini S et al. Changing

patterns in clinical-histological presentation and renal
outcome over the last five decades in a cohort of 499
patients with lupus nephritis. Ann Rheum Dis 2018;77:

1318–25.

23 Zweig MH, Campbell G. Receiver-operating
characteristic (ROC) plots: a fundamental evaluation
tool in clinical medicine. Clin Chem 1993;39:

561–77.

24 Bruschi M, Petretto A, Vaglio A et al. Annexin A1 and
autoimmunity: from basic science to clinical applications.

Int J Mol Sci 2018;19.

25 Bruschi M, Petretto A, Santucci L et al. Neutrophil
Extracellular Traps protein composition is specific for

patients with Lupus nephritis and includes methyl-
oxidized alphaenolase (methionine sulfoxide 93). Sci Rep
2019;9:7934.

26 Dieker J, Tel J, Pieterse E et al. Circulating apoptotic

microparticles in systemic lupus erythematosus patients
drive the activation of dendritic cell subsets and prime
neutrophils for NETosis. Arthritis Rheumatol 2016;68:

462–72.

27 Ullal AJ, Reich CF, 3rd, Clowse M et al. Microparticles
as antigenic targets of antibodies to DNA and

nucleosomes in systemic lupus erythematosus. J
Autoimmun 2011;36:173–80.

28 Napirei M, Ludwig S, Mezrhab J, Klöckl T, Mannherz
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