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95% confidence interval (1.040-5.260)]. 
Conclusions: A better understanding of the genetic ba-
sis of systemic lupus erythematosus will help in the de-
velopment of new and more effectives strategies for the
treatment of the disease in the future.
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IntroductIon

Systemic lupus erythematosus (SLE) is a multifacto rial
autoimmune disease characterized by excessive au-
toantibody production, immune complex deposition,
and immunologically mediated tissue damage. The
clinical manifestations and disease severity vary great-
ly among patients, with periods of illness (flares) alter-
nating with remission. One of the most severe compli-
cations of SLE is glomerulonephritis, which leads to
severe persistent proteinuria, chronic renal failure, and
end-stage renal disease1,2.

The etiopathogenesis of the disease remains unclear
but involves a combination of genetic, environmental,
and hormonal factors3. Genetic factors are likely to play
an important role in susceptibility to the disease, the au-
toantibody profile of the patient and particularly the
disease phenotype4,5. Certain major histocompatibility
complex allele (HLA A1, B8, DR3) defects in the clas-
sical complement pathway and/or defects in apoptotic
clearance are strongly associated with SLE. In fact,
DNase I, an endonuclease involved in the breakdown
of chromatin during apoptosis6, has been implicated in
the pathophysiology of the disease. In 1981, Chitra-
bamrung et al. found decreased serum DNase I activi-
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AbstrAct 

Objectives: Systemic lupus erythematosus is a multi-
factorial autoimmune disease and the glomerulo -
nephritis is one of the most severe complications, which
leads to severe persistent proteinuria, chronic renal failu -
re, and end-stage renal disease. This multicenter stu dy
investigated the genetic associations of a non-synony -
mous single-nucleotide polymorphism in DNase I with
the risk of lupus and its influence on development of
nephropathy in an Argentinean population. 
Methods: Using the polymerase chain reaction restric-
tion fragment length polymorphism method, the
Q222R (+2373A�G; Gln244Arg) DNase I polymor-
phism was studied in 156 systemic lupus erythemato-
sus patients and 170 healthy controls. 
Results: Although no significant association between
Q222R polymorphism and the risk of systemic lupus
erythematosus was found, the presence of the A allele
was associated with an increased risk for the deve -
lopment of nephropathy (p=0.019, Odds Ratio=2.196,
95 % confidence interval [1.135-4.247]) and a worse
disease course [moderate disease course: p=0.006, Odds
Ratio=3.250, 95% confidence interval (1.401-7.539);
severe disease course: p=0.040, Odds Ratio=2.339,
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ty in patients with SLE7. More recently, it was shown
that a DNase I knockout mouse develops a lupus-like
syndrome8, and a lower level of DNase I activity was
reported along with an extremely high immunoglobu -
lin G titer against nucleosomal antigens in two Ja pa -
nese SLE patients harbouring a nonsense mutation in
the DNase I gene9. However, subsequent studies in SLE
patients of different ethnic groups have shown that this
nonsense mutation is extremely rare.

Human DNase I is genetically polymorphic and is
controlled by six codominant alleles10. The most com-
mon single-nucleotide polymorphism (SNP), Q222R
(rs1053874), is determined by two alleles, A and G11,
and was reported to be associated with SLE suscepti-
bility in Spanish12 and South Indian populations13.
However, a study in a Korean population did not find
such association14, though the SNP was linked to the
development of anti-RNP and anti-dsDNA antibodies.

As the Q222R polymorphism in the DNase I gene
is strictly related to ethnicity10 and there is insufficient
evidence about its association with susceptibility to
and/or the course of SLE, we investigated the rela-
tionship of this SNP with susceptibility to and clinical
features of SLE in an Argentinean cohort. A better un-
derstanding of the pathological mechanisms involved
in SLE would help in the development of new thera-
peutic strategies.

mAterIAls And methods

pAtIents 

We studied a total of 326 Argentinean subjects, 156 of
whom met the revised classification criteria of the
American College of Rheumatology (ACR) for
SLE15.The control group consisted of 170 unrelated

tAble I. demogrAphIc, clInIcAl And bIochemIcAl feAtures of the study subjects

SLE group Healthy controls
Demographic features n = 156 n = 170
Females; n (%) 143 (92)* 143 (84)*
Age; years, median (IQR) 35 (28-45)* 32 (28-43)*
Age of onset; years, median (IQR) 27 (21-36)
Disease duration; years, median (IQR) 5 (3-10)
Numbers of ACR criteria; %

4-5 44.3
6-7 35.8
>7 19.8

Lupus flares; %
0 35.8
1-2 55.0
>2 9.2

SLICC score; %
0 49.0
1-2 31.8
>2 19.2

Disease course; % 
Mild 29.1
Moderate 34.4
Severe 36.4

Nephropathy; %  50.9
Antiphospholipid antibodies; % 27.6
Antiphospholipid syndrome; % 6.3

*The SLE patients and control subjects were statistically comparable with regard to sex and age (p>0.05).
SLE: Systemic Lupus Erythematosus; ACR: American College of Rheumatology; SLICC: Systemic Lupus International Collaborative Clinics;
IQR: interquartile range.
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healthy subjects from the general population who had
no personal history of chronic inflammatory diseases or
autoimmune diseases and were considered to be
‘‘metabolically healthy’’ individuals. All subjects were of
Argentine descent and had the same ethno-geogra phic
and social origins. The Argentinean population is the
result of genetic admixture processes involving three
continental contributors: Native Ame ricans, Western
Africans and Europeans (mainly Spaniards and Ita -
lians), although the African component detected in dif-
ferent studies was very low (less than 4%). We select-
ed a representative sample of the admixed urban
Argentinean population16,17.

The study was approved by the ethics committees of
the medical centers and was performed according to
the principles of the Declaration of Helsinki. Written
informed consent was obtained from each participant.

genotype AnAlysIs

Genomic DNA was isolated from 200 µl of whole blood
using QIAamp DNA Mini Kit (Qiagen, Valencia, CA,
USA). The Q222R SNP was analyzed by polymerase
chain reaction (PCR), followed by restriction fragment
length polymorphism. Primers for the specific ampli-
fication of a DNA fragment encompassing the SNP were
designed on the basis of the nucleotide sequence of hu-
man DNASE I (GenBank accession no. D83195).

PCR amplification was performed in a 50 µl reac-
tion mixture using 10 ng of DNA. The reaction mixture
contained 1X buffer (10 mM Tris–HCl, pH 8.8, 50 mM
KCl, 0.08% (v/v), Nonidet P40), 3 mM MgCl2, 0.2 mM
dNTPs, 1 µM of each primer and 1.25 U of Taq DNA
polymerase (Thermo Scientific, Waltham, Mas-
sachusetts, USA). PCR was performed with a protocol
consisting of initial denaturation at 94°C for 5 min, 35
cycles of denaturation at 94°C for 45 s, annealing at
58°C for 45 s and extension at 72°C for 45 s, followed
by a final extension at 72°C for 10 min.

A 15 µl aliquot of the PCR product was digested with
5 U of Sty I at 37°C for 4 h in a final reaction mixture
volume of 20 µl. The total digested product was sepa-
rated in a 2% agarose gel and visualized by stai ning
with SYBR Safe® (Invitrogen, Eugene, OR, USA).

lAborAtory tests

We considered the presence of antiphospholipid anti-
bodies in patient samples in which anti-cardiolipin
(aCL) antibodies and/or lupus anticoagulant (LA) ac-
tivity were detected.

aCL antibodies were detected by enzyme im-

munoassays targeting both the IgG and IgM isotypes.
We considered serum aCL titers in the medium or high
range (>99th percentile) to be positive results. LA ac-
tivity was measured following the guidelines of the
Subcommittee for the Standardization of Lupus An -
ticoagulants of the International Society of Thrombo-
sis and Haemostasis18.

demogrAphIc, clInIcAl, And lAborAtory dAtA 

Data on sex, age, age of onset, disease course (clinical
manifestations: mild, moderate, severe), disease dura-
tion, number of ACR classification criteria, Syste -
mic Lupus Erythematosus Disease Activity index
(SLEDAI), Systemic Lupus International Collaborative
Clinics/American College of Rheumatology (SLICC/
ACR) damage index, number of lupus flares, and le -
vels of antibodies (ANA Hep2, anti-dsDNA, ENAs), LA
and aCL were collected. A flare was defined according
to the international consensus as a measurable increase
in disease activity in one or more organ systems in-
volving new or worsening of clinical signs and sym -
ptoms and/or laboratory measurements19. Generically,
the clinical manifestations of SLE can be classified into
three levels: mild, moderate and severe. Mild manifes-
tations: those that even affecting the quality of life of pa-
tients, are not a threat to life and do not produce irre-
versible damage or relevant complications. Moderate
forms: this includes some inflammation of other parts
of the body apart from joints and skin. This may in-
clude pleurisy, pericarditis or mild kidney inflamma-
tion. Severe forms: major organ involvement, life-
threatening and chronic damage production potential
with significant organ dysfunction20.

Anti-phospholipid syndrome (APS) was defined ac-
cording to the international consensus statement of the
classification criteria for definitive APS21.

stAtIstIcAl AnAlysIs

A statistical analysis was performed using the SPSS sta-
tistical package (version 15.0 for window SPSS, Chica-
go, IL, USA). Because the data were not normally distri -
buted, they are presented as medians and interquartile
ranges (IQRs), with categorical variables as frequencies
and percentages. Nonparametric tests (U-Mann–Whit-
ney) were used to compare quantitative data, and the
Chi square test or Fisher’s exact test was used to com-
pare proportions. A binary logistic regression analysis
was performed to test the association between the al-
leles and the studied variables. The odds ratio (OR) was
estimated to assess the strength of the association, and
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inheritance models were established using a likelihood
test ratio. A p<0.05 was considered statistically signifi -
cant (bold values).

results

This multicenter study included 156 SLE patients and
170 metabolically healthy controls belonging to the Ar-
gentinean population. The SLE patients and control
subjects were statistically comparable with regard to
sex and age (p>0.05). The demographic, clinical and
biochemical features of the SLE patients included in
the study are given in Table I. We analyzed the fre-
quency of the Q222R (+2373A�G) SNP in all the study
participants, and the genotypes of the controls and pa-
tients were concordant with Hardy-Weinberg equili -
brium (p>0.05). Table II shows the distribution of the
DNase I Q222R SNP genotype and its allele frequen-
cies in the SLE group and healthy controls. No signifi-
cant genetic associations were found between DNase I
polymorphism and the risk of SLE.

We investigated the influence of the Q222R poly-
morphism on different clinical and biochemical fea-
tures among SLE patients; according to statistical tests,
the inheritance model was dominant to the presence of
the A allele. As shown in Table III, there was a statisti-
cally significant association between the presence of
the A allele and the development of nephropathy
[p=0.019, OR=2.196, 95 % CI (1.135-4.247)]. Fur-
thermore, the presence of the A allele correlated with
a worse disease course [moderate disease course:
p=0.006, OR=3.250, 95% CI (1.401-7.539)]; severe
disease course: p=0.040, OR=2.339, 95% CI (1.040-

-5.260)] (Table III). A trend towards a higher ACR cri-
teria was also found in the presence of the A allele
(Table III); however, a logistic regression analysis
showed no statistically significant differences. We did
not observe any other significant influence of the
Q222R SNP for the remaining clinical and biochemi-
cal features recorded, including variables that are
known to be associated with an increased risk of ma-
jor organ involvement, such as age of onset of the disea -
se and disease duration.

dIscussIon

SLE is a systemic autoimmune disease with a strong ge-
netic predisposition. However, single gene defects re-
lated to lupus-like phenotypes have infrequently been
reported (approximately 1%), with the majority of the
identified genetic SLE risk factor common variants
showing a modest degree of risk4. In the present mul-
ticenter study, we analyzed the possible role of the
Q222R SNP in the DNase I gene with susceptibility to
SLE and its potential impact on SLE clinical manifes-
tations.

Although our data suggest that the Q222R poly-
morphism is not associated with SLE susceptibility, the
presence of the A allele of the Q222R SNP in DNase I
was found to confer a potential risk for the develop-
ment of nephropathy and a worse disease course. In
fact, we found that A allele carriage increases the risk
of developing nephropathy by more than twofold and
the risk of having a worse disease course by more than
threefold.

Our results indicate that the Q222R SNP is common

SLE: Systemic Lupus Erythematosus; SNP: single-nucleotide polymorphism

tAble II. genotype dIstrIbutIon And Allele frequency of q222r snp In the dnAse I gene In sle And

control groups

SLE group Healthy controls
Q222R SNP n = 156 n = 170 p
Genotype distribution; n (%)

GG 66 (42.3) 83 (48.8) 0.248
AG 74 (47.4) 77 (45.3)
AA 16 (10.3) 10 (5.9)

Allele frequency
G Allele 0.66 0.72 0.293
A Allele 0.34 0.28
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among Argentines. The allele frequencies in the healthy
population were found to be similar to those reported
in the Spanish population by Bodaño et al12. However,
the association between the GG genotype of the Q222R
SNP and SLE susceptibility reported by these authors12

has not been found in Argentinean patients. A recent
study in South Indian SLE patients also reported an as-
sociation between the Q222R SNP and SLE suscepti-
bility13, with a higher frequency of a heterozygous geno-
type in SLE patients than in healthy subjects. In
contrast, and in accordance with our results, a study in
a Korean population did not find the Q222R SNP to be
a genetic risk factor for SLE14. This discrepancy be-
tween different studies could be related to environ-
mental factors, differences in genetic background of the
populations or the influence of sample size on the pow-
er of the study. Thus, further studies are needed to de-
termine the real role of Q222R SNP in SLE suscepti-
bility.

There are few works focusing on the clinical aspects
of SLE patients and the presence of Q222R SNP. Our
results suggest that the presence of the A allele of the
Q222R SNP confers a potential risk for development of
nephropathy and a worse disease course. However, we
did not find any significant association between the
Q222R SNP and the presence of anti-DNA autoanti-
bodies (data not shown), which play an important role
in initiating nephritis in SLE patients. An association of

the Q222R SNP with nephritis was also reported in
South Indian SLE patients13, with a higher frequency of
the heterozygous genotype found in those patients who
developed nephritis.

DNase I is required for chromatin breakdown du ring
apoptosis as well as necrosis. Loss of this enzyme acti -
vity may lead to the accumulation of chromatin
fragmen ts in glomeruli, a core factor that imposes pro-
gressive renal inflammation in SLE. Moreover, recent
evidence shows that neutrophil extracellular traps
(NETs), web-like structures of DNA decorated with hi-
stones and antimicrobial proteins22 that trap and kill a
wide variety of microbes, also participate in the patho-
genesis of a variety of inflammatory and autoimmune
diseases, including SLE. An imbalance between NET
formation and clearance in SLE patients may play an
important role in the perpetuation of autoimmunity
and the exacerbation of disease, as well as the in duction
of end-organ manifestation23. In fact, NETs were de-
tected in affected kidney and skin of SLE patients24. It
was also reported that a subset of SLE patients display
impaired DNase I-mediated NET degradation in their
serum25,26, mostly during flares; however, DNase I-me-
diated NET clearance can be partially restore during
remission. It has been proposed that inhibitory antibo -
dies against DNase I or anti-NET antibodies might pro-
tect NETs from DNase degradation. The defective NET
degradation in SLE tends to be correlated with higher

SLE: Systemic Lupus Erythematosus; ACR: American College of Rheumatology

tAble III. mAIn clInIcAl feAtures of the sle pAtIents wIth or wIthout the presence of the A Allele

of the q222r polymorphIsm In the dnAse I gene

A Allele
Clinical features Absent Present p
Disease course; n (%) 0.016

Mild 27 (41.3) 18 (20.5)
Moderate 17 (25.4) 37 (40.9)
Severe 22 (33.3) 35 (38.6)

Nephropathy; n (%) 0.019
Absent 40 (60.3) 37 (40.9)
Present 26 (39.7) 53 (59.1)

Age of onset; years, median (IQR) 26 (20.5-35.5) 27.5 (23-37) 0.185
Disease duration; years, median (IQR) 5 (3-11.5) 5 (2-10) 0.259
Number of ACR criteria; n (%)

4-5 35 (52.4) 35 (38.6) 0.179
6-7 22 (33.3) 34 (37.5)
>7 9 (14.3) 21 (23.9)



ÓRGÃO OFICIAL DA SOCIEDADE PORTUGUESA DE REUMATOLOGIA

143

CamiCia G et al

view: Lupus nephritis: pathologic features, epidemiology and a
guide to therapeutic decisions. Lupus 2010;19(5):557-574.

2. Rahman A, Isenberg DA. Systemic lupus erythematosus. N Engl
J Med 2008;358(9):929-939.

3. Tsao BP. The genetics of human systemic lupus erythematosus.
Trends Immunol 2003;24(11):595-602.

4. Costa-Reis P, Sullivan KE. Genetics and epigenetics of systemic
lupus erythematosus. Current rheumatology reports 2013;15
(9):369.

5. AS Jd, C A, P SG, S C. Systemic Lupus Erythematosus: Old and
New Susceptibility Genes versus Clinical Manifestations. Curr
Genomics 2014;15(1):52-65.

6. Kishi K, Yasuda T, Takeshita H. DNase I: structure, function,
and use in medicine and forensic science. Leg Med (Tokyo)
2001;3(2):69-83.

7. Chitrabamrung S, Rubin RL, Tan EM. Serum deoxyribonucle-
ase I and clinical activity in systemic lupus erythematosus.
Rheumatol Int 1981;1(2):55-60.

8. Napirei M, Karsunky H, Zevnik B, Stephan H, Mannherz HG,
Moroy T. Features of systemic lupus erythematosus in Dnase1-
-deficient mice. Nature genetics 2000;25(2):177-181.

9. Yasutomo K, Horiuchi T, Kagami S, Tsukamoto H, Hashimura
C, Urushihara M, et al. Mutation of DNASE1 in people with
systemic lupus erythematosus. Nature genetics 2001;28(4):313-
-314.

10. Yasuda T, Ueki M, Takeshita H, Fujihara J, Kimura-Kataoka K,
Iida R, et al. A biochemical and genetic study on all non-sy -
nonymous single nucleotide polymorphisms of the gene enco -
ding human deoxyribonuclease I potentially relevant to au-
toimmunity. The international journal of biochemistry & cell
biology 2010;42(7):1216-1225.

11. Yasuda T, Kishi K, Yanagawa Y, Yoshida A. Structure of the hu-
man deoxyribonuclease I (DNase I) gene: identification of the
nucleotide substitution that generates its classical genetic poly-
morphism. Annals of human genetics 1995;59(Pt 1):1-15.

12. Bodano A, Gonzalez A, Ferreiros-Vidal I, Balada E, Ordi J, Car-
reira P, et al. Association of a non-synonymous single-nucleotide
polymorphism of DNASEI with SLE susceptibility. Rheumatolo -
gy (Oxford) 2006;45(7):819-823.

13. Panneer D, Antony PT, Negi VS. Q222R polymorphism in
DNAse I gene is a risk factor for nephritis in South Indian SLE
patients. Lupus 2013;22(10):996-1000.

14. Shin HD, Park BL, Kim LH, Lee HS, Kim TY, Bae SC. Common
DNase I polymorphism associated with autoantibody produc-
tion among systemic lupus erythematosus patients. Human
molecular genetics 2004;13(20):2343-2350.

15. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF,
et al. The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis and rheumatism 1982;25(11):
1271-1277.

16. Catelli ML, Alvarez-Iglesias V, Gomez-Carballa A, Mosquera-
Miguel A, Romanini C, Borosky A, et al. The impact of modern
migrations on present-day multi-ethnic Argentina as recorded
on the mitochondrial DNA genome. BMC genetics 2011;12:77.

17. Corach D, Lao O, Bobillo C, van Der Gaag K, Zuniga S, Ver-
meulen M, et al. Inferring continental ancestry of argentineans
from Autosomal, Y-chromosomal and mitochondrial DNA. An-
nals of human genetics 2010;74(1):65-76.

18. Brandt JT, Triplett DA, Alving B, Scharrer I. Criteria for the di-
agnosis of lupus anticoagulants: an update. On behalf of the
Subcommittee on Lupus Anticoagulant/Antiphospholipid An-

levels of anti-NET and anti-dsDNA autoantibodies as
well as with lupus nephritis and lupus flares25,26. Yasu-
da et al. reported that the Q222R substitution (A→G)
in the DNase I gene is associated with the production
of an enzyme with reduced in vitro activity10. Thus, it is
tempting to speculate that being a carrier of the G al-
lele could lead to the synthesis of an enzyme with re-
duced enzymatic activity. In accordance with this hy-
pothesis, we expected a higher development of
nephropathy in patients harboring the G allele. How-
ever, unexpectedly, our results suggest that it is the
presence of the A allele in the Q222R SNP that confers
a potential risk for the development of nephropathy
and a worse disease course. Within this context, we
could hypothesize that in our cohort of patients, the
presence of the A allele leads to the synthesis of a DNase I
isoform that could dismantle NETs faster than the iso-
form produced when the A allele is absent, leading to
a direct exposure to NET components, such as pro-
teases and citrullinated histones. The higher exposure
to NET-derived proteases and citrullinated histones
could damage endothelial cells27 and constitute new
autoantigens for the immune system28,29, which in turn
could exacerbate renal damage, leading to a worse
disea se course. In fact, it has been reported that citrul-
linated histones are recognized in preference over non-
modified histones by antibodies from patients with
SLE30. However, further studies are needed to corrobo -
rate this hypothesis.

Finally, to our knowledge, this is the first study from
Argentina to deeply explore the association between
the Q222R SNP in DNase I gene and lupus suscepti-
bility and its clinical manifestations. A better under-
standing of the mechanisms involved in lupus will help
in developing new strategies to treat and restore quali -
ty of life in our patients.

contrIbutors 

GDL and SAM had full access to all the data in the study and take
responsibility for the integrity of the data and the accuracy of the
data analysis. GC and GDL made substantial contribution to the
conception and design of the study or data analysis. All authors
made contributions to data interpretation and drafting of the arti-
cle and its final approval.

correspondence to

Gabriela Fernanda de Larrañaga
Hospital de Infecciosas Dr. F. Muñiz, Uspallata 2272
Buenos Aires, Argentina
E-mail: hemostasia@gmail.com

references 

1. Ortega LM, Schultz DR, Lenz O, Pardo V, Contreras GN. Re-



ÓRGÃO OFICIAL DA SOCIEDADE PORTUGUESA DE REUMATOLOGIA

144

Q222R DNase i iN systemiC lupus eRythematosus

tibody of the Scientific and Standardisation Committee of the
ISTH. Thrombosis and haemostasis 1995;74(4):1185-1190.

19. Ruperto N, Hanrahan LM, Alarcon GS, Belmont HM, Brey RL,
Brunetta P, et al. International consensus for a definition of di -
sease flare in lupus. Lupus 2011;20(5):453-462.

20. Calvo-Alen J, Silva-Fernandez L, Ucar-Angulo E, Pego-Reigosa
JM, Olive A, Martinez-Fernandez C, et al. SER consensus state-
ment on the use of biologic therapy for systemic lupus erythe-
matosus. Reumatologia clinica 2013;9(5):281-296.

21. Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL,
Cervera R, et al. International consensus statement on an update
of the classification criteria for definite antiphospholipid syn-
drome (APS). Journal of thrombosis and haemostasis: JTH
2006;4(2):295-306.

22. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann
Y, Weiss DS, et al. Neutrophil extracellular traps kill bacteria.
Science 2004;303(5663):1532-1535.

23. Yu Y, Su K. Neutrophil Extracellular Traps and Systemic Lupus
Erythematosus. J Clin Cell Immunol 2013;4.

24. Villanueva E, Yalavarthi S, Berthier CC, Hodgin JB, Khandpur
R, Lin AM, et al. Netting neutrophils induce endothelial dama -
ge, infiltrate tissues, and expose immunostimulatory molecules
in systemic lupus erythematosus. J Immunol 2011;187(1):538-
-552.

25. Hakkim A, Furnrohr BG, Amann K, Laube B, Abed UA,
Brinkmann V, et al. Impairment of neutrophil extracellular trap
degradation is associated with lupus nephritis. Proc Natl Acad
Sci U S A 2010;107(21):9813-9818.

26. Leffler J, Martin M, Gullstrand B, Tyden H, Lood C, Truedsson
L, et al. Neutrophil extracellular traps that are not degraded in
systemic lupus erythematosus activate complement exacerbat-
ing the disease. J Immunol 2012;188(7):3522-3531.

27. Gupta AK, Joshi MB, Philippova M, Erne P, Hasler P, Hahn S, et
al. Activated endothelial cells induce neutrophil extracellular
traps and are susceptible to NETosis-mediated cell death. FEBS
letters 2010;584(14):3193-3197.

28. Darrah E, Andrade F. NETs: the missing link between cell death
and systemic autoimmune diseases? Frontiers in immunology
2012;3:428.

29. Liu CL, Tangsombatvisit S, Rosenberg JM, Mandelbaum G,
Gillespie EC, Gozani OP, et al. Specific post-translational histone
modifications of neutrophil extracellular traps as immunogens
and potential targets of lupus autoantibodies. Arthritis research
& therapy 2012;14(1):R25.

30. Dwivedi N, Radic M. Citrullination of autoantigens implicates
NETosis in the induction of autoimmunity. Annals of the
rheumatic diseases 2014;73(3):483-491.


