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Abstract

Autoimmune cytopenias are a consequence of autoantibodies that target blood cell
lineages and mark them for their accelerated destruction, mostly through phagocytosis by
monocytes and macrophages and complement activation. Neutrophils, although equipped with
Fc and complement receptors and effector mechanisms that are critical in other autoimmune
conditions, remained long time overlooked. Recent reports however propose a new and possibly
critical role for neutrophils. In this review we gathered available evidences on the contribution
of neutrophils to the development, onset and consequences of autoantibody-dependent
cytopenias.
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Introduction

Autoimmune cytopenias are characterized by the immune-mediated destruction of
hematopoietic cell lineages. At the origin of this cellular removal are autoantibodies that target platelets
in autoimmune thrombocytopenia (ITP), erythrocytes in autoimmune hemolytic anemia (AIHA), and
neutrophils in autoimmune neutropenia (AIN). The autoantibodies are produced by self-reactive B
lymphocytes that receive support from T helper lymphocytes and escape tolerance. One can distinguish
primary or idiopathic disorders and secondary manifestations that are associated with an underlying
malignancy, systemic autoimmune disease, an infection or a specific drug. First line treatments of
autoimmune cytopenias involve mild immunosuppressants (such as corticosteroids), except in AIN
where the infectious risk is of major concern and patients receive granulocyte colony-stimulating factor
and antibiotics. The mechanisms by which blood cells are removed are thought to involve mostly
phagocytosis by monocytes and macrophages and complement activation'?. However, recent reports
propose a new and possibly critical role for neutrophils.

Neutrophils outnumber other immune cells in human blood and are notorious for their
involvement in host defense to which they contribute through a broad arsenal of antimicrobial activities®.
However, these same effector mechanisms also enable neutrophils to contribute to the initiation and
propagation of immune dysregulation. Several lines of evidence imply that neutrophils could contribute
to antibody-driven autoimmune disorder, including cytopenias. Indeed, neutrophils express receptors
for antibody Fc fragments (FcRs) and complement (CRs)* that enable rapid responses to the presence
of antibody-opsonized cells or particles that can trigger enhanced phagocytosis and an inflammatory
response through production of reactive oxygen species (ROS), and release of potent proteases,
cytokines, chemokines, and neutrophil extracellular traps (NETs)’. Moreover, specialized splenic
neutrophils can produce cytokines such as interleukin-21 (IL-21), B cell-activating factor (BAFF) and
a proliferation-inducing ligand (APRIL) that directly support B cell expansion and maturation into
antibody-secreting plasma cells>¢, which in turn sustain autoantibody production. Neutrophils therefore
are not only potent effector cells of antibody-driven pathologies, but may also facilitate disease onset
and tolerance rupture (Figure 1).

In this review we focus on our current understanding on the role of neutrophils in primary
autoimmune cytopenias.

Immune thrombocytopenia

ITP is a rare autoimmune coagulation disorder characterized by isolated low platelet counts (<
100/mL) with an incidence of 2,9 per 100.000/year’. ITP results in variable clinical manifestations
ranging from mild bleeding episodes to severe internal bleeding that can be life-threatening. Low platelet
counts in ITP are mostly the consequence of accelerated platelet removal caused by autoantibodies that
target glycoproteins on the platelet surface, mostly GPIIb/Illa and GPIb/IX. These antibodies make
platelets vulnerable to destruction through several mechanisms, including antibody-dependent and
complement-dependent phagocytosis, cellular cytotoxicity, and desialylation of the platelet surface® .
Platelet destruction occurs mostly in the spleen, where splenic macrophages appear to play a dual role,
mediating antibody-driven platelet destruction and maintaining anti-platelet immunity through
presentation of platelet-derived peptides.

Spontaneous ITP has been described in several animal species’'?, but models to study its
physiopathology have been predominantly developed in mice. These include passive models triggered
by the transfer of monoclonal antibodies or autoimmune serum targeting platelet glycoproteins'?, that



allow to investigate acute effector mechanisms; and active models that depend on the immunization of
knockout mice and subsequent transfer of splenocytes into severe combined immunodeficiency (SCID)
mice'*! thus enabling investigation of the autoantibody induction and the contribution of other
lymphocyte compartments. No existing model so far can adequately address the processes underlying
the break of tolerance.

The role of neutrophils in ITP is very incompletely understood, in spite of documented evidence
for their implication. It has been suggested that the neutrophil-to-lymphocyte ratio maybe inversely
correlated with platelet numbers in patients'® and elevated levels of NETs can be detected in the plasma
ITP patients, suggestive of a chronic neutrophil activation'”. However, it needs to be clarified, whether
these NETs play an active role in the disease pathology or if they are a consequence of an ongoing
immune reaction. Interestingly, it has been suggested that neutrophil activation and NETs may
contribute to the paradoxically increased risk of thrombosis in patients with ITP'” and other forms of
thrombocytopenia!®?!, while this is a tempting hypothesis, it remains debated'”?.

Neutrophils accumulate in the spleen of ITP patients*»**, where they represent the vast majority
of phagocytic cells. Given that the spleen is the major site of platelet destruction, it is surprising that the
contribution of splenic neutrophils in platelet destruction has never been formally addressed. Blood
neutrophils, are capable of platelet phagocytosis in thrombocytopenia patients®® and this is also
supported in animal models'"*. An early in vitro report even suggested neutrophil mediated ADCC as
a possible effector mechanims®’. Arguing against a dominant role for neutrophil in platelet removal, we
found in human FcyRI transgenic mice that neutrophil depletion prior to ITP induction only yielded an
insignificant increase in platelet counts®,

Moreover, B-cell helper neutrophils were described that directly support B cell class switching
and maturation into antibody-secreting plasma cells>® and could thus contribute to maintain an abnormal
B cell response in the spleen’. In mice it has been demonstrated that BAFF-producing splenic neutrophils
localize in close proximity to long-lived plasma cells after B cell depletion, suggesting a particular role
of neutrophils to promote the emergence of such long-lived plasma cells*. Whether this is also true in
human ITP remains to be investigated, but support for this idea originates from the observation that
augmented levels of the neutrophil attracting chemokine CCL-2 and of IL-6 were detectable in spleen
cultures of ITP patients. Additionally, BAFF could be detected after B cell depletion®.

Finally, and beyond this direct implication in disease pathology, neutrophils most certainly
contribute to ITP-associated bleeding episodes. A body of elegant work shows that neutrophil diapedesis

causes hemorrhage in the absence of vessel wall sealing platelets’!-.

Autoimmune hemolytic anemia

AIHA is a heterogenous group of diseases characterized by the destruction of red blood cells
(RBC) by the immune system 43 It is considered a rare disease with an estimated incidence of 2 per
100.000/year®. The current classification is based on the thermal range at which autoantibodies
agglutinate RBC, with “cold” AIHA being caused by immunoglobulin M (IgM) antibodies, and “warm”
AIHA by IgGs. Warm AIHA accounts for about 65% of cases, and cold AIHA for about 25%. A
minority of patients (5-10%) present a mixed form of the disease with features of both cold and warm
ATHA.

In wAIHA, which touches mostly adults above 40, IgG autoantibodies are directed against the
Rhesus system, and bind to RBC in the circulation. In humans, the main mechanism of RBC destruction
is thought to be phagocytosis by splenic macrophages, even if recent data challenge this paradigm (see
below).



Primary cAIHA is called Cold Agglutinin Disease (CAD) and is caused by an underlying
lymphoproliferation in the bone marrow. It happens mostly in adults except for a rare entity called
paroxysmal cold hemoglobinuria (PCH) which is linked to viral infections in young children®. In both
cases, the IgM autoantibodies are directed against a single RBC antigen (I/i for CAD, P for PCH) and
strongly activate complement. In CAD, hemolysis can be both intravascular by activation of the
membrane attack complex of the complement system, or extravascular with phagocytosis of RBCs by
Kupffer cells in the liver?’.

Severe complications of AIHA include infections (mostly due to splenectomy), thrombosis, and
acute kidney failure.

AIHA mechanisms were mostly investigated in mouse models with a focus on tolerance rupture
mechanisms (reviewed in*®) . However, it has been shown that while splenic macrophages were the main
effectors in senescent RBC clearance, neutrophils were involved in the clearance of antibody-opsonized
RBC *. The degree of neutrophil erythrophagocytosis was linked to the degree of opsonization and
regulated by CD47 expression by RBCs. This aligns with previous reports of neutrophils being able to
phagocyte RBC “*#! and a study that found signs of activated neutrophils to be more frequent in AIHA
than in congenital hemolytic anemia*.

Moreover, in the blood of dogs with spontanecous AIHA genes linked to neutrophil activation
were overexpressed®, and circulating NETs augmented**. Interestingly, data from New Zealand Black
mice, which also spontaneously develop AIHA at 25 weeks, showed a link between exposure to reactive
oxygen species and AIHA onset®. Altogether, this suggest that neutrophil activation could be linked to
both RBC alteration leading to tolerance rupture, and autoantibody-coated RBC phagocytosis.

Finally, an interesting paper suggested that activation of neutrophils by heme released by the
dying RBC could lead to the release of NETs. These NETs could in turn activate the coagulation
pathway and promote thrombosis***’, one of the most frequent complications of the disease.
Autoimmune neutropenia

AIN is characterized by the presence of autoantibodies against membrane epitopes of mature
neutrophils or their precursors in the bone marrow, mostly against polymorphic variants of FcyRIIIB
(CD16B), causing the peripheral destruction of mature neutrophils and/or the inhibition of myelopoiesis

in the bone marrow %!

. The decrease in the number of circulating neutrophils (<1,5 x 10°/L), can result
in a higher susceptibility to certain pathogens and unusual severe and/or frequent infections®.
Mechanisms that drive the development of neutropenia are antibody- and complement-mediated
opsonization and agglutination, which accelerate the phagocytic clearance of neutrophils mainly in the
spleen. The more immature the stage targeted by the autoantibodies, the more severe is the resulting
AIN®!, This also means that some patients may be asymptomatic if autoantibodies only target fully
mature neutrophils and an adequate number of young neutrophils can exit the bone marrow during
infections. The risk for infections also depends on the duration of neutropenia and does not correlate
with autoantibodies titers, which could point to an important contribution of the complement system to

AIN*,

Primary AIN arises mostly in early infancy and is extremely rare among adults. It presents with
a mild to moderate phenotype and resolves almost always spontaneously over time, within 24 to 36
months after onset®*,

The role of neutrophils in the physiopathology of primary AIN has not been thoroughly
investigated and the origin of autoantibodies remains unknown. Binding of autoantibodies to neutrophils



can lead to Fc receptor and complement activation and trigger aberrant neutrophil functions, including
adherence of neutrophils to other leukocytes, decreased phagocytosis capacity, and decreased
chemotaxis®>3-36, Cell surface-bound autoantibodies indeed resemble immune complexes that play a
central role in the pathogenesis of autoimmune inflammatory diseases as they can induce neutrophil
activation through Fc receptors, triggering ROS production, release of inflammatory mediators and
NETSs*°. In the case of AIN the presence of NETs is of particular importance as these are decorated
with cytoplasmic and granular proteins®, which could represent an abundant source of antigenic
material fueling the generation of new autoantibodies and further contribute to autoimmunity, as
recently described in lupus patients®'. However, this possibility remains to be investigated in primary
AIN.

Interestingly, the lack of neutrophils allowed to discover new functions of neutrophils in immunity.
Jaeger et al. found in a mouse model specifically lacking mature neutrophils that NK cells failed to
undergo terminal maturation and could confirm this finding in AIN patients that showed affected NK
cell maturation and responsiveness®.

Chronic depletion of neutrophils in murine models is technically challenging (reviewed in®),
but can be used to study AIN. In mice, injection of anti-Ly6G or anti-Gr1 antibodies may be used to
simulate the effector phase of AIN. In mice humanized for CD16B®*%¢, anti-CD16(B) antibodies could
be used to model the disease with more relevant epitopes for the human disease, but to our knowledge
this has not been done yet.

Conclusion

Collectively, these examples illustrate that while understudied the contribution of neutrophils to
the development, onset and consequences of autoantibody-dependent cytopenias is likely to be
important. The future will have to close this gap in order to obtain a more complete understanding of
disease mechanisms, paving the way to new neutrophil-targeted treatment strategies.

Acknowledgements

This work was supported by the Fonds de Dotations CSL Behring, the Institut National de la Recherche
Meédicale INSERM) and the Institut Pasteur. VK was supported by the Pasteur - Paris University (PPU)
International PhD Program. The Figure was created with BioRender.com.

1. Berentsen S, Barcellini W. Autoimmune Hemolytic Anemias. N Engl J Med.
2021;385(15):1407-1419.

2. McFarland J. Pathophysiology of platelet destruction in immune (idiopathic)
thrombocytopenic purpura. Blood Rev. 2002;16(1):1-2.

3. Kolaczkowska E, Kubes P. Neutrophil recruitment and function in health and inflammation.
Nat Rev Immunol. 2013;13(3):159-175.

4. Wang Y, Jonsson F. Expression, Role, and Regulation of Neutrophil Fcgamma Receptors.
Front Immunol. 2019;10:1958.

5. Puga I, Cols M, Barra CM, et al. B cell-helper neutrophils stimulate the diversification and
production of immunoglobulin in the marginal zone of the spleen. Nat Immunol. 2011;13(2):170-180.
6. Parsa R, Lund H, Georgoudaki AM, et al. BAFF-secreting neutrophils drive plasma cell
responses during emergency granulopoiesis. J Exp Med. 2016;213(8):1537-1553.

7. Moulis G, Palmaro A, Montastruc JL, Godeau B, Lapeyre-Mestre M, Sailler L. Epidemiology

of incident immune thrombocytopenia: a nationwide population-based study in France. Blood.
2014;124(22):3308-3315.



8. Audia S, Mahevas M, Nivet M, Ouandji S, Ciudad M, Bonnotte B. Immune
Thrombocytopenia: Recent Advances in Pathogenesis and Treatments. Hemasphere. 2021;5(6):e574.
9. Parrula CM, Mysore J, Burr H, Freebern W, Neef N. Severe Acquired Idiopathic
Thrombocytopenia in a Female Cynomolgus Macaque (Macaca fascicularis). Comp Med.
2015;65(3):271-276.

10. LaQuaglia KA, Robertson JB, Lunn KF. Neutropenia in dogs receiving vincristine for
treatment of presumptive immune-mediated thrombocytopenia. J Vet Intern Med. 2021;35(1):226-233.
11. Garon CL, Scott MA, Selting KA, Cohn LA. Idiopathic thrombocytopenic purpura in a cat. J
Am Anim Hosp Assoc. 1999;35(6):464-470.

12. Yasuda J, Okada K, Sato J, et al. Idiopathic thrombocytopenia in Japanese black cattle. J Vet
Med Sci. 2002;64(1):87-89.

13. Neschadim A, Branch DR. Mouse Models for Immune-Mediated Platelet Destruction or
Immune Thrombocytopenia (ITP). Curr Protoc Immunol. 2016;113:15 30 11-15 30 13.

14. Chow L, Aslam R, Speck ER, et al. A murine model of severe immune thrombocytopenia is
induced by antibody- and CD8+ T cell-mediated responses that are differentially sensitive to therapy.
Blood. 2010;115(6):1247-1253.

15. Li X, Wang SW, Feng Q, et al. Novel Murine Model of Immune Thrombocytopaenia through
Immunized CD41 Knockout Mice. Thromb Haemost. 2019;119(3):377-383.

16. Metreveli S, Kvachadze I, Kikodze N, Chikovani T, Janikashvili N. Peripherial Blood
Biomarkers in Patients with Refractory Immune Thrombocytopenia. Georgian Med News.
2020(302):45-49.

17. Garabet L, Henriksson CE, Lozano ML, et al. Markers of endothelial cell activation and
neutrophil extracellular traps are elevated in immune thrombocytopenia but are not enhanced by
thrombopoietin receptor agonists. Thromb Res. 2020;185:119-124.

18. Perdomo J, Leung HHL, Ahmadi Z, et al. Neutrophil activation and NETosis are the major
drivers of thrombosis in heparin-induced thrombocytopenia. Nat Commun. 2019;10(1):1322.

19. Leung HHL, Perdomo J, Ahmadi Z, Yan F, McKenzie SE, Chong BH. Inhibition of NADPH
oxidase blocks NETosis and reduces thrombosis in heparin-induced thrombocytopenia. Blood Adv.
2021;5(23):5439-5451.

20. Greinacher A, Selleng K, Palankar R, et al. Insights in ChAdOx1 nCoV-19 vaccine-induced
immune thrombotic thrombocytopenia. Blood. 2021;138(22):2256-2268.

21. Kashir J, Ambia AR, Shafqat A, Sajid MR, AlKattan K, Yaqinuddin A. Scientific premise for
the involvement of neutrophil extracellular traps (NETSs) in vaccine-induced thrombotic
thrombocytopenia (VITT). J Leukoc Biol. 2021.

22. Lozano ML, Garabet L, Fernandez-Perez MP, et al. Platelet activation and neutrophil
extracellular trap (NET) formation in immune thrombocytopenia: is there an association? Platelets.
2020;31(7):906-912.

23. Marti M, Feliu E, Campo E, et al. Comparative study of spleen pathology in drug abusers with
thrombocytopenia related to human immunodeficiency virus infection and in patients with idiopathic
thrombocytopenic purpura. A morphometric, immunohistochemical, and ultrastructural study. Am J
Clin Pathol. 1993;100(6):633-642.

24. Jakubovsky J, Zaviacic M, Schnorrer M, Geryk B. [The human spleen in idiopathic
thrombocytopenic purpura]. Bratisl Lek Listy. 1994;95(11):498-504.

25. Marshall GJ, Powars D, Ewing N, Kirchen M. Neutrophilic phagocytosis in autoimmune
thrombocytopenia purpura. Am J Pediatr Hematol Oncol. 1982;4(4):375-383.

26. Shebani OI, Jain NC. Mechanisms of platelet destruction in immune-mediated
thrombocytopenia: in vitro studies with canine platelets exposed to heterologous and isologous
antiplatelet antibodies. Res Vet Sci. 1989;47(3):288-293.

27. Gengozian N, Rice DT. Antibody-dependent cellular cytotoxicity with platelets as the target
cell: potential application to the study of immune thrombocytopenia. Clin Exp Immunol.
1982;47(2):431-436.

28. Mancardi DA, Albanesi M, Jonsson F, et al. The high-affinity human IgG receptor
FcgammaRI (CD64) promotes IgG-mediated inflammation, anaphylaxis, and antitumor
immunotherapy. Blood. 2013;121(9):1563-1573.



29. Thai LH, Le Gallou S, Robbins A, et al. BAFF and CD4(+) T cells are major survival factors
for long-lived splenic plasma cells in a B-cell-depletion context. Blood. 2018;131(14):1545-1555.
30. Mahevas M, Patin P, Huetz F, et al. B cell depletion in immune thrombocytopenia reveals
splenic long-lived plasma cells. J Clin Invest. 2013;123(1):432-442.

31. Hillgruber C, Poppelmann B, Weishaupt C, et al. Blocking neutrophil diapedesis prevents
hemorrhage during thrombocytopenia. J Exp Med. 2015;212(8):1255-1266.

32. Gros A, Syvannarath V, Lamrani L, et al. Single platelets seal neutrophil-induced vascular
breaches via GPVI during immune-complex-mediated inflammation in mice. Blood.
2015;126(8):1017-1026.

33. Braun LJ, Stegmeyer RI, Schafer K, et al. Platelets docking to VWF prevent leaks during
leukocyte extravasation by stimulating Tie-2. Blood. 2020;136(5):627-639.

34. Hill A, Hill QA. Autoimmune hemolytic anemia. Hematology Am Soc Hematol Educ
Program. 2018;2018(1):382-389.

35. Barcellini W, Zaninoni A, Giannotta JA, Fattizzo B. New Insights in Autoimmune Hemolytic
Anemia: From Pathogenesis to Therapy Stage 1. J Clin Med. 2020;9(12).

36. Shanbhag S, Spivak J. Paroxysmal cold hemoglobinuria. Hematol Oncol Clin North Am.
2015;29(3):473-478.

37. Berentsen S. New Insights in the Pathogenesis and Therapy of Cold Agglutinin-Mediated
Autoimmune Hemolytic Anemia. Front Immunol. 2020;11:590.

38. Howie HL, Hudson KE. Murine models of autoimmune hemolytic anemia. Curr Opin
Hematol. 2018;25(6):473-481.

39. Meinderts SM, Oldenborg PA, Beuger BM, et al. Human and murine splenic neutrophils are
potent phagocytes of IgG-opsonized red blood cells. Blood Adv. 2017;1(14):875-886.

40. Lian X, Guo M, Hao J. Erythrophagocytosis by Neutrophil and Monocyte in Autoimmune
Hemolytic Anemia After Infection. Indian J Hematol Blood Transfus. 2020;36(2):444-445.

41. Puigvi L, Baumann T, Fernandez S, Castro P, Pereira A, Merino A. Massive
erythrophagocytosis by peripheral monocytes and neutrophils in parvovirus-B19 autoimmune
hemolytic anemia. Ann Hematol. 2017;96(5):881-882.

42. Chang CS, Li CY, Liang YH, Cha SS. Clinical features and splenic pathologic changes in
patients with autoimmune hemolytic anemia and congenital hemolytic anemia. Mayo Clin Proc.
1993;68(8):757-762.

43, Borchert C, Herman A, Roth M, Brooks AC, Friedenberg SG. RNA sequencing of whole
blood in dogs with primary immune-mediated hemolytic anemia (IMHA) reveals novel insights into
disease pathogenesis. PLoS One. 2020;15(10):¢0240975.

44, Lawson C, Smith SA, O'Brien M, McMichael M. Neutrophil Extracellular Traps in Plasma
from Dogs with Immune-mediated Hemolytic Anemia. J Vet Intern Med. 2018;32(1):128-134.

45. Konno T, Otsuki N, Kurahashi T, et al. Reactive oxygen species exacerbate autoimmune
hemolytic anemia in New Zealand Black mice. Free Radic Biol Med. 2013;65:1378-1384.
46. Delvasto-Nunez L, Jongerius I, Zeerleder S. It takes two to thrombosis: Hemolysis and

complement. Blood Rev. 2021;50:100834.

47. Chen G, Zhang D, Fuchs TA, Manwani D, Wagner DD, Frenette PS. Heme-induced
neutrophil extracellular traps contribute to the pathogenesis of sickle cell disease. Blood.
2014;123(24):3818-3827.

48. Hsieh MM, Everhart JE, Byrd-Holt DD, Tisdale JF, Rodgers GP. Prevalence of neutropenia in
the U.S. population: age, sex, smoking status, and ethnic differences. Ann Intern Med.
2007;146(7):486-492.

49. Bux J, Hofmann C, Welte K. Serum G-CSF levels are not increased in patients with antibody-
induced neutropenia unless they are suffering from infectious diseases. Br J Haematol.
1999;105(3):616-617.

50. Nielsen KR, Bojsen SR, Masmas TN, et al. Association between human leukocyte antigens
(HLAs) and human neutrophil antigens (HNAs) and autoimmune neutropenia of infancy in Danish
patients. Pediatr Allergy Immunol. 2021;32(4):756-761.

51. Harmon DC, Weitzman SA, Stossel TP. The severity of immune neutropenia correlates with
the maturational specificity of antineutrophil antibodies. Br J Haematol. 1984;58(2):209-215.



52. Rustagi PK, Currie MS, Logue GL. Activation of human complement by immunoglobulin G
antigranulocyte antibody. J Clin Invest. 1982;70(6):1137-1147.

53. Bux J, Behrens G, Jaeger G, Welte K. Diagnosis and clinical course of autoimmune
neutropenia in infancy: analysis of 240 cases. Blood. 1998;91(1):181-186.
54. Farruggia P, Fioredda F, Puccio G, et al. Autoimmune neutropenia of infancy: Data from the

Italian neutropenia registry. Am J Hematol. 2015;90(12):E221-222.

55. Coxon A, Cullere X, Knight S, et al. Fc gamma RIII mediates neutrophil recruitment to
immune complexes. a mechanism for neutrophil accumulation in immune-mediated inflammation.
Immunity. 2001;14(6):693-704.

56. Henze G, Fengler R, Hartmann R, et al. Six-year experience with a comprehensive approach
to the treatment of recurrent childhood acute lymphoblastic leukemia (ALL-REZ BFM 85). A relapse
study of the BFM group. Blood. 1991;78(5):1166-1172.

57. Chu JY, Dransfield I, Rossi AG, Vermeren S. Non-canonical PI3K-Cdc42-Pak-Mek-Erk
Signaling Promotes Immune-Complex-Induced Apoptosis in Human Neutrophils. Cell Rep.
2016;17(2):374-386.

58. van der Steen L, Tuk CW, Bakema JE, et al. Immunoglobulin A: Fc(alpha)RI interactions
induce neutrophil migration through release of leukotriene B4. Gastroenterology. 2009;137(6):2018-
2029 ¢2011-2013.

59. Dwivedi N, Radic M. Citrullination of autoantigens implicates NETosis in the induction of
autoimmunity. Ann Rheum Dis. 2014;73(3):483-491.

60. Sollberger G, Tilley DO, Zychlinsky A. Neutrophil Extracellular Traps: The Biology of
Chromatin Externalization. Dev Cell. 2018;44(5):542-553.

61. 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(1):7934.

62. Jaeger BN, Donadieu J, Cognet C, et al. Neutrophil depletion impairs natural killer cell
maturation, function, and homeostasis. J Exp Med. 2012;209(3):565-580.

63. Stackowicz J, Jonsson F, Reber LL. Mouse Models and Tools for the in vivo Study of
Neutrophils. Front Immunol. 2019;10:3130.

64. Li M, Wirthmueller U, Ravetch JV. Reconstitution of human Fc gamma RIII cell type
specificity in transgenic mice. J Exp Med. 1996;183(3):1259-1263.

65. Tsuboi N, Asano K, Lauterbach M, Mayadas TN. Human neutrophil Fcgamma receptors
initiate and play specialized nonredundant roles in antibody-mediated inflammatory diseases.
Immunity. 2008;28(6):833-846.

66. Beutier H, Hechler B, Godon O, et al. Platelets expressing IgG receptor
FcgammaRIIA/CD32A determine the severity of experimental anaphylaxis. Sci Immunol. 2018;3(22).



Phagocytosis

e )

Platelets in ITP :
Neutrophils in AIN _ RBCs in AHIA
eutrop |5|h = )\Q o )

<O Ko
i ¥ Y Xa - / ’ﬁ
Ay oy / |
\( Autoantibodies Complement

N Activation
e raceotors Fc receptors

= P N

‘ Plasma cells j; t Immune complexes

“ Heme in AHIA?

B cell help
ST . o | .
class switching, Ab produg:'uono XA 5 NET formation
: °e T, o
L .0 ore ° {1‘, ..i:i';,.. " e
(] ., siei S8 "?-uvr.i
S A
°o o N2 . Immune-mediated
. a2 I Thrombosis T
Cytokine release s} iv ) ) Ll
BAFF, APRIL, IL-21 o/

B cells

Figure 1: Model of neutrophil contributions to antibody-driven cytopenias.
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