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Key Ideas

• FcRn, a non-classical Fc gamma (γ) receptor (FcγR) with near ubiquitous

expression, plays key roles in disease pathogenesis and progression though

immunoglobulin G (IgG) transport, IgG recycling, and IgG-immune com-

plex clearance.

• FcRn function can be inhibited using IgG-based and non-IgG-based antago-

nists, by exploiting the pH-dependent binding affinity of FcRn for the IgG

Fc region.

• FcRn therapeutics have shown promise in murine models and human

clinical trials for autoimmune diseases and maternal-fetal immune

cytopenias; they appear safe, well-tolerated, and reduce circulating IgG

levels.

• Compared to traditional therapeutics, inhibiting FcRn has fewer adverse

side effects and represents a new approach that is less invasive, time-

consuming, and costly.
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1 | INTRODUCTION

Current methods to treat humoral auto- and
allo-immune diseases include suppressing antibody pro-
duction with corticosteroids and B-cell targeting drugs,
inducing “immunomodulation” by infusing intravenous
immunoglobulin, or physically decreasing antibody levels
using plasmapheresis or immunoadsorption. Although
reasonably effective, their benefits are offset by broad
immunosuppression, increased infection risk, cost, time
requirements, and/or invasiveness.1–3 Because the neona-
tal Fc receptor (FcRn) has recently become a therapeutic
target, this review discusses its mechanisms, ongoing
studies, and limitations.

1.1 | FcRn and its mechanism of action

FcRn, a non-classical Fc gamma (γ) receptor (FcγR) with
near-ubiquitous expression, is detected on multiple cell
types (e.g., epithelial cells), in secondary lymphoid organs
(e.g., spleen), and in the placenta..4,5 Functionally, FcRn
binds the Fc region of immunoglobulin G (IgG); its initial
discovery involved the transport of maternal IgG across
the placenta (Figure 1), and other roles in shaping
immune responses were subsequently identified.6 For
example, FcRn prolongs IgG circulatory half-life via res-
cue from lysosomal degradation in endothelial cells
(Figure 1), induces macrophage phagocytosis of IgG-
opsonized antigens, and initiates adaptive immune
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responses by retrieving and presenting immune com-
plexes in lymphoid structures.6 Although FcRn does not
bind other immunoglobulin isotypes, it does bind albu-
min, thereby protecting albumin from lysosomal catabo-
lism and prolonging its circulatory half-life.6

1.2 | FcRn in disease initiation and as a
therapeutic target

FcRn's role in disease pathogenesis results from its affin-
ity for IgG. In maternal-fetal immune cytopenias, FcRn

FIGURE 1 Inhibiting FcRn can prevent IgG transfer and recycling. FcRn binds the IgG fc region with high affinity at acidic pH

and with low affinity at physiological pH.6 After IgG internalization, endosomal FcRn binds IgG during acidification, preventing IgG

sorting into lysosomes and subsequent degradation.6 (A) Following IgG internalization at the maternal, apical surface of

syncytiotrophoblasts, endosomal acidification, and vesicular transport to the basolateral surface, membrane fusion occurs, and

maternal IgG is released into the fetal circulation.6 (B) Following IgG internalization and endosomal acidification in endothelial

cells, IgG is recycled into the circulation after vesicular fusion with the plasma membrane. Inhibiting FcRn function can be

achieved with IgG-based and nonIgG-based antagonists, which exploit the pH-dependence of the IgG Fc region binding to FcRn.17

For example, IgG monoclonal antibody antagonists strongly bind FcRn at acid pH and disrupt IgG-FcRn immune complexes.15 Of

note, it appears these antagonists may have minimal transfer across the placenta or limited recycling capabilities due to their high-

affinity FcRn binding at both intracellular and extracellular pH, which prevents release from FcRn.11 (C) In syncytiotrophoblasts,

FcRn antagonists displace bound circulating IgG, and newly liberated IgG is rapidly cleared.17 (D) A similar process prevents IgG

recycling in endothelial cells.17 Image created with BioRender.com
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transports maternal autoantibodies and alloantibodies
across the placenta to react with fetal antigens, such as
blood group antigens on circulating red blood cells in
hemolytic disease of the fetus and newborn.6,7 In
antibody-mediated autoimmunity (e.g., myasthenia
gravis [MG]), FcRn exacerbates disease by maintaining
pathogenic autoantibodies in circulation.6,7 FcRn also
supports tissue damage by targeting immune complexes
for destruction (e.g., platelet-bound autoantibodies in
immune thrombocytopenia [ITP]).6,7 Therefore, blocking
FcRn function by diminishing IgG circulatory half-life or
placental transport may prevent or ameliorate antibody-
mediated disorders. Indeed, one of the mechanisms of
action of intravenous immunoglobulin in certain autoim-
mune diseases (e.g., ITP) relies on the inhibition of FcRn
effects.8

1.2.1 | Maternal-fetal immune
cytopenias

Targeting FcRn successfully prevented placental trans-
port of pathogenic antibodies in murine models. For
example, fetal neonatal immune thrombocytopenia
(FNIT) was prevented in fetal FcRn-knockout mice; addi-
tionally, anti-FcRn monoclonal antibody treatment
prevented FNIT in pups of alloimmunized B3-deficient
mothers and FNIT-related miscarriage in immunized
GPIba-deficient mothers.9,10 These results were comple-
mented by ex vivo human placental perfusion studies
demonstrating that anti-FcRn monoclonal antibody
blocked transfer of an immunosuppressive biologic into
the fetal circuit.11

1.2.2 | Autoimmunity

Inhibiting FcRn successfully reduced IgG antibodies in
murine models, indicating a potential therapeutic benefit
in autoimmune diseases.12 For example, anti-FcRn
agents reduced circulating IgG and demonstrated
efficacy in mouse models of ITP, arthritis, and
encephalomyelitis13–15 Thus, blocking FcRn represents a
novel therapeutic approach for both autoimmune
cytopenias and other autoantibody-mediated diseases.

1.2.3 | Inhibiting IgG-FcRn interactions

Inhibiting FcRn function can be achieved with IgG-based
and non-IgG-based antagonists. Efgartigimod, an anti-
FcRn monoclonal IgG1 Fc fragment, strongly binds cell
surface FcRn at physiological pH, preventing interactions

with endogenous IgG; it also competes more efficiently
for FcRn binding in acidic endosomes, thereby directing
unbound endogenous IgG toward lysosomal degrada-
tion.7 In contrast, other agents (e.g., MOG-Seldeg) con-
tain IgG Fc-regions fused to pathogenically relevant
antigens (e.g., myelin oligodendrocyte glycoprotein
[MOG]).16 Pathogenic antibodies then bind MOG while
the Fc fragment binds FcRn, prompting degradation of
MOG-specific autoantibodies; this strategy decreases cir-
culating disease-relevant antibody levels while preventing
loss of beneficial IgGs.16 Finally, non-IgG-based antago-
nists include synthetic peptides (e.g., SYN1436) and small
molecules that bind to, or mimic, IgG Fc-regions, com-
peting for FcRn binding and preventing endogenous IgG
recycling or transport.17

Several ongoing clinical trials evaluating FcRn inhibi-
tors were recently reviewed in detail (see Table 1
for ClinicalTrials.gov identifiers).7 Rozanolixizumab, a
humanized IgG4 anti-FcRn monoclonal antibody, signifi-
cantly reduced pathogenic autoantibodies and improved
clinical outcomes in patients with MG and ITP.18,19 It is
now in Phase 3 trials for MG and ITP and in Phase 2 trials
for chronic inflammatory demyelinating polyneuropathy
(CIDP). Efgartigimod significantly reduced anti-
acetylcholine receptor autoantibodies and achieved asso-
ciated clinical improvement in patients with MG.20

Efgartigimod also demonstrated efficacy in refractory
ITP.21 It recently completed a Phase 3 trial for MG and is
now in Phase 3 trials for ITP and in Phase 2 trials for
CIDP, MG, pemphigus vulgaris or foliaceus, and ITP.
M281, a human monoclonal anti-FcRn antibody, is in
Phase 2 trials for autoimmune hemolytic anemia, hemo-
lytic disease of the fetus and newborn, and MG. Finally,
SYNT001, a humanized IgG4 FcRn-blocking monoclonal
antibody, is in Phase 2 trials for patients with warm auto-
immune hemolytic anemia and pemphigus vulgaris or
foliaceus.

1.2.4 | Adverse effects and unintentional
consequences

Although anti-FcRn clinical trials are promising, poten-
tial adverse effects exist. For example, FcRn inhibition
reduces both pathogenic and nonpathogenic IgGs;
although reductions are restricted to the IgG
isotype, there may be an infection risk from hyp-
ogammaglobulinemia.6,7 Additionally, anti-FcRn treat-
ment during pregnancy blocks placental transfer of
protective IgG maternal antibodies; because IgG is the
only isotype transported to the fetus, it is essential for
fetal and neonatal humoral immunity.6,10 Finally, anti-
FcRn biologics are potentially immunogenic; although
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immunogenicity was evaluated in initial trials, additional
studies are needed, especially for patients receiving multi-
ple dose protocols.7

2 | CONCLUSIONS

FcRn functions include IgG transport, IgG recycling, and
IgG-immune complex clearance. FcRn-targeted therapeu-
tics demonstrated promise in murine models and human
clinical trials for maternal-fetal immune cytopenias and

autoimmune diseases; they appear safe and well-toler-
ated, and are transient, reversible, and specifically reduce
circulating IgG levels. Together, FcRn-targeted therapeu-
tics may have fewer adverse effects than standard treat-
ments, presenting an alternative that is less invasive,
time-consuming, and costly. Overall, FcRn-targeted ther-
apeutics may be an important addition to the transfusion
medicine practitioner's therapeutic armamentarium.

ACKNOWLEDGMENTS
The authors would like to thank Dr. Steven L. Spitalnik
for fruitful discussions and critical review of this manu-
script. This work was supported, in part, by the National
Institutes of Health (NIH NHLBI 1R01HL133325).

CONFLICTS OF INTEREST
The authors have no relevant conflicts of interest to
disclose.

ORCID
Krystalyn E. Hudson https://orcid.org/0000-0001-5663-
9290

REFERENCES
1. Giacomelli R, Afeltra A, Alunno A, Baldini C, Bartoloni-

Bocci E, Berardicurti O, et al. International consensus: What
else can we do to improve diagnosis and therapeutic strategies
in patients affected by autoimmune rheumatic diseases (rheu-
matoid arthritis, spondyloarthritides, systemic sclerosis, sys-
temic lupus erythematosus, antiphospholipid syndrome and
Sjogren's syndrome)?: The unmet needs and the clinical grey
zone in autoimmune disease management. Autoimmun
Rev. 2017;16(9):911–24. https://doi.org/10.1016/j.autrev.2017.
07.012.

2. Zaja F, Battista ML, Pirrotta MT, Palmieri S, Montagna M,
Vianelli N, et al. Lower dose rituximab is active in adults
patients with idiopathic thrombocytopenic purpura.
Haematologica. 2008;93(6):930–3. https://doi.org/10.3324/
haematol.12206.

3. Randall KL. Rituximab in autoimmune diseases. Aust Prescr.
2016;39(4):131–4. https://doi.org/10.18773/austprescr.2016.053.

4. Latvala S, Jacobsen B, Otteneder MB, Herrmann A,
Kronenberg S. Distribution of FcRn across species and tissues.
J Histochem Cytochem. 2017;65(6):321–33. https://doi.org/10.
1369/0022155417705095.

5. Zhu X, Meng G, Dickinson BL, Li X, Mizoguchi E, Miao L,
et al. MHC class I-related neonatal fc receptor for IgG is func-
tionally expressed in monocytes, intestinal macrophages, and
dendritic cells. J Immunol. 2001;166(5):3266–76.

6. Pyzik M, Sand KMK, Hubbard JJ, Andersen JT, Sandlie I,
Blumberg RS. The neonatal fc receptor (FcRn): A misnomer?
Front Immunol. 2019;10:1540. https://doi.org/10.3389/fimmu.
2019.01540.

7. Peter H-H, Ochs HD, Cunningham-Rundles C, Vinh DC,
Kiessling P, Greve B, et al. Targeting FcRn for immuno-
modulation: Benefits, risks, and practical considerations.

TABLE 1 Summary of reported clinical trials for selected FcRn

inhibitors

Phase II Phase III

Rozanolixizumab • CIDP:
NCT04051944,
NCT03861481

• ITP:
NCT04596995,
NCT04224688,
NCT04200456

• MG:
NCT0465085,
NCT04124965,
NCT03971422

Efgartigimod • CIDP:
NCT04280718,
NCT04281472

• ITP:
NCT04188379

• MG:
NCT03770403

• Pemphigus
vulgaris or
foliaceus:
NCT04598451

• ITP:
NCT04225156,
NCT04687072

• MG (completed):
NCT03669588

M281 • Autoimmune
hemolytic
anemia:
NCT04119050

• Hemolytic
disease of the
fetus and
newborn:
NCT03842189,
NCT03755128

• MG:
NCT03772587

SYNT001 • Pemphigus
vulgaris or
foliaceus:
NCT03075904

• Warm
autoimmune
hemolytic
anemia:
NCT03075878

WYCKOFF AND HUDSON 1353

https://orcid.org/0000-0001-5663-9290
https://orcid.org/0000-0001-5663-9290
https://orcid.org/0000-0001-5663-9290
https://doi.org/10.1016/j.autrev.2017.07.012
https://doi.org/10.1016/j.autrev.2017.07.012
https://doi.org/10.3324/haematol.12206
https://doi.org/10.3324/haematol.12206
https://doi.org/10.18773/austprescr.2016.053
https://doi.org/10.1369/0022155417705095
https://doi.org/10.1369/0022155417705095
https://doi.org/10.3389/fimmu.2019.01540
https://doi.org/10.3389/fimmu.2019.01540


J Allergy Clin Immunol. 2020;146(3):479–91.e5. https://doi.
org/10.1016/j.jaci.2020.07.016.

8. Hansen RJ, Balthasar JP. Intravenous immunoglobulin medi-
ates an increase in anti-platelet antibody clearance via the
FcRn receptor. Thromb Haemost. 2002;88(6):898–9.

9. Chen P, Li C, Lang S, Zhu G, Reheman A, Spring CM, et al.
Animal model of fetal and neonatal immune thrombocytope-
nia: Role of neonatal Fc receptor in the pathogenesis and
therapy. Blood. 2010;116(18):3660–8. https://doi.org/10.1182/
blood-2010-05-284919.

10. Li C, Piran S, Chen P, Lang S, Zarpellon A, Jin JW, et al. The
maternal immune response to fetal platelet GPIbα causes fre-
quent miscarriage in mice that can be prevented by intrave-
nous IgG and anti-FcRn therapies. J Clin Invest. 2011;121(11):
4537–47. https://doi.org/10.1172/JCI57850.

11. Roy S, Nanovskaya T, Patrikeeva S, Cochran E, Parge V,
Guess J, et al. M281, an anti-FcRn antibody, inhibits IgG trans-
fer in a human ex vivo placental perfusion model.
Am J Obstetr Gynecol. 2019;220(5):498.e1–9. https://doi.org/
10.1016/j.ajog.2019.02.058.

12. Getman KE, Balthasar JP. Pharmacokinetic effects of 4C9, an
anti-FcRn antibody, in rats: Implications for the use of FcRn
inhibitors for the treatment of humoral autoimmune and
alloimmune conditions. J Pharm Sci. 2005;94(4):718–29.
https://doi.org/10.1002/jps.20297.

13. Smith B, Christodoulou L, Clargo A, Eddleston A,
Greenslade K, Lightwood D, et al. Generation of two high
affinity anti-mouse FcRn antibodies: Inhibition of IgG
recycling in wild type mice and effect in a mouse model of
immune thrombocytopenia. Int Immunopharmacol. 2019;66:
362–5. https://doi.org/10.1016/j.intimp.2018.11.040.

14. Patel DA, Puig-Canto A, Challa DK, Perez Montoyo H,
Ober RJ, Ward ES. Neonatal Fc receptor blockade by Fc
engineering ameliorates arthritis in a murine model.
J Immunol. 2011;187(2):1015–22. https://doi.org/10.4049/
jimmunol.1003780.

15. Challa DK, Bussmeyer U, Khan T, Montoyo HP, Bansal P,
Ober RJ, et al. Autoantibody depletion ameliorates disease in

murine experimental autoimmune encephalomyelitis. MAbs.
2013;5(5):655–9. https://doi.org/10.4161/mabs.25439.

16. Devanaboyina SC, Khare P, Challa DK, Ober RJ, Ward ES.
Engineered clearing agents for the selective depletion of
antigen-specific antibodies. Nat Commun. 2017;8(1):15314.
https://doi.org/10.1038/ncomms15314.

17. Sockolosky JT, Szoka FC. The neonatal Fc receptor, FcRn, as a
target for drug delivery and therapy. Adv Drug Deliv Rev. 2015;
91:109–24. https://doi.org/10.1016/j.addr.2015.02.005.

18. Bril V, Benatar M, Brock M, Greve B, Kiessling P, Woltering F,
et al. Proof-of-concept and safety of the anti-FcRn antibody
rozanolixizumab in patients with moderate-to-severe general-
ized myasthenia gravis (GMG): A phase 2a study (S43.001).
Neurology. 2019;92(15 Supplement):S43.001.

19. Robak T, Kaźmierczak M, Jarque I, Musteata V, Treli�nski J,
Cooper N, et al. Phase 2 multiple-dose study of an FcRn inhibi-
tor, rozanolixizumab, in patients with primary immune throm-
bocytopenia. Blood Adv. 2020;4(17):4136–46. https://doi.org/
10.1182/bloodadvances.2020002003.

20. Howard JF, Bril V, Burns TM, Mantegazza R, Bilinska M,
Szczudlik A, et al. Randomized phase 2 study of FcRn antagonist
efgartigimod in generalized myasthenia gravis. Neurology. 2019;92
(23):e2661–73. https://doi.org/10.1212/WNL.0000000000007600.

21. Newland AC, Sánchez-González B, Rejt}o L, Egyed M,
Romanyuk N, Godar M, et al. Phase 2 study of efgartigimod, a
novel FcRn antagonist, in adult patients with primary immune
thrombocytopenia. Am J Hematol. 2020;95(2):178–87. https://
doi.org/10.1002/ajh.25680.

How to cite this article: Wyckoff SL,
Hudson KE. Targeting the neonatal Fc receptor
(FcRn) to treat autoimmune diseases and
maternal-fetal immune cytopenias. Transfusion.
2021;61:1350–1354. https://doi.org/10.1111/trf.
16341

1354 WYCKOFF AND HUDSON

https://doi.org/10.1016/j.jaci.2020.07.016
https://doi.org/10.1016/j.jaci.2020.07.016
https://doi.org/10.1182/blood-2010-05-284919
https://doi.org/10.1182/blood-2010-05-284919
https://doi.org/10.1172/JCI57850
https://doi.org/10.1016/j.ajog.2019.02.058
https://doi.org/10.1016/j.ajog.2019.02.058
https://doi.org/10.1002/jps.20297
https://doi.org/10.1016/j.intimp.2018.11.040
https://doi.org/10.4049/jimmunol.1003780
https://doi.org/10.4049/jimmunol.1003780
https://doi.org/10.4161/mabs.25439
https://doi.org/10.1038/ncomms15314
https://doi.org/10.1016/j.addr.2015.02.005
https://doi.org/10.1182/bloodadvances.2020002003
https://doi.org/10.1182/bloodadvances.2020002003
https://doi.org/10.1212/WNL.0000000000007600
https://doi.org/10.1002/ajh.25680
https://doi.org/10.1002/ajh.25680
https://doi.org/10.1111/trf.16341
https://doi.org/10.1111/trf.16341

	Targeting the neonatal Fc receptor (FcRn) to treat autoimmune diseases and maternal-fetal immune cytopenias
	1  INTRODUCTION
	1.1  FcRn and its mechanism of action
	1.2  FcRn in disease initiation and as a therapeutic target
	1.2.1  Maternal-fetal immune cytopenias
	1.2.2  Autoimmunity
	1.2.3  Inhibiting IgG-FcRn interactions
	1.2.4  Adverse effects and unintentional consequences


	2  CONCLUSIONS
	ACKNOWLEDGMENTS
	  CONFLICTS OF INTEREST
	REFERENCES


