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Cytosolic antigens prime
RBC alloantibodies
Richard J. Benjamin | Georgetown University

In this issue of Blood, Jajosky et al1 utilize murine models of red blood cell
(RBC) alloimmunization to show that intracellular polymorphisms can facili-
tate alloantibody responses to unrelated surface antigens and may induce
responses in otherwise nonresponsive animals. Priming to cytosolic antigens
may contribute to the hyperresponsiveness to additional RBC surface allo-
antigens seen in some repeatedly transfused patients, despite the trans-
fusion of blood that is crossmatch compatible for all known alloantibodies.
1/2550/2068027/blood_bld-2022-019596-c-m
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RBC transfusion and pregnancy provide
the most common sources of exposure
to tissue alloantigens in clinical practice
and in nature, respectively. The poten-
tially fatal outcomes of RBC alloimmuni-
zation, including hemolytic transfusion
reactions and hemolytic disease of the
fetus and newborn (HDFN) (erythroblas-
tosis fetalis), are minimized but not
eliminated by the widespread adoption
of empirically derived approaches: RBC
compatibility testing and provision of
antigen-negative blood to prevent
hemolytic transfusion reactions; and the
use of leukoreduced blood products or
the passive administration of Rh immune
globulin to prevent alloimmunization.
Despite many scientific advances that
include the recognition of 43 poly-
morphic RBC surface antigen systems
containing 349 red cell antigens deter-
mined by 48 genes (many first identified
using clinical alloantibodies),2 there is a
poor understanding why most patients
never make RBC alloantibodies even if
frequently exposed to genetically
diverse RBC transfusions in chronic
transfusion protocols (eg, in sickle cell
anemia or thalassemia).3 Clinical science
is unable to predict who will respond
(responders) and who will not respond
(nonresponders) to a given or even to
any RBC alloantigen. Furthermore, we
do not fully understand why certain RBC
antigenic polymorphisms are more
immunogenic than others or why some
patients who make one alloantibody are
much more likely to make additional
alloantibodies to other RBC antigens
(hyperresponders),4 making sourcing of
compatible blood difficult and some-
times impossible.3 Transfusion recom-
mendations for chronically transfused
patients with sickle cell anemia recom-
mend providing RBCs compatible for a
limited set of ABO, Rh (C/c, D, and E/e),
and Kell antigens until a patient has
been shown to respond to any antigen
(ie, to emerge as a responder pheno-
type) before recommending the use of
extended phenotype (Jka/Jkb, Fya/Fyb,
M/N, and S/s) matching to prevent
additional alloimmunization.5 This
approach saves on resources and
expense, but exposes patients to a level
of risk. A better understanding of the
nonresponder phenotype may help
identify responders before they are
alloimunized, permitting the use of
extended phenotype matching to pre-
vent the first alloantibody.6 It may also
provide insights into the nature of
immune tolerance and even suggest
therapeutic approaches to revert
ER 21
responders into nonresponders after
alloimmunization.

It would be unethical to deliberately
expose volunteers to allogeneic RBCs for
the sole purpose of trying to induce
alloimmunization. To this end, Jajosky
et al use an elegant set of transgenic

provides an RBC cytoplasmic antigen,
whereas transgenes expressing chimeric
hen egg lysozyme (HEL), ovalbumin, and
human Duffy b (HOD); or human glyco-
phorin A (GPA) display antigenic epi-
topes on the RBC cell surface.7 The
authors have previously shown that Kell-
positive RBC transfusion in the presence
of inflammation not only enhances anti-
Kell antibody production but also
directly facilitates anti-HOD antibody
formation following subsequent expo-
sure to the disparate HOD antigen,
demonstrating that immune priming to
one surface RBC alloantigen can directly
enhance a humoral response to a
completely different surface RBC allo-
antigen.4 These data suggested that B
cells possess the capacity to process 2
distinct RBC cell surface antigens, with
T-cell help derived from one protein
facilitating antibody production to the
other. However, as HOD and Kell are on
the same RBC surface, and RBC alloan-
tigens can be linked in large macromo-
lecular complexes, it remained possible
that this simply represents the “linked
recognition” that forms that basis of
conjugate vaccine design. As a result,
whether a completely distinct antigen
not physically associated with the target
antigen can prime a recipient to an
unrelated surface alloantigen remained
unknown.

Jajosky et al demonstrate that prior
priming to an unlinked cytosolic protein,
GFP, can enhance alloimmunization to
completely unrelated surface alloantigens.
Initial experiments show that B cells from
IghelMD4 transgenic mice that produce
IgG specific for HEL preferentially inter-
nalize GFP from (GFP × HOD) RBCs that
express the HEL antigen on their RBC sur-
face, suggesting a trogocytosis process
(internalization of RBC contents, including
cytosolic proteins during antigen recogni-
tion) (see figure). In a subsequent key
experiment, they show thatmice primed to
the GFP protein preferentially produce
antibodies to HOD epitopes, only if
immunized with (GFP ×HOD) splenocytes,
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suggesting that T-cell help specific for
cytoplasmic GFP epitopes can augment
the response to the cell surface HOD anti-
gen. This finding flies in face of conven-
tional dogma that B cells present antigens
when a cognate B-cell receptor recognizes
a protein epitope on the same (or linked to
a) protein as its corresponding CD4 T-cell
epitope. Enhanced anti-HOD responses
were shown tonot bedue to augmentation
by anti-GFP antibodies or due to increased
numbers of antigen-specific B cells. More
important, these experiments were
repeated using RBC cell surface human
GPA as an antigen. Mice that were usually
nonresponders to GPA in the absence of
inflammation could be converted to
respond when primed with intracellular
GFPandpresentedwithGPA in thecontext
of (GPA×GFP) RBCs. Thesedata provide a
plausible explanation for the hyper-
responsiveness to RBCalloantigens seen in
some transfusion recipients. Intracellular
polymorphisms are not assessed in the
routine clinical crossmatch compatibility
process, and T cells primed to those anti-
gens may augment subsequent antibody
responses. It is not currently feasible to
provide RBCs that are compatible for
intracellular antigens.

Prior work in similar murine models has
shown that the responder status is under
the control of regulatory T cells8; that
tolerance can be induced to RBC allo-
antigens9,10; and that tolerogenic signals
can be converted to stimulatory signals
under defined circumstances.9,10 These
relatively simple murine models for
understanding immunity and tolerance
to tissue alloantigens are providing
powerful insights that ultimately may
find application in clinical organ trans-
plantation and the treatment of autoim-
munity, as well as in treating HDFN and
facilitating transfusion without the risk of
hemolysis.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ▪

REFERENCES
1. Jajosky RP, Patel SR, Wu S-C, et al. Prior

immunization against an intracellular antigen
enhances subsequent red blood cell
alloimmunization in mice. Blood. 2023;
141(21):2642-2653.

2. ISBT Working Party for Red Cell
Immunogenetics and Blood Group
Terminology. Red cell immunogenetics and
blood group terminology. Accessed 20
December 2022. https://www.isbtweb.org/
isbt-working-parties/rcibgt.html

3. Higgins JM, Sloan SR. Stochastic modeling of
human RBC alloimmunization: evidence for a
distinct population of immunologic
responders. Blood. 2008;112(6):2546-2553.

4. Patel SR, Bennett A, Girard-Pierce K, et al.
Recipient priming to one RBC alloantigen
directly enhances subsequent
alloimmunization in mice. Blood Adv. 2018;
2(2):105-115.

5. Chou ST, Alsawas M, Fasano RM, et al.
American Society of Hematology 2020
guidelines for sickle cell disease:
transfusion support. Blood Adv. 2020;4(2):
327-355.

6. Zimring JC, Welniak L, Semple JW, et al.
Current problems and future directions of
transfusion-induced alloimmunization:
summary of an NHLBI working group.
Transfusion. 2011;51(2):435-441.

7. Hod EA, Zimring JC, Spitalnik SL. Lessons
learned from mouse models of hemolytic
transfusion reactions. Curr Opin Hematol.
2008;15(6):601-605.

8. Bao W, Yu J, Heck S, Yazdanbakhsh K.
Regulatory T-cell status in red cell
alloimmunized responder and
nonresponder mice. Blood. 2009;113(22):
5624-5627.

9. Smith NH, Hod EA, Spitalnik SL, Zimring JC,
Hendrickson JE. Transfusion in the absence
of inflammation induces antigen-specific
tolerance to murine RBCs. Blood. 2012;
119(6):1566-1569.

10. Jash A, Usaneerungrueng C, Howie HL, et al.
Antibodies to low-copy number RBC
alloantigen convert a tolerogenic stimulus to
an immunogenic stimulus in mice. Front
Immunol. 2021;12:629608.
https://doi.org/10.1182/blood.2022019596

© 2023 by The American Society of Hematology
25 MAY 2023 | VOLUME 141, NUMBER 21 2551

http://refhub.elsevier.com/S0006-4971(23)00230-6/sref1
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref1
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref1
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref1
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref1
https://www.isbtweb.org/isbt-working-parties/rcibgt.html
https://www.isbtweb.org/isbt-working-parties/rcibgt.html
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref3
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref3
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref3
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref3
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref4
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref4
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref4
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref4
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref4
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref5
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref5
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref5
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref5
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref5
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref6
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref6
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref6
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref6
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref6
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref7
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref7
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref7
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref7
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref8
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref8
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref8
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref8
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref8
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref9
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref9
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref9
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref9
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref9
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref10
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref10
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref10
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref10
http://refhub.elsevier.com/S0006-4971(23)00230-6/sref10
https://doi.org/10.1182/blood.2022019596

	Cytosolic antigens prime RBC alloantibodies
	References


