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Sugar and spice: Fc glycosylation in antibody-mediated

transplant rejection

Nicole M. Valenzuela'-*

1Department of Pathology and Laboratory Medicine, University of California, Los Angeles, CA, USA

*Correspondence: npyburn@mednet.ucla.edu

https://doi.org/10.1016/j.xcrm.2022.100809

Bharadwaj et al." demonstrate that anti-donor HLA antibodies display low levels of Fc fucosylation. This
signature was associated with potent provocation of NK cell effector functions and was discriminative for
active antibody-mediated rejection among patients with donor specific HLA antibodies.

Transplantation is a life-saving treatment
for patients with end-stage organ failure.
This year, the United Network for Organ
Sharing (UNOS) reported its one millionth
transplant, and currently, more than
350,000 people are living with an organ
allograft in the United States alone. How-
ever, organ transplant longevity does not
match recipient life expectancy, with me-
dian graft survival ranging from 5 to 15
years. Alloimmunity results from recogni-
tion of genetically mismatched proteins
in the donor as foreign by the recipient’s
adaptive immune system. The most
potent target of alloimmunity is the highly
polymorphic human leukocyte antigen
(HLA) system. Although transplant recipi-
ents are maintained on lifelong, systemic
anti-T cell immunosuppression, anti-
body-mediated graft damage remains
one of the most stubbornly important
challenges to long-term transplant suc-
cess. In particular, the presence of anti-
donor HLA antibodies (DSA) represents
a significant independent risk factor for
acute rejection, chronic occlusive vascul-
opathy, and graft loss across trans-
planted organ types.

Decades of research have demon-
strated that anti-HLA antibodies bind to
donor vascular cells, and activate the
classical complement system, induce
vascular inflammatory signaling, and pro-
mote infiltration of recipient immune cells
into the transplanted organ. Nevertheless,
the simple presence of DSA is not a binary
determinant of whether a patient will
experience rejection or graft failure.
Many groups have thus surmised that
additional characteristics of DSA influ-
ence its pathogenicity.” Features such
as immunoglobulin isotype and subclass,

titer/quantity, and Fc glycosylation are
important determinants of antibody
effector function. The four human immu-
noglobulin G (IgG) subclasses have
discrete affinities for different families of
Fc gamma receptors (FcyRs) borne by
innate immune cells such as NK cells,
monocytes and neutrophils.® 1gG sub-
classes also exhibit unequal potency in
activating the classical complement
cascade. Consequently, there is high in-
terest in the transplant field to understand
if the relative abundance of IgG sub-
classes among anti-donor HLA anti-
bodies is better correlated with risk of
rejection than presence of HLA donor
specific antibody alone.

Similarly, differential glycosylation of
the Fc region of IgG controls engagement
of FcyRs and the classical complement
initiator C1q. This variance dynamically
regulates an antibody’s capacity to acti-
vate effector functions like cell-mediated
cytotoxicity and leukocyte adherence.
For example, IgG glycovariants lacking
fucose residues elicit greater natural killer
(NK) cell antibody-dependent cytotox-
icity," while galactosylation augments
and sialylation inhibits complement acti-
vation.® The majority of serum IgG is fuco-
sylated, and investigators have not found
substantial fluctuations in overall abun-
dance of fucosylated IgG during inflam-
mation (comprehensively reviewed in
Seeling et al.° and Oosterhoff et al.”).
Nonetheless, fucosylation is reduced
among platelet and RhD-specific anti-
bodies causing fetal thrombocytopenia
and hemophilia,® suggesting that varia-
tion in this moiety may rather occur at
the level of antigen-specific immunoglob-
ulin (excellent recent review in Oosterhoff

et al.’). On the other hand, changes in
global IgG sialylation or galactosylation
are associated with autoimmune disease
activity.® Thus, in theory, alterations in
anti-HLA antibody subclass and glyco-
sylation may likewise represent one
factor explaining disparate outcomes in
transplant recipients with donor-specific
antibodies.

Recent efforts to characterize HLA anti-
bodies have used serological subtyping
approaches to describe the pattern of
antibody subclasses in transplant recipi-
ents and their associated risk, although
this technique has important limitations
(reviewed in Valenzuela and Schaub?).
Analysis of antibody glycosylation has
proven more complex. In 2019, Barba
et al. investigated the sialylation status
of donor specific antibodies using a lectin
purification approach but did not find that
high or low sialyl content of IgG was asso-
ciated with transplant outcome or func-
tional complement-dependent cell cyto-
toxicity.® A follow-up study used mass
spectrometry to profile anti-HLA antibody
subclass, and then focused on the glyco-
sylation of IgG3."° They determined that
high sialylation of 1gG3 de novo DSA
was protective from acute antibody-
mediated rejection (OR 0.7, p = 0.002),
while another glycan moiety, bisected
GIcNAc, was associated with increased
risk (OR 1.23, p = 0.014).

In the report in this issue,’ the
Ackerman lab applied sophisticated gly-
copeptidomics assays to simultaneously
analyze the subclass and glycosylation
status of anti-donor HLA antibodies puri-
fied from transplant recipient serum.
They then employed complementary
in vitro approaches to interrogate the
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functional interaction of differentially gly-
cosylated HLA antibodies with FcyRs.
Their findings show that anti-donor HLA
antibodies exhibit reduced fucosylation
compared with total IgG and that specific
IgG subclasses display unique patterns of
glycosylation. They go on to demonstrate
that antibodies lacking fucose moieties
trigger enhanced NK cell-mediated cyto-
toxicity, attributable to prolonged binding
to FcyRllla and greater FcyRllla-induced
intracellular signaling. Lastly, the authors
find that, among patients with donor-spe-
cific antibodies, the degree of fucosyla-
tion was lower in those experiencing
acute antibody-mediated rejection.

These proof-of-principle data provide
evidence that antibody subclass and
glycosylation coordinate effector func-
tions, at least in vitro, that are relevant to
transplant rejection. The data further sug-
gest that examining these dynamic char-
acteristics in a curated, longitudinal popu-
lation of clinical transplant recipients
may discriminate of “pathogenic” DSA
or have predictive value for rejection risk
stratification.

Many new questions arise from these
findings. Herein, the authors focused on
antibodies directed against one HLA anti-
gen (HLA-A2) based on its high allele fre-
quency in the donor population. Future
studies confirming these findings across
different HLA genotypes, particularly
those directed against the HLA-DQ mole-
cule, will be of high interest to the field.
Further, NK cells are one of several
FcyR-bearing leukocytes implicated in
transplant rejection. The importance of
subclass and glycosylation for interaction
with monocytes and neutrophils will be
an intriguing follow-up study. Similarly,
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complement activation is a critical patho-
genic phenomenon exacerbating inflam-
mation and tissue damage, which has
hitherto been defined in in vivo assays
measuring binding of C1q protein to HLA
antibodies. Drilling down on the molecular
features of HLA antibodies that more or
less potently engage these systems is an
exciting new avenue for the field of trans-
plantation, with strong functional rele-
vance to non-transplant contexts such
as autoimmune vasculitis.
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