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In brief

Bharadwaj et al. investigate relationships
between Fc glycosylation profiles and
antibody-mediated rejection (AMR) in
kidney transplantation. They observe
elevated afucosylated anti-A2 antibodies
that are associated with cytotoxicity via
Fcylll-mediated mechanisms,
suggesting that afucosylated transplant-
specific antibodies may be a biomarker
and mechanism of AMR.
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SUMMARY

Antibody-mediated rejection (AMR) is the leading cause of graft failure. While donor-specific antibodies
(DSAs) are associated with a higher risk of AMR, not all patients with DSAs develop rejection, suggesting
that the characteristics of alloantibodies determining their pathogenicity remain undefined. Using human
leukocyte antigen (HLA)-A2-specific antibodies as a model, we apply systems serology tools to investigate
qualitative features of immunoglobulin G (IgG) alloantibodies including Fc-glycosylation patterns and FcyR-
binding properties. Levels of afucosylated anti-A2 antibodies are elevated in seropositive patients, especially
those with AMR, suggesting potential cytotoxicity via FcyRIlll-mediated mechanisms. Afucosylation of both
glycoengineered monoclonal and naturally glycovariant polyclonal serum IgG specific to HLA-A2 drives
potentiated binding to, slower dissociation from, and enhanced signaling through FcyRiIll, a receptor widely
expressed on innate effector cells, and greater cytotoxicity against HLA-A2* cells mediated by natural killer
(NK) cells. Collectively, these results suggest that afucosylated DSA may be a biomarker of AMR and

contribute to pathogenesis.

INTRODUCTION

Antibody-mediated rejection (AMR), encompassing allograft
rejection caused primarily by antibodies directed against
donor-specific human leukocyte antigen (HLA) molecules, is
the leading cause of solid organ transplant rejection and long-
term graft loss.' > AMR is characterized by histological manifes-
tations of endothelial cell injury, mononuclear cell infiltration,
and complement-dependent tissue damage. Additionally, the
presence of circulating donor-specific antibodies (DSAs) poses
challenges for transplant recipients by limiting access to avail-
able organs, prolonging wait time, and, in some cases,
excluding the candidates from a possible transplantation
altogether.®® Solid phase assays using purified HLA antigens
(Luminex single bead antigen assays) have significantly

Gheck for
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improved stratification and categorization of transplant candi-
dates because they can detect very low levels of DSAs due to
their high sensitivity. While this technique has been used to up-
date organ allocation and desensitization protocols, it has led to
minimal benefits to improvement in rejection treatment as the
presence and levels of DSAs are not a reliable predictor of
transplant outcome.®™"® While graft survival is clearly poorer
for individuals sensitized against donor organ antigens,'%'+""
several studies have shown that not all DSAs carry the same
risk of allograft rejection, as they have been associated with a
wide spectrum of effects ranging from a complete absence
of graft injury to the most severe form of AMR.'® Similarly,
appearance of de novo DSAs implies the risk of graft deteriora-
tion but provides little to no information on their actual patho-
genic activities.> 92
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Collectively, these observations point to the importance of fac-
tors other than the magnitude of the DSA response as important
drivers of pathology. Clinical practice is challenged by the lack
of strong relationships between antibody characteristics and pa-
tient outcomes. Given the profound disproportion between avail-
able organs and the number of patients waiting for a transplant,
the US Food and Drug Administration (FDA) recently identified
AMR and desensitization as two important areas in transplanta-
tion for which no drugs have been specifically approved.'->*%725
Techniques that better define DSA properties may be required
to first advance mechanistic understanding of AMR and to sec-
ondly improve transplant recipient outcomes.

To this end, the antibody effector functions, such as antibody-
dependent cellular cytotoxicity (ADCC), complement-dependent
cytotoxicity (CDC), phagocytosis, and induction of inflammatory
response mediators that may be responsible for AMR
are influenced not solely by titer but by affinity, antigen
availability and epitope, and antibody isotype, subclass, and
glycosylation.'>?%*" Among these traits, antibody Fc domain
glycosylation is perhaps the least frequently characterized,
despite relationships between the extent of fucosylation in modi-
fying natural killer (NK)-cell-mediated cytotoxicity, galactose in
modifying CDC, and sialylation having been associated with
immunomodulatory effects.®>" In other disease settings, sys-
tematic tools for surveillance of this spectrum of serum antibody
features and their associated effector functions have identified
reliable associations and begun to support robust predictions
of disease outcomes.**~*° While prior research on the role of an-
tibodies in transplant rejection was predominantly focused on
estimation and retrospective correlation of titer to better predict
transplant outcomes,'®"'"*~*8 recent studies have begun to
interrogate other important factors governing antibody function-
ality, such as subclass distribution, complement fixing ability,
and NK-cell-mediated cytotoxicity, '*?":?%4°=®" and the evolution
of these features with the progression of disease.'®°4¢2757

Here, we report on the development and application of assays
to characterize phenotypic and functional aspects of HLA-specific
antibodies. Among a group of individuals with antibodies against
HLA-A2, we observe altered Fc glycosylation profiles compared
with total serum immunoglobulin G (IgG)—most notably, enrich-
ment of afucosylated IgG1 antibodies, which are widely associ-
ated with potentiated ADCC.*>°®*"? For both glycoengineered
monoclonal and polyclonal human serum-derived HLA-A2-spe-
cific antibodies, binding to and signaling via FcyRllla, the receptor
expressed on NK and other innate immune cells and responsible
for mediating ADCC, were negatively associated with fucosyla-
tion. Collectively, this work establishes the potential importance
of DSA Fc glycosylation in influencing the ADCC activity of DSA
and, in turn, their ability to contribute to graft rejection.

RESULTS

HLA-specific antibody responses were investigated in a cohort
consisting of individuals with reported clinical HLA-A2 reactivity
(n = 32) as detected with a single bead antigen assay and con-
trols (n = 18) with no HLA-A2 reactivity. Among anti-A2-sensi-
tized patients, 28 had received an organ transplant, including
26 kidney transplants and 2 other organs, and 4 patients were
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on a transplant waiting list (Table S1). A2 sensitization was
related to previous or current transplantation in 13 patients,
pregnancy in six, blood transfusion in one, and left ventricular
assistance device in one, whereas the sensitizing event was un-
known in 4 patients. Thirteen out of the 28 (46%) patients with a
transplant (Table S1) and 7 out of the 13 (54 %) patients who were
DSA positive (A2 sensitization in a patient transplanted with an
HLA-A2 graft) (Table S2) were diagnosed with either acute or
chronic AMR. Among controls, nine patients had no detectable
anti-HLA antibodies, and nine had detectable antibodies against
non-HLA-A2 antigens. Seventeen controls had received an or-
gan transplant, and one was on a transplant waiting list.

IgG subclass distribution of HLA-specific antibodies

We first sought to characterize the subclasses of HLA-specific
IgGs in HLA-A2-sensitized and control subjects, using
research-grade single-antigen bead immunoassays. Briefly, sin-
gle antigens (intact HLA-A*02:01 or HLA-A*01:01 monomers)
were captured on microspheres, and antigen binding of sera
samples was measured by multiplex assay. In contrast to the
HIV-specific antibody VRCO1 (negative control), the HLA-A2-
specific monoclonal antibody BB7.2 (positive control), which
was evaluated in each human IgG subclass, showed specific
binding to HLA-A2 (Figure 1A) and appropriate staining by IgG
subclass detection reagents (Figure S1). In contrast to the nega-
tive control monoclonal antibody (mAb), both pooled human
serum Ig (IVIG) and serum from individual control subjects often
showed signal considerably above background. While this pro-
file may be consistent with the widespread prevalence of anti-
HLA antibodies among healthy individuals,”*"* and responses
among subjects clinically defined as HLA-A2 seropositive were
significantly elevated compared with controls, there was a
considerable overlap in distributions. Nonetheless, there was a
distinct difference observed in the subclass distribution between
the two groups, with the HLA-A2-seropositive group generally
exhibiting a wide range of total HLA-A2 antibodies compared
with the control samples, which tended to show lower levels (Fig-
ure 1A). The wide distribution of the HLA-A2-specific IgG signal
was consistent with reported values from clinical testing (Fig-
ure S2), with some samples exhibiting moderate to very low
HLA-A2 reactivity. HLA-A2-reactive antibodies predominantly
belonged to the IgG1 and IgG2 subclasses, but a few subjects
also exhibited elevated levels of IgG3 and IgG4; these individuals
typically had high levels of total HLA-A2-specific IgG.

A similar analysis of HLA-A1-specific antibody levels was per-
formed. The HLA-A2-seropositive group also showed elevated
levels of HLA-A1 antibodies compared with the control group
(Figure 1B), again, consistent with clinical single-antigen bead
assay results. Interestingly, HLA-A1-specific antibodies pre-
dominantly belonged to the IgG2 subclass, with some samples
exhibiting higher levels of IgG1, 1I9G3, and IgG4 subclasses.

Affinity enrichment yields HLA-A2-specific antibodies

A microscale purification method was successfully developed
and employed for the purification of a control murine HLA-A2-
specific mAb spiked into IVIG (Figure S3). Purified antibodies
showed elevated reactivity to HLA-A2 antigen, but not to HLA-
A1 or to a herpes simplex virus (HSV) antigen, which were
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Figure 1. Subclass distribution of HLA-specific antibodies
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Characterization of HLA-specific antibodies binding to HLA-A2 (A) and HLA-A1 (B) antigens across IgG subclasses in HLA-A2-positive (hollow black circles; n =
30-32) and control (hollow gray circles; n = 18) individuals. HLA-A2-specific BB7.2 (square) and HIV-specific VRCO1 (triangle) mAb subclass controls for HLA-A2
reactivity are shown for each subclass: IgG1 (light blue), IgG2 (orange), IgG3 (dark blue), and IgG4 (red). Buffer only blank (cross) and pooled IVIG (diamond) are
shown in brown and purple, respectively. Serum samples were tested at a 1:100 dilution. Data shown are representative of two technical replicates. Solid red lines
indicate group median. Differences between groups were evaluated using ordinary two-way ANOVA adjusted for multiple comparisons using Bonferroni’s test

(**p < 0.01, **p < 0.001, and ***p < 0.0001, respectively).

used as negative controls, confirming the purity of the anti-
bodies. Having vetted the purification process, HLA-A2-specific
antibodies were then purified from serum of HLA-A2-antibody-
seropositive patients. The purified antibody fractions showed
elevated reactivity to HLA-A2 but not to HSV. Despite generally
being thought not to possess shared epitopes, the HLA-A2-en-
riched fraction showed some cross-reactivity with HLA-A1 for
a few subjects who were generally strongly positive for both
HLA-A1 and HLA-A2 antibodies (based on clinical single-antigen
bead assay) (Figure S3).

HLA-A2-specific antibodies exhibit variable degree of
afucosylation

Having confirmed the largely selective enrichment of HLA-A2-
reactive antibodies, next we analyzed Fc glycosylation of both
HLA-A2-specific and total serum IgG among HLA-A2-seroposi-
tive individuals. Fc glycosylation analysis revealed differences
both on the level of individual glycoforms (Figures 2A-2C) and
overall glycosylation traits including levels of fucosylation, bisec-
tion, galactosylation, and sialyation (Figure 2D) between HLA-
A2-specific and total serum IgG1. Of note, while HLA-A2-
specific antibody Fc fucosylation of some individuals was
comparable to that of total IgG1, others exhibited fucosylation
levels reduced by 5%-15%, or even 30%, compared with their
total 1gG1 counterpart (Figure 2D). HLA-A2-specific 1gG2/3
was characterized by higher bisection, galactosylation, and sia-
lylation than total serum 1gG2/3, but no afucosylated IgG2/3 gly-
copeptides were detected (Figure 2D). Consistent with multiplex
assay data, antigen-specific IgG4 responses were generally too
low to be robustly characterized by liquid chromatography with
mass spectrometry (LC-MS). While I1gG2 and 1gG3 glycopep-
tides could not be distinguished by MS due to their identical mo-
lecular mass, the high levels of antigen-specific IgG2 and low
levels of IgG3 observed suggest that the antigen-specific
19G2/3 glycosylation signatures were dominated by IgG2.

Afucosylated HLA-A2-specific mAbs exhibit enhanced
FcyRllla signaling and ADCC activity

To study the FcyR signaling characteristics of HLA-A2-specific
antibodies, we produced afucosylated BB7.2 IgG1 and 1gG3
mADbs and assessed signaling driven by ligation of FcyRlll, a re-

ceptor typically expressed by NK cells, in a reporter cell line”® as
a surrogate for ADCC activity. IgG1 and IgG3 isotypes of BB7.2
were found to show FcyRillla ligation and signaling activity, while
neither the control IgG1 subclass nor the IgG2 and IgG4 sub-
classes of BB7.2 showed activity above baseline (Figure 3A).
As expected, afucosylated IgG1 and IgG3 demonstrated consid-
erably enhanced FcyRIll signaling activity compared with their
non-glycoengineered counterparts.

Lastly, we evaluated the cytotoxic activity of HLA-A2-specific
antibodies by measuring the antibody-dependent killing of HLA-
A2+ A375 cells, a human melanoma cell line, mediated by NK-
92, ahuman NK cell line. Similar to the FcyRllla signaling activity,
afucosylated IgG1 and IgG3 demonstrated higher ADCC activity
compared with their non-glycoengineered counterparts and a
negative control antibody across a range of antibody concentra-
tions (Figure 3B).

Enhanced FcyRIll signaling and ADCC activity are
associated with slow antibody dissociation

To address the mechanism of improved FcyRllla signaling and
ADCC activity, we next sought to characterize the interaction be-
tween HLA-A2-specific antibodies and FcyRllla using biolayer
interferometry (BLI) (Figures 3C and S4), a label-free technique
commonly used to study the affinity and kinetics of protein-pro-
tein interactions. Antibodies bound to HLA-A2 antigen were al-
lowed to bind (t = 0-120 s) and then dissociate (t = 120-240 s)
from FcyRllla V158. All mAbs exhibited the fast on rate typical
of FcyR and showed similar levels of FcyRllla-binding signal
(Figure 3D). In contrast, dissociation rates (Kp) varied by more
than an order of magnitude between fucosylated and afucosy-
lated mAbs (Figure 3D). We found that afucosylated 1gG1 and
IgG3 had slower dissociation rates (mean Kp = 0.021 s77)
compared with unmodified forms (mean Kp = 0.46 s~ 7). This dif-
ference in dissociation rate was specific for FcyRllla as fucosy-
lation did not influence FcyRI binding (Figure S4), as expected.®

Serum HLA-A2-specific antibody fucosylation
associates with FcyRIllla dissociation and ligation

Since afucosylated HLA-A2-specific mAbs had slower
dissociation from FcyRllla compared with their unmodified
counterparts, we next studied the dissociation profiles of
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Figure 2. Fc glycosylation of HLA-A2-specific antibodies

(A and B) Representative extracted ion chromatograms and mass spectra illustrating the observed variability between HLA-A2-specific (A) and total (B) IgG1 Fc

glycosylation patterns of the same patient.

(C) Volcano plot displaying the log10-fold change (x axis) and —log10 p value (y axis) of individual IgG1 (blue circle) and IgG2/3 (maroon square) glycoforms

between total and HLA-A2-specific IgG1 and IgG2/3, respectively.

(D) Violin plots showing the relative prevalence of glycans on bulk and HLA-A2-specific IgG1 (top) and 1gG2/3 (bottom), respectively.
Statistical analysis was performed using a paired two-tailed Student’s t test (**p < 0.01, **p < 0.001, and ***p < 0.0001, respectively).

polyclonal HLA-A2-specific antibodies in human serum and
found the FcyRllla dissociation rate to be positively associated
with fucosylation (Figure 4A). The variable off rates observed
among differentially fucosylated serum-derived HLA-A2-specific
antibodies suggested that FcyRllla ligation and signaling profiles
of these HLA-A2-specific antibodies might also vary. To test this
possibility, HLA-A2-seropositive subjects were split into tertiles
(high, medium, and low) based on their HLA-A2-specific anti-

4 Cell Reports Medicine 3, 100818, November 15, 2022

body fucosylation levels (Figure 4B). A multiplex assay was con-
ducted in which HLA-A2-specific antibodies were evaluated for
their ability to bind FcyRllla tetramers.”® Although there was no
significant difference in FcyRIlla binding between high, medium,
and low fucose tertiles, HLA-A2-specific antibodies in each of
these three categories had higher FcyRillla binding compared
with negative controls, as exemplified by the observed negative
correlations (Figure 4B). In line with observations on variably
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Figure 3. Impact of HLA-A2-specific mAb fucosylation on FcyRllla binding, signaling, and cytotoxic activity per subclass

(A) FcyRllla signaling in a reporter cell line assay with unmodified and afucosylated HLA-A2 mAbs of varying subclasses.

(B) Death (percentage of cytotoxicity) of HLA-A2+ target cells following coculture with NK cells in the presence or absence of antibodies of varying specificity,
subclass, and fucosylation status. Connecting lines indicate curve fit models. Error bars indicate mean and SD of duplicates. Dotted horizontal line represents

ADCC activity in the absence of antibody.

(C) Schematic figure of the BLI experiment to define FcyRllla off rates from HLA-A2-specific antibodies. lllustration created with http://BioRender.com.
(D) FcyRllla V158 association with and dissociation from unmodified and afucosylated HLA-A2 mAbs. Dissociation rate (Kp) values are shown in inset.

fucosylated mAbs, these results demonstrate that human
serum-derived HLA-A2-specific antibodies with low fucosylation
exhibit improved FcyRillla binding.

Serum HLA-A2-specific antibody fucosylation
associates with functional activity

To understand how antibody fucosylation level was related to
FcyRllla signaling, a limited correlation analysis was performed.
Both HLA-A2-specific antibody response magnitude and the
FcyRllla ligation activity determined by multiplex assay were
negatively associated with fucosylation (Figure 4C) and posi-
tively associated with FcyRllla signaling (Figure 4D). Despite
the low signaling activity observed across experimental repli-
cates in the reporter cell line assay (Figure S5A), measured
relationships between FcyRllla signaling were consistently
correlated with polyclonal HLA-A2-specific antibody response
magnitude and FcyRllla binding (Figure S5B).

HLA-A2-specific antibody afucosylation was correlated
with clinical AMR

To explore how HLA-A2-specific antibody characteristics relate
to transplantation outcomes, patient data were analyzed based
on AMR status. Subjects with AMR tended to have high HLA-
A2 antibody responses and low HLA-A2-specific IgG1 fucosyla-
tion, thereby showing high FcyRllla binding, high signaling
activity, and slower dissociation from FcyRllla (Figure 4). As a
more direct test, we analyzed HLA-A2-specific antibody features
between subjects with and without AMR. Whether or not anti-
HLA-A2 represented a DSA, individuals with AMR showed signif-
icantly lower levels of HLA-A2-specific IgG1 fucosylation
compared with the individuals who did not have clinically defined
AMR (Figure 5A). Receiver operating characteristic (ROC) curve
analysis performed in the anti-A2-sensitized cohort (Figure 5B) to
define the accuracy of AMR status classification based on IgG1
fucose prevalence achieved an area under the curve (AUC) of
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Figure 4. Associations of serum-derived
HLA-A2-specific antibody fucosylation with
FcyRllla binding and signaling

(A) Spearman’s correlation (Rs) between IgG1 fu-
cosylation and FcyRllla dissociation rate (n = 13).
(B) FcyRillla binding characterization in high (n = 8),
medium (n = 8), and low (n = 8) fucose samples and
negative controls (n = 18). Serum samples were
tested at a 1:500 serum dilution. Statistical analysis
was performed using ordinary one-way ANOVA
adjusted for multiple comparisons using Tukey’s
test. Solid lines indicate group median. Data shown
are representative of two technical replicates.

(C and D) Spearman’s correlations between IgG1
fucosylation (n = 24) (C) and FcyRllla signaling (n =
31) (D) with FcyRllla binding (left) and HLA-A2-
specific IgG levels (mean fluorescence intensity
[MFI])) (right). Patients with AMR (red), patients
without AMR (green), and patients with no AMR
information (black) are indicated in color.

In order to further examine the correla-
tion between afucosylation of DSAs and
clinical AMR outcomes, we analyzed sub-
jects who had anti-HLA-A2 as a DSA. Pa-
tients who developed AMR had ‘“low”
and “moderate” fucose content of HLA-
A2-specific DSAs, whereas patients who
did not develop AMR had “high” fucose
content of HLA-A2-specific DSAs (Fig-
ure 5C). Collectively, these data suggest
that the phenotypic variability among
anti-HLA-A2 antibody responses may
have an important influence on organ
transplant outcomes.

DISCUSSION

The last two decades have witnessed a
considerable increase in understanding
immunological processes related to organ
rejection, which has contributed to
reduction in the incidence of acute rejec-
tion and improvement in short-term graft
survival.”>”"" Despite the advances
in immunosuppression strategies, HLA
matching, and better management of
acute rejection, the prognosis for long-
term graft outcome remains one of the
biggest challenges in the field of organ
transplantation.” Given the well-estab-

0.78, indicating a good discrimination for individuals with lished importance of qualitative aspects of the antibody
different AMR outcomes, suggesting that a low level of response in other settings, consideration of antibody subclass,
HLA-A2-specific antibody fucosylation may be a marker of Fc glycosylation, and FcyR binding in the context of renal trans-
AMR in patients who have had a kidney transplant. Other plant outcomes will define the importance of these features in
features, including HLA-A2-specific antibody response magni- mediating functions that escalate the risk of organ rejection.”
tude, did not show such differences according to AMR status Discovery of robust relationships between features of DSAs
(Figures S5C-S5F). and transplant outcomes has the potential to drive revision of
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Figure 5. HLA-A2-specific IgG1 afucosylation is associated with AMR

(A) Violin plot showing relative prevalence of fucose on HLA-A2-specific IgG1 in individuals with AMR (n = 10) and without AMR (n = 9). A Mann-Whitney U test was

used to compare the two groups.

(B) Receiver operating characteristic (ROC) curve and area under the curve (AUC) depicting performance of AMR status classification across increasing IgG1

fucose prevalence thresholds.

(C) Number of subjects in which HLA-A2-specific IgG1 comprise a DSA plotted by fucose content as tertiles (low, medium, high) and AMR status. Statistical

significance defined by Fisher’s exact test.

clinical strategies of organ allocation as well as development of
novel interventions.

To date, relatively few studies have looked at DSA subclass
and Fc glycosylation in kidney transplant recipients. Challenges
in DSA purification from plasma/serum appear to have posed a
major hurdle to its glycosylation analysis, resulting in a focus
on characterization of total serum IgG glycosylation.®° % In this
study, we employed a microscale purification method to purify
HLA-A2-specific antibodies from patient sera and set out to eval-
uate IgG subclass and Fc glycosylation profiles thereof. Both of
these features regulate Fc-FcyR interactions, which in turn
potentially relate to pathogenicity and graft rejection.

Beyond the complexity of the many processes associated with
allograft injury and rejection, phenotypic changes in DSA over
time have also been observed,*® complicating the understand-
ing of the pathophysiology of rejection. What has become clear
is that DSA titers, subclass profiles, or C1q binding activity alone
are insufficient to accurately predict the course of AMR, and the
field remains in need of reliable prognostic biomarkers to guide
treatment, optimally allocate organs, and reduce the risk of
rejection in DSA-sensitized recipients.

Though not strongly associated with outcomes of organ rejec-
tion, IgG subclass is known to strongly modify the ability of anti-
bodies to drive complement deposition and recruit the innate
immune effector cells that mediate clearance of opsonized
particles.®>?7?9498% H| A-A2-specific responses in clinically
seropositive subjects were predominantly IgG1 and IgG2. High
levels of IgG1 antibodies suggest the possibility of elevated
Fc-mediated effector functions, such as phagocytosis, ADCC,
and complement deposition,® which might lead to severe graft
injury and transplant rejection. The prevalence of HLA-A1-spe-
cific IgG2 antibodies in this population suggests that the 1gG
subclass profile can vary from one HLA antigen to another
even within a given individual, highlighting the potential impor-
tance of integrating profiles across diverse specificities and
characterizing features of anti-HLA antibodies beyond titer.

Antibody effector functions are highly affected by the compo-
sition of the N-glycan present at the conserved N-glycosylation
site in the Fc region.>*"%7"84-86 Hitherto, it has been repeatedly

shown that disease-specific antibodies can exhibit skewed
glycosylation profiles, which in turn associate with disease prog-
nosis and outcome.®”~°° Historically, one of the key limitations of
glyco-profiling such antibodies is their low serum prevalence and
high sample requirement. In order to facilitate Fc glycosylation
analysis of low abundant HLA-A2-specific antibodies, an anti-
gen-specific antibody purification approach was developed for
reliable, sensitive, and specific capturing of HLA-A2-specific
antibodies from reactive sera. This platform was leveraged to
support analysis of HLA-A2-specific IgG Fc glycosylation pro-
files. Compared with the global serum IgG profiles, we observed
variable degree of HLA-A2-specific IgG1s afucosylation. Altered
fucosylation was observed across seropositive patients,
whether or not HLA-A2 specificity represented a DSA, a poten-
tially cross-reactive response to the graft, or may have been
derived from antigenic exposure(s) unrelated to transplant. Defi-
nition as to whether cross-reactive antibodies or antibodies that
are specific to distinct donor organ antigens exhibit similar gly-
coprofiles remains to be determined but has been observed in
other disease contexts.®®®° This feature was associated with
improved FcyRllla binding as afucosylation has been described
to lead to elevated FcyRIll binding.®®%%#%8% Additionally,
studies have shown that individuals with AMR exhibit higher
expression of FCGR3A in NK cells and CD16a-inducible NK
cell-selective transcripts compared with individuals without
AMR,58:59:61.94 gyggesting that the combination of enriched afu-
cosylated antibodies and elevated FcyRllla expression could
synergize, leading ADCC to be a key mechanism in graft injury.
Hence, we hypothesized that low HLA-A2-specific IgG1 fucosy-
lation could cause elevated DSA cytotoxicity via enhanced
ADCC. Indeed, when tested in the context of a subclass-
switched recombinant antibody specific for HLA-A2, both sub-
class and fucosylation had a strong impact on FcyRllla affinity
and signaling. Specifically, afucosylated mAbs had slower disso-
ciation from the receptor, which could provide sufficient time for
the receptors to cross-link and activate downstream signaling
pathways and modulate ADCC. This relationship was also
observed among polyclonal HLA-A2-specific antibodies purified
from patient sera and suggests that afucosylated antibodies to
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HLA-A2 can exhibit elevated ADCC activity, as shown in other
disease settings,***>9°°" and raises the possibility that DSA
glycosylation may provide prognostic value in predicting risk of
AMR. Indeed, individuals who had AMR exhibited low levels of
HLA-A2-specific IgG1 fucosylation compared with the individ-
uals who did not have AMR, suggesting that low HLA-A2 1gG1
fucosylation may be a marker of AMR risk in patients who have
had a kidney transplant. Despite the small cohort size, among in-
dividuals in whom HLA-A2 represented a DSA, low HLA-A2-spe-
cific IgG1 antibody fucosylation was associated with AMR.

While this work suggests the potential role of IgG Fc fucosyla-
tion and its influence on DSA pathogenicity, it is likely that more
systematic serology data, considering antibody response
magnitude, subclass, glycans, epitope specificity, antigen spec-
ificity, and affinity, linked to clinical metadata and insights into
host- and graft-specific genetic and phenotypic factors will be
needed for comprehensive understanding. Understanding the
effect of IgG Fc glycosylation on other antibody effector func-
tions such as complement activation is also of utmost interest,
as complement activation has shown to play a major role in
AMR,*%°? and recent studies have highlighted the importance
of Fc galactosylation in enhancing classical complement
activation.>>°® The experimental tools explored here will need
to be broadened to cover the diversity of DSA specificities
that contribute to clinical outcomes. Similarly, analytical
approaches® %" that integrate across features of the humoral
response and that can robustly address correlations among fea-
tures, such as those observed here between response magni-
tude and afucosylation, may contribute to the discovery of
mechanisms underlying graft injury and AMR. To this end, the
subclass-switched and glycoengineered mAbs described herein
may support dissection of the mechanistic role of these features
in AMR studies in animal models.

Overall, despite considerable clinical heterogeneity of the
study population, HLA-A2-specific IgG fucosylation was associ-
ated with FcyRllla binding and function. Different HLA reactiv-
ities showed distinct subclass profiles, and the dominant IgG1
fraction of HLA-A2-specific IgG showed reduced fucosylation
compared with total serum IgG1. Along with antibody response
magnitude, reduced fucosylation was associated with elevated
binding to, and slower dissociation from, FcyRllla. Afucosylation
of HLA-A2-specific antibodies was also associated with potenti-
ated signaling and NK-cell-mediated cytotoxicity through
FcyRllla. HLA-A2-specific IgG1 Fc fucose content was associ-
ated with AMR status among the subset of subjects for whom
this specificity represented a DSA, as well as among those where
it did not, leaving open questions about the importance of this
antibody feature in mediating AMR. Further and prospective
studies will be needed to confirm the role of afucosylation in
the pathophysiology of AMR, and continued customization and
broader deployment of these and other systems serology ap-
proaches have the potential to shed light on the clinical impact
of qualitative antibody features and activities on graft damage.

Limitations of the study

Limitations of this study include its focus on single antigen spec-
ificity and antibody function, limited outcome data, and reliance
on a relatively small group of HLA-A2-seropositive subjects,
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sampled at a single time point long after transplant that was var-
iably timed with respect to DSA generation and AMR diagnosis.
The lack of a clear boundary between seropositive and seroneg-
ative subjects based on clinical testing suggests that positivity
determinations may be quite sensitive to different reagents,
tests, and thresholds, as well as to differences in antigen density
and loaded antigens between single-antigen beads and
research microspheres applied by different clinical groups. Anti-
body clonality, fine epitope specificity, and affinity for HLA-A2
were not assessed. Despite extensive condition testing, signals
in the reporter cell line assay were low for both mAbs and poly-
clonal sera samples and, despite their correlations with other ac-
tivities, were not always elevated compared with the control
sera. Similarly, while signals in the in-house multiplex assay
were correlated with clinical test results, agreement was less
good than what we have observed in other multiplexed assays,
and distributions overlapped with those observed among control
sera, perhaps in association with the rate of seropositivity in
healthy populations.”>”* While similar yields were observed to
result from affinity purification against HLA-A2 with each of two
different peptides in a pilot experiment, peptide occupancy
and identity may also impact results of the assays used. Anti-
body glycosylation can be somewhat dynamic'®>'%® but was
tested at a single time point. Lastly, while a direct association
has been made between afucosylation of DSAs and the occur-
rence of AMR, HLA-A2-specific antibodies were first detected
in most of the patients post-rejection, suggesting that afucosyla-
tion of DSAs may have occurred as a result of AMR. Future
studies will benefit from larger and longitudinal cohorts that
include samples collected pre-AMR and that are more homoge-
neous in relevant clinical characteristics and designs that are tar-
geted to address relationships with transplant outcomes.
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RNeasy kit Qiagen Cat# 74104
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Prism GraphPad https://www.graphpad.com/
Bruker Compass DataAnalysis Bruker Daltonics https://www.bruker.com
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LaCyTools LaCyTools (Jansen et al. 2016)'%° https://git.lumec.nl/cpm/lacytools
BioRender BioRender https://biorender.com
Microsoft Office Excel and PowerPoint Microsoft https://microsoft.com

Other
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polystyrene high bind microplate
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Octet® High Precision Streptavidin 2.0 Sartorius Cat# 18-5136

(SAX2) Biosensors
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Lead contact
Further information and requests for resources should be directed to and will be fulfilled by the lead contact, Margaret E. Ackerman
(margaret.e.ackerman@dartmouth.edu).

Materials availability
Unique reagents generated in this study are available from the lead contact upon request.

Data and code availability
® The Liquid chromatography - Mass spectrometry data generated for this study is available at https://doi.org/10.25345/
C5Q52FJ02 (Accession code: MSV000090430).
o Data reported in this study will be shared upon request from the lead contact.
@ This paper does not report original code.
® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS
Clinical sample collection and analysis were approved by the Ethics Review Board of the Hopital Erasme, Brussels, Belgium. Written

informed consent was obtained from study participants. Clinical and demographic characteristics were collected from the patient’s
electronic medical records (Transkid-RedCap) (Tables S1 and S2). Patients with detectable anti-HLA-A2 alloantibodies, whether or
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not these antibodies represented a DSA, were included in the study, a criterion based on development of assays for this specificity as
amodel and given its clinical prevalence. By necessity, this choice excluded recipients who were HLA-A2 antigen positive as well as
individuals who were seropositive for other specificities but not HLA-A2, resulting in the exclusion of many patients diagnosed with
DSA and experiencing AMR. The samples tested were those collected at the time that HLA-A2 seropositivity was first diagnosed.
However, variability between subjects in the time between the induction of a response and its diagnosis is expected given screening
required out-of-pocket costs to patients and was therefore optional. The median interval between transplant and DSA assessment
yielding a positive result for HLA-A2 was 3,657 days (interquartile range (IQR) 2,246-7,244 days). Patients without detectable anti-A2
antibodies were included as controls. Anti-HLA-A2 antibodies were detected using clinical Luminex® single antigen bead assay ac-
cording to the manufacturer’s instructions (Immucor® Lifecodes). Following incubation with serum, Mean Fluorescence Intensity
(MFI) of HLA antigen-coated beads was measured with a fluoroanalyser using xPonent software for data acquisition and Match It!
Software (Immucor® Lifecodes) for data analysis. Positivity thresholds were defined according to the manufacturer’s instructions.
For individuals with renal transplant, AMR was diagnosed based on clinical parameters (serum creatinine and proteinuria) and renal
transplant biopsy, when contributive. AMR histological characteristics were glomerulitis, peritubular capillaritis, microvascular
inflammation and C4d immunostaining positivity. The median interval between diagnosis of AMR and HLA-A2-specific response
detection (and test sample collection) was 1,483 days (IQR 1,286-2,228 days). Samples from patients with acute rejection were taken
>1 yr after treatment with plasma exchange, IVlg, and corticoids. Patients with chronic rejection received no anti-rejection treatment.

METHOD DETAILS

Cloning and expression of recombinant HLA-A2 mAbs
Variable domain gene sequences of the heavy and the light chain (Vy and V) of mouse HLA-A2 hybridoma cells (ATCC, USA) were
defined to support recombinant production of a panel of human subclass-switched chimeric antibodies. Briefly, mMRNA was isolated
from hybridoma cells using the RNeasy kit (Qiagen, Germany), and cDNA generated using the VRSO cDNA kit (ThermoFisher, USA).
This cDNA was then amplified using degenerate primers'?® to selectively amplify Vi and V, regions, which were sequenced and
cross-referenced and annotated using BLAST and IMGT-based tools. Verified Vi, and V| sequences were used to design gene blocks
(Twist Biosciences, USA) that contained murine Vy, V|, C, and Cy1 domains paired with human hinge and C2 and C3 Fc domains
for each IgG subtype (Table S3). These gene blocks were cloned by overlap extension into the pCMV expression plasmid.
Chimeric antibodies were transiently expressed via heavy and light chain plasmid co-transfection in HEK-expi293 cells, and pu-
rified using Protein A (IgG1, IgG2, and IgG4) or Protein G (IgG3) chromatography as previously reported.'%”'°® Afucosylated IgG1 and
IgG3 were produced by adding 0.15 mM of 2-fluorofucose (2FF) substrate in the growth medium, as described.'®®

IgG subclass and response magnitude measurements

A custom multiplex assay was performed as previously describe in order to define the total levels and subclass profiles of
HLA-A2-, HLA-A1- (NIH Tetramer Facility, HLA-A*02:01 complexed with either CLGGLLTMV peptide from Epstein Bar Virus mem-
brane protein or GLCTLVAML peptide from Epstein Bar Virus mRNA export factor ICP27, HLA-A*01:01 complexed with VTEHDTLLY
from cytomegalovirus pp50), and HSV-gD- (Immune Technology, USA) specific antibodies. Briefly, antigen-coupled microspheres
were diluted in Assay Buffer (PBS + 0.1% BSA + 0.05% Tween20), and mAb or serum, followed by washing and detection with
R-phycoerythrin (PE)-conjugated anti-Human IgG (Southern Biotech, USA), anti-mouse IgG (Biolegend, USA) or anti-human IgG1
(Southern Biotech, USA), IgG2 (Southern Biotech, USA), IgG3 (Southern Biotech, USA) and IgG4 (Southern Biotech, USA), respec-
tively. These detection reagents have been characterized recently for specificity and sensitivity across IgG allotypes.’'" Median fluo-
rescent intensities (MFI) were acquired on a FlexMap 3D (Luminex, USA).

109,110
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Affinity purification of HLA-A2 specific antibodies

HLA-A2-specific antibodies were purified from human sera using magnetic, antigen-conjugated beads (Figure S3, Table S4). Mag-
netic streptavidin coated beads (NEB, S1420S) were incubated with biotinylated HLA-A2. Briefly, 50 uL streptavidin beads were
washed with wash buffer (0.5 M NaCl, 20 mM Tris-HCI (pH 7.5), 1 mM EDTA) followed by incubation with 20 ng biotinylated HLA-
A2 for 2 hours at room temperature or overnight at 4°C. After washing five times, beads were blocked using 200 pL heat inactivated
FBS for 2 hours. For purification, 150 pL of beads were co-incubated with 50 pL of sera for 3 hours on a rotational mixer, followed by
three washes using PBS-TBN (PBS-1X, 0.1% BSA, 0.02% Tween 20, 0.05% sodium azide, pH 7.4). HLA-A2-specific antibodies were
eluted by resuspending beads in 50 uL of 1% formic acid (pH 2.9) and incubating on a rotational mixer for 10 min at room temperature.
Supernatant was withdrawn and 20 pL of 0.5 M sodium phosphate dibasic was added to each tube to neutralize the pH. The resulting
eluate was split into two parts and used for LC-MS-based IgG Fc glycosylation analysis as well as for enrichment confirmation anal-
ysis, as described above.

Affinity purification of total IgG antibodies

Total IgG was captured from plasma/serum using Protein G Sepharose Fast Flow 4 beads (GE Healthcare, Uppsala, Sweden) ac-
cording to established procedures.’'? Briefly, affinity beads were span down, stripped from their supernatants and resuspended
in 1x phosphate-buffered saline (PBS) in a 1:24 bead slurry-to-PBS ratio. Next, 50 uL suspended beads were pipetted into each
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well of a 96-well filter plate (Orochem Technologies, Naperville, IL). Following three washing steps with 1x PBS, 1 uL of each plasma
sample premixed in 20 uL 1x PBS were applied to the wells. Then, the plate was sealed and incubated at room temperature on a
horizontal shaker at 1000 rpm for an hour, after which samples were subjected to consecutive washing steps by 1x PBS and water
(thrice each). Consecutively, 100 pL of 100 mM formic acid (Sigma-Aldrich, Steinheim, Germany) solution was added into each well
and the plate was incubated for 5 minutes on a horizontal shaker at 1000 rpm, which was followed by centrifuge-aided elution (100 g
for 1 min) into a 96-well collection plate. Subsequently, purified total IgGs were dried by vacuum centrifugation and subjected to over-
night tryptic digestion at 37°C following their resuspension in 20 uL 50 mM ammonium bicarbonate and 20 puL sequencing grade
trypsin solution (25 ng per sample: Promega Corporation, WI, Madison). Following tryptic digestion, the purified total IgG glycopep-
tides were stored at —20°C until LC-MS analysis.

Preparation of HLA-A2-specific antibodies for LC-MS-based Fc glycosylation analysis

Affinity purified HLA-A2-specific IgG dried by vacuum centrifugation and subsequently redissolved in 20 water and 7 uL 1x PBS,
which resulted in a pH of 8. Next, samples were subjected to tryptic digestion overnight at 37°C using sequencing grade trypsin
(25 ng per sample). Then, tryptic HLA-A2 specific IgG glycopeptides were enriched and desalted by reversed-phase solid phase
extraction (Chromabond C18ec beads (Marcherey-Nagel, Diiren, Germany), similarly to a previous report.°® A 20 mg/mL supsension
was obtained in 50% acetonitrile (ACN; Biosolve, Valkenswaard, Netherlands), of which 250 uL was added to the wells of a 96-well
filter plate (Orochem Technologies Inc., Naperville, IL). The beads were activated by consecutive washing steps with 80% ACN 0.1%
trifluoroacetic acid (TFA; Merck, Darmstadt, Netherlands), 50% ACN 0.1% TFA and finally three times 0.1% TFA (200 uL each). Then,
samples were added to the filterplate in 0.1% TFA and shaken for 10 min at 500 rpm on a horizontal shaker, followed by three washing
steps by 0.1% TFA (100 pL each). The bound Fc glycopeptides were firstly eluted with 100 pL of 18% ACN 0.1% TFA, and secondly
with 100 uL of 50% ACN 0.1% TFA into separate 96-well V-bottom plates. Each elution step was preceded by 5 minutes incubation at
500 rpm on a horizontal shaker in the respective eluent. Subsequently, the desalted, matching HLA-A2-specific IgG glycopeptide
samples from the two elution plates were pooled, and then dried by vacuum centrifugation. The dried samples were resuspended
in 40 pL of 25 mM ammonium bicarbonate and stored at —20°C until LC-MS analysis.

LC-MS based Fc glycosylation analysis

Glycopeptides were separated with an Ultimate 3000 RSLCnano high-performance liquid chromatography system (Thermo Scien-
tific, Waltham, MA) equipped with an Acclaim PepMap 100 trap column (100 um x 20 mm, 5 um particle size; Thermo Scientific) and
an Acclaim PepMap RSLC C18 nano-column (75 um x 150 mm, 2 um particle size) analytical column. Five hundred nL of total IgG
and two hundred nL of HLA-A2-specific IgG was injected and separated with a gradient from 97% solvent A (0.1% formic acid in
water) and 3% solvent B (95% ACN) down to 27% solvent B, at a flowrate of 700 nL/min over 15 minutes. The LC-MS system
was hyphenated to a maXis HD quadrupole time-of-flight mass spectrometer (Bruker Daltonics, Billerica, MA) via an electrospray
ionization interface, which was equipped with a CaptiveSpray nanoBooster using ACN-enriched nitrogen gas (at 0.2 bar pressure
and a dry gas flow rate of 3 L/min). A frequency of 1 Hz was used for recording the spectra in the m/z range of 550-1800 in positive
ion polarity mode. The transfer time was set to 130 pus, the pre-pulse storage time to 10 pus, while the collision energy was set to
5 eV.""® This method allowed unambiguous identification of IgG Fc glycopeptides in a subclass specific manner based on accurate
mass (MS1) and specific migration positions in liquid chromatography.

LC-MS data processing

Data processing was performed according to established procedures.’’ Briefly, mzXML files were generated from raw LC-MS
spectra using MSConvertGUI (ProteoWizard, Palo Alto, CA) and an in-house developed software, LaCyTools'%° was used for chro-
matogram alignment, calibration, and targeted data extraction. The targeted glycopeptide extraction list included the 2+ and 3+
charge states and was generated by manual annotation of the mass spectra and based on literature.’'* A commercially available
polyclonal human IgG standard (isolated from normal human plasma; Athens Research & Technology, Athens, GA) and due to limited
sample amount, plasma of a single HLA-A2 positive individual were prepared and measured in triplicates to assess robustness of the
HLA-A2-specific method, resulting in an average intra-plate coefficient of variation (CV) of 3.7%. Overall method robustness for the
total IgG method was assessed by preparing and measuring triplicate plasma samples of six HLA-A2 positive individuals, resulting in
an average intra-plate CV of 1.4%. Plasma from seven HLA-A2 negative individuals were used as negative controls. All spectra below
the average intensity plus once the standard deviation of negative controls was excluded from further analysis. Inclusion of an analyte
for final data analysis was based on quality criteria including signal-to-noise (>9), isotopic pattern quality (<25% deviation from the
theoretical isotopic pattern), and mass error (within a 20 ppm range). Furthermore, only analytes present in at least 1 out of 4 HLA-
A2-specific IgG spectra (25%) were included for relative quantification.

FcYR binding assay

The FcyR binding profiles of polyclonal HLA-A2-specific antibodies were defined using the Fc Array assay described previously.’®
Briefly, HLA-A2 coated microspheres were generated as described above for the multiplex assay, serum antibodies were detected
with FcyRllla tetramers formed by mixing biotinylated FcyRllla V158'%* with a 1/4™ molar ratio of Streptavidin-RPE (Agilent Technol-
ogies, USA).
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FcyRllla signaling assay

As a surrogate for the ADCC potential of the serum-derived and recombinant HLA-A2 specific antibodies, FcyRllla signaling was
measured by using a Jurkat Lucia NFAT reporter cell line (InvivoGen, USA)”®>"'"® in which cross-linking of antigen-bound antibodies
and FcyRllla leads to the secretion of luciferase into the cell culture supernatant. Levels of Lucia luciferase secreted can then be
directly measured by bioluminescence. Briefly, a clear flat bottom, high binding 96 well plate (Corning, USA) was coated with either
1 pg/mL NeutrAvidin (ThermoFisher Scientific, USA) or 1 pg/mL biotinylated HLA-A2 antigen via incubation at 4°C overnight. The
plates were then washed with 1X phosphate-buffered Saline (PBS) plus 0.05% Tween 20 and blocked with 1x PBS plus 2.5% bovine
serum albumin (BSA) for 1 hour at room temperature. HLA-A2 antigen coated plates were directly used, whereas the plates coated
first with NeutrAvidin were washed and incubated with 2 ug/mL biotinylated HLA-A2 antigen for 1 hour at room temperature. After
washing, 200 pL of serum diluted 1:100 and 100,000 cells/well in growth medium lacking antibiotics were added and incubated
at 37°C for 24 hours. Alternatively, for HLA-A2 mAbs, the plates were first incubated with mAb for 3 hours at room temperature,
washed and then was incubated with cells. The following day, 25 uL of supernatant was drawn from each well and then transferred
to an opaque, white, clear bottom 96-well plate (Thomas Scientific, USA) to which 75 L of freshly prepared QuantiLuc (InvivoGen,
USA) was added. Luminescent was measured immediately on a SpectraMax Paradigm plate reader (Molecular Devices, USA) using
1 s of integration time for collecting light. The reported values are the means of three kinetic readings collected at 0, 2.5 and 5 minutes.
Treatment of reporter cells with cell stimulation cocktail (ThermoFisher Scientific, USA) was used as a positive control, and an a437-
specific mAb was used as a negative control. Baseline control wells contained assay medium instead of antibody sample.

Antibody dependent cellular cytotoxicity (ADCC) assay

ADCC activity of the HLA-A2 mAbs were assessed by a plate-based assay using an adaptation of a method described previously.''®
Briefly, A375 cells which expressed GFP, obtained by transducing A375 cells (ATCC®, USA) with Ppy RE9-GFP retroviral back-
bone'"” (50,000 cells/well) were added to the titrated HLA-A2 mAbs in a total of 100 pL of complete assay medium (RPMI-1640 media
(Corning, USA) supplemented with 10% heat-inactivated FBS (Biowest), 1 mM sodium pyruvate (Corning, USA), 1X MEM nonessen-
tial amino acids (Corning, USA) and 1X Penicillin Streptomycin (Corning, USA)), in a sterile, U-bottom 96 well suspension culture plate
(Greiner Bio-one). The plate was then incubated at 37°C at 5% CO, for 30 min. NK-92 human NK cells (NantKwest, formerly Con-
kwest) were used as effector cells for the assay. 50 pL of NK-92 cells were then added at an effector to target ratio (E:T) of 2:1. Cells
were co-cultured at 37°C at 5% CO, for 3 hours. After 3 hours, contents of the wells were transferred to a 96 well V-bottom plate (USA
Scientific, USA). The cells were washed with ice-cold 1X PBS following centrifugation at 400 g for 5 min at 4°C. After that, the cells
were stained with live/dead fixable violet (Invitrogen, USA) for 30 minutes in ice according to the manufacturer’s instructions, and then
were fixed with 4% Paraformaldehyde (Electron Microscopy Sciences, 15710) at 4°C in dark for 30 minutes, washed with PBSF (1X
PBS supplemented with 0.1% BSA), and resuspended in 100 uL of PBSF. Data were acquired on a Novocyte flow cytometer and
analyzed using Flowjo V10. The FSC-H and SSC-H parameters were used to gate the cells. The target population was gated as
the GFP* population based on SSC-H vs FITC-H biplot. The proportion of cell death was determined based on the percentage of
GFP+/Violet+ cells. Data were analyzed in GraphPad Prism.

FcyR affinity measurements

High Precision Streptavidin 2.0 (SAX2) biosensor tips (Sartorius) were used to determine the kinetics of HLA-A2-specific IgG binding
to human FcyRllla and FcyRI by biolayer interferometry (BLI) on an Octet (Forte Bio) instrument. Streptavidin (SA) biosensor tips were
first loaded with HLA-A2 antigen, followed by HLA-A2 antibody, and finally dipped into FcyR to study the antibody-receptor kinetics.
Biosensors were equilibrated with 0.05% Tween-PBS for 60 s, loaded with 0.25 png/mL biotinylated HLA-A2 antigen (in 0.05% Tween-
PBS) until they reached the threshold of 1 nm, and then dipped into 0.05% Tween-PBS to reach baseline for 60 s. After that, the bio-
sensors were loaded with 3 pg/mL of recombinant HLA-A2 IgG (in 0.05% Tween-PBS) for 600 s, dipped into 0.05% Tween-PBS to
reach baseline for 60 s, and then dipped into 5 M monomeric FcyRllla for 180 s or 292 nM FcyRI for 300 s for association. To improve
signal to noise, serum IgG was purified using Melon gel (Thermo) according to the manufacturer’s instructions. Polyclonal serum IgG
was loaded for 2,400 s. For FcyR dissociation rate (kg) determination, two SAX2 biosensor tips were used, one for the measurement
and one as a reference to subtract background signal changes due to dissociation of other components, such as dissociation of HLA-
A2-specific IgG from biotinylated HLA. Reference biosensors loaded with IgGs were dipped into buffer (0.05% Tween-PBS) instead
of receptors. Finally, the sensors were dipped into 0.05% Tween-PBS for 180 s and 300 s for the dissociation of FcyRllla and FcyRl,
respectively. Data analysis.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analysis was performed in GraphPad Prism version 9. Replicates and statistical tests used are reported in figure legends. A
nonlinear regression using a one phase exponential decay model was used to fit the dissociation curve and calculate off-rate.
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