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Abstract

Background: Although pediatric heart transplantation is a life-saving and effective therapy for
children with cardiac disease, barriers remain due to a lack of available organs as well as
transplant failure due to rejection. This dissertation aimed to increase knowledge related to
immune risk assessment in pediatric heart transplant patients. There are recognised differences in
immune responses across the age spectrum. Pediatric transplant patients require studies that
evaluate these differences as they may alter pre- and post-transplant care. Chapters 2 and 3
evaluated HLA and AT1R immune responses in pediatric heart transplant populations. Chapter 4
involved the creation of a novel assay for use in ABO-incompatible pediatric heart
transplantation for more accurate assessment of antibodies to ABO glycans specific to the heart;

this assay also has applications beyond this population.

Methods: Three studies comprise this thesis. For the project described in Chapter 2,
retrospective HLA antibody data were collected from pre- and post-VAD therapy patients. HLA
antibody testing was performed using solid phase antibody testing methodologies. Transfusion
data were also collected. Changes in HLA antibodies following VAD implantation were
examined and association to blood transfusion was evaluated. AT1R antibody levels were
measured in pediatric heart transplant patients and non-transplant controls (described in Chapter
3). A commercially available ELISA assay used in all recent literature in this field was employed
(Cell Trend GmbH). Non-specific, non-AT1R reactivity in this assay was explored using another
commercially available reagent, Adsorb Out™. Chapter 4 describes a methods development

project in which a novel ABO antibody assay was created and tested. This assay was developed



by optimising coupling of ABH subtype carbohydrate structures to Luminex beads. The beads
were tested using healthy control sera to demonstrate proof of concept. Detection of ABO
antibodies using this assay was compared to the antibody titre detected by standard red cell

agglutination.

Results: HLA antibodies in VAD therapy: While both pediatric and adult patients were at risk of
developing HLA antibodies following VAD therapy, adult patients demonstrated a statistically
significant increase in only class I PRA levels, whereas children did not; neither group showed a
significant increase in class II PRA. The proportion of adult vs pediatric patients who developed
new HLA antibodies was similar despite differences in overall PRA level. Transfusion was not
associated with the development of HLA antibodies. ATIR antibodies in pediatric heart
transplant patients: AT1R antibodies were detected in a high proportion of pediatric heart
transplant recipient and control samples, 55% and 56%, respectively. Positive samples were very
likely to be converted to a negative value following adsorption treatment. AT 1R antibody status
changes were not consistent from pre- to post-transplant for either non-adsorbed or adsorbed
patient samples. NeuSGc glycans were detected on the Adsorb Out™ microparticles, suggesting
this may be a source of non-specific reactivity removed in this procedure. ABO antibody
detection: A Luminex bead-based ABO antibody detection assay was developed, optimised, and
tested. It was shown to be reproducible between laboratories. Each ABO anti-A and anti-B titre
was shown to include a wide range of ABO IgG and IgM antibodies. Additionally, differences
between A and B glycan subtype-specific antibody patterns were observed that will be the

subject of future study.



Summary and Conclusions: The projects described in this dissertation generated new data that
will assist in immune risk assessment for pediatric heart transplant patients. While larger studies
are more easily conducted in adult transplant populations due to higher transplant volumes in
these cohorts, findings may vary across the age spectrum. In these projects, there are measurable
differences in HLA antibody development following VAD therapy as well as AT1R antibody
status between children and other published studies in adults. Test method interferences may also
vary between adults and children; this should be a consideration in the design (including
controls), development, and validation of laboratory assays such as the AT1R assay used in
Chapter 3. Differences in tissue and cell distribution of ABH glycans are, in part, a driver for the
necessity for new assays such as the Luminex ABO assay presented in this thesis. Pediatric heart
transplant patients will be better served by accurate determination of their immune risk status in
pre- and post-transplant phases to enable improved donor selection and more precise post-

transplant monitoring for rejection.
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Chapter 1:
Introduction

1.1 Background

Neonatal heart transplantation has been performed successfully for treatment of severe
congenital heart disease since 1984.(Bailey et al. 1993) Despite the success of transplantation for
congenital cardiac malformations and cardiomyopathies that would otherwise be lethal, far too
few donor organs are available, leading to high waitlist mortality.(Almond et al. 2009; Singh et
al. 2011) Infant heart transplant recipients have higher long-term survival than patients
transplanted at any later age and are relatively protected from the development of chronic
rejection in the form of graft coronary artery disease.(Almond et al. 2009; Aurora et al. 2010;
Singh et al. 2011) However, despite the use of immunosuppression, there is a still a high
frequency of rejection in these patients as reported in a large, multi-centre study by Ameduri et
al.; this group reported over 60% rejection episodes of any kind overall and 34% late rejection
episodes.(Ameduri et al. 2012) As compared to patients with no rejection, patients with rejection
have increased rates of mortality and moderate to severe coronary vasculopathy.(Ameduri et al.
2012; Dipchand 2018; Dipchand and Laks 2020) Approaches to predict late graft loss are being
evaluated (Almond et al. 2018) but knowledge gaps remain. The projects described in this
proposal address areas of immune risk assessment that have either not been explored and/or may

require a unique approach for this population.

The role of antibodies with specificities to human leukocyte antigens (HLA) in transplantation
risk assessment has been recognized for decades.(Patel and Terasaki 1969) Current assessment
of immunological risk is predominantly limited to detection and characterization of HLA

antibodies; when present before transplant, donor-specific HLA antibodies are associated with



post-transplant rejection and poor outcomes.(Mahle et al. 2011; Mangiola et al. 2017; Rossano et
al. 2010; Wright et al. 2007) While ventricular assist devices (VAD) and other forms of
mechanical circulatory support are increasingly used to bridge to transplant for patients with
heart failure,(Adachi et al. 2015; Intermacs n.d.; Steiner et al. 2017) VADs have also been
associated with a number of complications including stimulation of HLA antibody
production.(Alba et al. 2015; Askar et al. 2013; Elkind et al. 2020; Halpin et al. 2019;

McKenna David H et al. 2002; O’Connor et al. 2010)

Immune risk in pediatric heart transplantation is not limited to HLA antibodies. Additional risk
may be posed by the presence of autoantibodies. Specifically, autoantibodies to angiotensin II
type 1 receptor (AT1R) have been reported to be relevant to transplant outcomes in some patient
populations, (Carroll et al. 2016; Deltombe et al. 2017; Giral et al. 2012; Lefaucheur et al. 2019;
Philogene et al. 2017; Pinelli et al. 2017) although there are also conflicting reports regarding the
relevance of these antibodies.(Michielsen et al. 2016; Oaks et al. 2018; Pinelli et al. 2017) A
review article by Zhang et al summarises many ATIR studies in a useful table.(Zhang and Reed
2016); this list includes a list of related publications but none of these studies are in pediatric

heart transplant patients, leaving an unexplored question of risk.

Another area of immune risk assessment in the pediatric heart transplant population involves
ABO blood group antibody detection. The use of organs from ABO-incompatible (ABO1) donors
greatly expands the potential donor pool for young children.(Almond et al. 2009; Singh et al.
2011) As first reported by West et al in a cohort of 10 cases in 2001, there is a window of

immunologic opportunity in early life during which ABOi heart transplantation can be performed



safely due to lack of pre-formed ABO antibodies.(West et al. 2001) Consideration of ABOi
donors for heart transplantation in early childhood has subsequently become standard of care in
many centres globally.(Dipchand et al. 2010; Dipchand and Laks 2020; Henderson et al. 2012;
Urschel et al. 2013, 2020) If ABO antibodies are present, plasmapheresis can be used in ABOi
organ transplantation to remove or reduce ABO antibodies pre- and post-transplant.(Massie et al.
2020; de Weerd and Betjes 2018) However, despite many advances in transplantation such as
those related to surgical techniques and histocompatibility testing, the methods used to measure
antibodies to structures of the ABO histo-blood group system have remained relatively
unchanged for over a century, contributing to a degree of unpredictability as to the safety of

ABOI transplantation.

ABO histo-blood group carbohydrate structures are complex in nature and comprise multiple
subtypes.(de Mattos 2016) We previously showed that these subtype antigens are differentially
expressed on erythrocytes vs vascular endothelium.(Jeyakanthan et al. 2015, 2016; Jeyakanthan
and West 2012) The clinical method used routinely in transfusion medicine laboratories to detect
antibodies to ABO structures is erythrocyte agglutination; this method is largely unchanged since
Karl Landsteiner’s original description of the ABO blood groups in the early 20™ century. While
the hemagglutination method suitable for red cell transfusion, there is abundant evidence that it
is inadequate to support safe ABOi organ transplantation due to inability to distinguish antibody
1sotypes and A, B, and H subtype-specificities. We showed that cardiac endothelium expresses
only subtype II antigens whereas erythrocytes express subtypes II, III, and IV
structures.(Jeyakanthan et al. 2016) As such, using erythrocytes as surrogates to assess the

presence or confirm the absence of donor-specific antibodies to ABO structures on the heart



allograft may yield false positive results. Hemagglutination may also yield false negative results
due to its inability to detect IgG isotype antibodies reliably and predictably. It has been
previously reported that there are differences in the expression of ABO-A subtype antigens on
erythrocytes as compared to cardiac endothelium.(Clausen and Hakomori 1989; Jeyakanthan et
al. 2016) In addition to limitations of hemagglutination due to specificity and isotypes, this assay
is plagued by well-described lack of standardization among laboratories and
observers.(AuBuchon, de Wildt-Eggen, and Dumont 2008; Kang, Lim, and Baik 2014; Khalili et

al. 2017)

A clear clinical need exists for characterization of ABO antibodies with precise and predictable
determination of isotype and subtype-specificity.(Lindberg et al. 2011) We created an ABH
glycan microarray to fill this gap and its utility in pediatric heart transplantation has been
demonstrated.(Jeyakanthan et al. 2016) While the array method has advantages over
agglutination, this technology faces barriers for implementation due to the lack of microarray
equipment in most clinical laboratories, as well as the time required to complete and analyse
these results. The ideal method would utilize existing clinical laboratory expertise and
equipment, and allow for rapid turn-around testing of individual samples. Solid phase, bead-
based antibody detection methods have become the ‘gold standard’ for HLA antibody testing in
histocompatibility laboratories for organ transplant management.(El-Awar, Lee, and Terasaki
2005; Reed et al. 2013; Tait et al. 2013; Tambur et al. 2018; Tinckam 2009) The creation of a
bead-based, single antigen assay would overcome the limitations of erythrocyte agglutination
methods in ABOi transplantation and would be more suitable to routine testing in the clinical

laboratory than the glycan microarray.



An enhanced understanding of immune risk assessment in pediatric heart transplant recipients
will contribute to improved long-term outcomes. Risk assessment of pediatric heart transplant
patients requires a tailored approach specific to this population of patients. The projects
described here address areas of immune risk evaluation that have either not been explored and/or

may require a unique approach for these patients.

1.2 Hypotheses and goals

1.2.1 Chapter 2 hypothesis

VADs are increasingly used as a bridge to transplant. VADs are reported to be associated with
HLA antibody development but the current risk for pediatric patients with current era of
transfusion and HLA antibody testing practices is not well studied.

Hypothesis: The use of VADs for bridging to pediatric heart transplantation significantly

increases HLA antibodies and is driven by transfusion at the time of VAD implantation

1.2.2 Chapter 3 hypothesis

There are conflicting data regarding the relevance of AT1R autoantibodies in transplantation
overall. Pediatric patients may have less overall endothelial damage and development of
autoantibodies than adult patients and may be less likely to have ATIR autoantibodies. The
commercially available assay lacks essential controls for specificity of the antibodies detected.
Hypothesis A: Pediatric heart transplant patients will have less ATIR autoantibody as compared
to adult transplant populations

Hypothesis B: The commercial ELISA assay is lacking in specificity and false positive reactivity

cannot be ruled out



1.2.3 Chapter 4 Goal
Currently used ABO antibody detection methods are inadequate for ABO1 pediatric heart
transplant patient immune risk assessment.

Goal: Develop a precise and reproducible ABO antibody detection assay

1.3 Aims, Experimental Design, Methods, and Analysis
1.3.1 Chapter 2 aims
1. Retrospective collection of pre- and post-VAD HLA antibody and transfusion data
from local pediatric and adult patients who had undergone VAD implantation
ii.  Measurement of the impact of VAD implantation and transfusion on HLA antibody
development

1. Assessment of defined immunologic outcomes of pediatric heart transplantation

1.3.2 Chapter 3 aims
1. Determine the frequency of AT1R antibodies in pediatric heart transplant patients (pre-
and post-transplant) as well as non-transplant controls
1. Investigate AT1R antibody specificity using a commonly used histocompatibility

adsorption procedure (Adsorb Out™, One Lambda — Thermo Fisher)

1.3.3 Chapter 4 goals
1.  Develop a Luminex bead-based single antigen panel to detect ABO antibodies to A and

B subtype antigens



1. Validate the ABO bead panel in sera from healthy adult controls and compare the
results to hemagglutination titres

iii.  Evaluate the assay in sera from pediatric heart transplant patients

1.4 Relevance and potential impact of research in pediatric heart transplantation

The findings of studies in adult transplant recipients may not apply to pediatric populations,
particularly our youngest patients. The developing immune system as well as increased
challenges in organ availability necessitate a pediatric-focussed lens in evaluating immune risk
assessment. The findings presented here provide important insights into the HLA sensitisation
risks for pediatric patients undergoing VAD therapy. This information is important to understand
additional challenges that may be faced in donor compatibility following mechanical circulatory
support. AT1R antibody evaluation is becoming more common and some centres are treating
patients and adjusting immunosuppression when AT1R antibodies are detected.(Carroll et al.
2019) The results here will begin to inform what practices may be relevant to pediatric heart
transplant recipients and what unique challenges may apply to the interpretation of these results
in pediatric populations. The novel ABO antibody method presented can be readily implemented
into clinical histocompatibility laboratories as this tool is already the gold standard for HLA
antibody measurement. This method for detection and full characterisation of ABO antibodies
can also be used to study the role of ABO antibody isotype and, due to the reproducibility of
Luminex technology, multicentre studies could employ this technique with excellent centre-to-

centre concordance of results.
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2.1 ABSTRACT

Background: Ventricular assist device (VAD) therapy has become an important tool for

end-stage heart failure. VAD therapy has increased survival but is associated with

complications including the development of human leukocyte antigen (HLA) antibodies.

We sought to determine the incidence of HLA antibody development post-VAD
insertion, across the age spectrum, in patients receiving leukocyte-reduced blood
products, with standardized HLA antibody detection methods and to investigate factors

associated with antibody development.

Methods: This was a retrospective analysis of all patients who underwent durable VAD
placement between 2005-2014. Inclusion criteria included availability of pre- and post-
VAD HLA antibody results. Associations between HLA antibody development in the

first year post-implant and patient factors were explored.

Results: 39 adult and 25 pediatric patients made up the study cohort. Following implant

2

31% and 8% of patients developed new Class I and Class II antibodies. The proportion of

newly sensitized patients was similar in adult and pediatric patients. The Class | HLA
panel reactive antibody (PRA) only significantly increased in adults. Pre-VAD
sensitization, age, sex (pediatrics), and transfusion were not associated with the

development of HLA antibodies.
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Conclusion:

In a cohort of VAD patients receiving leukocyte-reduced blood products and
standardized HLA antibody testing, roughly one-third developed new Class I antibodies
in the first year post-implant. Adults showed significantly increased Class I PRA
following VAD support. No patient-related factors were associated with HLA antibody
development. Larger prospective studies are required to validate these findings and

determine the clinical impact of these antibodies following VAD insertion.
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2.2 INTRODUCTION

Ventricular assist device (VAD) therapy has become an important tool for the treatment
of end-stage heart failure.(Adachi et al. 2015; Steiner et al. 2017) While VAD therapy
has increased the window for transplantation and survival of patients with heart failure, it
has also been associated with a number of complications including the development of
human leukocyte antigen (HLA) antibodies.(Alba et al. 2015; Askar et al. 2013;
McKenna David H et al. 2002; O’Connor et al. 2010) A number of factors are suggested
to be associated with the development of HLA antibodies in VAD patients including
exposure to blood products and blood-device interaction.(George et al. 2008) However, it
is unclear to what degree these factors play a role in HLA antibody development,
especially given the conflicting reports of antibody development after blood product
exposure.(Alba et al. 2015; Askar et al. 2013; McKenna David H et al. 2002; Moazami
et al. 1998) Exposure to donor leukocytes and platelets is believed to the main stimulus in
HLA antibody production. Leukocyte reduction strategies have been broadly
implemented to reduce febrile transfusion reactions and reduce transmission of viruses
and have resulted in decreased rates of HLA allo-immunization.(Bianchi et al. 2016;
D’alessandro 2016; Murphy 2013; Seftel et al. 2004) Contradictory reports related to
blood exposure and HLA antibody production may stem from inconsistent practices
regarding strategies to minimize leukocytes in blood products. The investigation of allo-
immunization following VAD implant has also been complicated by the evolution in
HLA antibody testing from complement dependent cytotoxicity (CDC) testing, to

enzyme-linked immune-adsorbent assays (ELISA), flow cytometry, and Luminex-based
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testing.(Tinckam 2009) These methods have become increasingly sensitive over time;
additionally, each method has potential interferences that can affect the accuracy of the
testing method.(Coppage 2013; Reynolds and Tinckam 2016; Sullivan, Gebel, and Bray
2017) Studies measuring HLA antibodies post-VAD have used a combination of all of
these methods. This study investigates the development of HLA antibodies in a VAD
patient population receiving only leukocyte-reduced blood products, using standardized
testing with solid phase, bead-based HLA antibody detection methods. We sought to
determine the incidence of new HLA antibody detection across the age spectrum and to
examine risk factors, including the role of blood product exposure, associated with HLA

antibody production following VAD insertion.

2.3 MATERIALS AND METHODS

2.3.1 Patients

This was a retrospective analysis of all patients who underwent a durable VAD
placement over a ten-year period (2005-2014) at the University of Alberta hospitals and
were implanted as a bridge to transplant or transplant candidacy. Exclusion criteria
included prior transplantation and lack of HLA antibody testing. Of 99 eligible patients in
the study time frame, 19 were excluded due to lack of any samples submitted for HLA
testing, and another 16 due to lack of either pre- or post-VAD samples submitted for
testing. The final cohort of patients includes 64 patients (39 adult and 25 pediatric) for
whom pre- and post-VAD sample HLA antibody data were available. Pre-implant sera
collection occurred on average 31 days prior to VAD implantation (33 days for adults and

27 days for pediatric patients). Post-implant samples were collected within two months of
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implant, as per protocol, with additional samples sent within the first year post-implant as
per discretion of the transplant team. HLA antibody data were collected until an end-
point of death, transplant, explant or minimum required observation period of one-year

post-implant, with follow-up ending at December 31, 2015.

2.3.2 Transfusion Data

Complete transfusion data were collected for all patients. All blood products received
were documented from 30 days pre-VAD to 12 months post-VAD. Data regarding both
the number of units and the volume of each product were collected for packed red blood
cells (PRBC), plasma, and platelet transfusions. Universal pre-storage leukoreduction
was implemented in Canada in August of 1999; as such, all blood products utilized in the
study timeframe were leukoreduced.(Seftel et al. 2004) In October of 2007, Canadian
Blood Services implemented a strategy across Canada to reduce transfusion-related acute
lung injury (TRALI).(Growe, Petraszko, and Bigham 2008) Because TRALI is believed
to be mediated by the presence of HLA and human neutrophil antibodies in donor plasma
and platelets(Bux and Sachs 2007), predominantly male donors became the source used
for blood products. This strategy reduces the likelihood of HLA antibodies present in
serum as female donors are more likely to have circulating HLA antibodies following
exposure to paternal antigens in pregnancy.(Triulzi et al. 2009) Therefore, study patients
who received pre- or post-implantation blood plasma products after October, 2007 would
have received male plasma and therefore were less likely to have received blood products

containing passive HLA antibodies.
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2.3.3 HLA Antibody Testing and Analysis

Solid phase, bead-based antibody detection methods were used for HLA antibody testing.
Antibody screening was performed using FlowPRA® or LABScreen® Single Antigen
assays (One Lambda, Thermo Fisher) (n=24) and Luminex single antigen bead testing
was performed for confirmation of positive screens and antibody specificity
determination (n=40). As per local protocol, patient sera with high negative control bead
reactivity were treated with AdsorbOut™ to reduce non-specific patterns of reactivity. A
mean fluorescent intensity (MFI) of 1000 was used for reporting HLA antibody
specificities, with the exception of C locus antibodies for which a 3000 MFI threshold
was used. Antibody specificity patterns reflective of cryptic epitopes were not considered
positive.(El-Awar, Jucaud, and Nguyen 2017; Morales-Buenrostro et al. n.d.) HLA
typing was performed on all patients with antibodies detected to rule out self-reactive
antibodies.

To measure the Class I or II panel reactive antibody (PRA) values from single antigen
bead results, the Canadian cPRA Calculator was utilized.(Services n.d.) This tool
calculates the PRA value based on donor antigen frequencies collected for the Canadian
Transplant Registry and includes HLA A, B, C, (HLA Class I) as well as HLA DRBI,
DRB3, DRB4, DRBS5, DQA1, DQB1, DPA1, and DPB1 (HLA Class II). Class I and II
cPRA values were calculated separately and will be referred to as ‘PRA’ for the purposes
of this study.

Sensitization pre-VAD was defined as either Class I or Class II PRA >10%; patients were
considered highly sensitized if either Class I or Class II PRA was >80%. Following VAD

insertion, the PRA was considered increased and the patient was categorized as having
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new antibodies if the PRA values increased by 10% or greater or if a new antibody
specificity was identified. HLA antibody results were grouped by the following time

frames: pre-VAD, 0-30, 31-90, 91-180, and 181-365 days post-VAD.

The development of new Class I or II HLA antibody was investigated for correlation to
age, pediatric vs. adult, sex (pediatric only), use of pre-VAD mechanical support and

transfusion information (platelets, PRBC, and plasma), as well as time.

2.3.4 Pre-Transplant Management

Practices varied over time with respect to approach to management of pre-transplant
HLA antibodies. In the adult program, desensitization is not a common practice at this
center. In the pediatric program starting in 2010, desensitization occurred in patients with

a PRA >80% pre-transplant.

2.3.5 Post-Transplant Definitions

Acute cellular rejection was defined using the 2005 International Society for Heart and
Lung Transplantation (ISHLT) standardized cardiac biopsy grading, with rejection
episodes grade >1R recorded during the first year post transplant.(Stewart et al. 2005)
Antibody-mediated rejection (AMR) was also defined using the 2005 or 2013 ISHLT
Grading.(Berry et al. 2013; Stewart et al. 2005) Coronary allograft vasculopathy (CAV)
was defined using the 2010 ISHLT grading system for allograft vasculopathy.(Mehra et

al. 2010)
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2.3.6 Statistical Methods

Descriptive statistics were used to report the patient characteristics at baseline and
selected time intervals. Continuous data were summarized by the mean and the two-sided
95% confidence interval (CI) of the mean (normal approximation), standard deviation
(SD), median, interquartile range, minimum and maximum. Categorical data were
presented by absolute and relative frequencies (n and %). Change in %PRA pre- vs post-
VAD implantation were compared using Wilcoxon signed rank test because of the small
sample size and non-normally distributed data. The change in proportions of patients with
Class I and Class II antibodies detected pre- and post-implantation were compared using
McNemar’s test. Generalized linear mixed models with binary outcome were performed
to measure the effects of selected independent variables on development of new
antibodies (Class I or Class II). Repeated measures were used to adjust for data from the
same patient over time. SAS software, version 9.4 (SAS Institute Inc, Cary, NC, USA)

was used for analysis.

2.4 RESULTS

2.4.1 Demographics

There were 39 adult and 25 pediatric patients in the study cohort; details are described in
Table 1. The median age was 54.7 (IQR 48.2-60.2) years (adult) and 3.1 (IQR 0.9-8.4)
years (pediatric) with the majority in both groups being male (90% adult and 60%
pediatric). The average weight for adults was 82.2 + 20.9 kilograms (kg) and 19.9 £ 17.9
kg for pediatric patients. The most common diagnosis was cardiomyopathy (n=53) and

this was true for both patient populations (adults n=34, pediatrics n=19). There were four
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patients with congenital heart disease all of whom were pediatric patients. Eleven patients
were on mechanical support prior to VAD implantation. Five of these patients had a
short-term VAD and six patients were on extra-corpeal membrane oxygenation (ECMO).
The most common device type used in adults was an intra-corporeal continuous flow
device (n=32, 82%) with the rest having a para-corporeal pulsatile device (n=7). Device
types included Abbott Heartmate™ II (n=26), HeartWare™ HVAD™ gsystem (n=6) and
Thoratec PVAD (n=7). The majority of pediatric patients had a pulsatile para-corporeal
device (Berlin Heart EXCOR®) (n=20, 80%) with the rest an intra-corporeal continuous
flow device (HeartWare™ HVADT™ system). The majority of implants were an isolated
LVAD (n=56, 88%) with two RVADs and six BiVADS making up the remaining

devices.

2.4.2 Blood Product Utilization

All patients received blood products either during or following VAD implantation. The
average number of platelets units was 1.6 £ 5.5, PRBCs 3.9 + 11.8 and plasma 1.9 + 6.9
in the first 30 days following implantation. During the first year post-VAD implantation
the number of units transfused increased to an average number of platelets 4.5 £ 6.5,
PRBC 18.0 + 12.9 and plasma 8.9 &+ 6.7. The majority of blood product use occurred
within 30 days of implantation (Figures 1 and 2); this was true for both the adult and
pediatric populations. Supplemental Figure 1 shows that the majority of blood products

(all products combined) occur on the day of implant.
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2.4.3 HLA Antibody Development

Samples were received for HLA antibody analysis in all study timeframes although not
all patients had samples in each time category. All patients had pre-VAD antibody
assessment; there were 43, 41, 37, and 30 samples in the 0-30, 31-90, 91-180, and 181-

365 days post-VAD, respectively.

Prior to VAD therapy the average PRA for adults was 7£13% and 3+9% for Class I and
IT antibodies, respectively (Table 2). The proportion of adult patients classified as
sensitized (PRA >10%) at the pre-VAD time point was 18% for Class I and 10% for
Class II. There were no highly sensitized patients (PRA >80%) in the adult population
prior to implantation. In the pediatric cohort the average pre-VAD Class I PRA was
9+24% and Class II 4+20%. Sixteen percent of the pediatric patients were classified as
sensitized pre-VAD for Class I and 4% Class 1I; 4% of the pediatric patients were highly

sensitized for Class I and Class II antibodies.

Comparing the pre-VAD to post-VAD PRA, there was a statistically significant
difference only in the adult Class I PRA (7£13% vs. 23+33%, <0.0001); no significant
PRA increase was observed for Class II PRA. No significant change was seen in the
pediatric patients for Class I or II PRA (Table 2). There was a significant increase in the
proportion of adult patients with a PRA greater than 10% from the pre- to post-VAD
measurements (p=.002) but a significant difference was not detected for the proportion of

adult patients with a PRA greater than 80%. No significant increase in the proportion of

27



sensitized patients was observed for the adult Class II PRA or the Class I or II PRA in the

pediatric cohort before and after implantation.

Figure 2 demonstrates the change in %PRA for Class I and II antibodies for each
individual adult (3A and 3C) and pediatric patient (3B and 3D). Many patients had 0%
PRA values pre- and post-VAD. Some patients showed an increase in the %PRA post-
implantation, some showed no change, and in three cases, there was an observed decrease

of more than 10% PRA following implantation.

Following VAD implantation, 31.2% (n=20) of patients were categorized as developing
new Class I antibodies and 12.5% (n=8) developed new Class II antibodies. Of patients
with new antibodies, 27.3% (6/22) produced both new Class I and Il HLA antibodies.
Similar proportions of adult and pediatric patients developed Class I (33.3% vs. 28%, p-
value 0.65) and Class II antibodies (12.8% vs. 12%, p-value 0.92). Although single
antigen bead testing data were not available for all patients, only two of the 25 patients
classified as having new antibodies were tested by FlowPRA. All other patients classified

as having new HLA antibodies were tested using single antigen beads.

The majority of all new Class I and Class Il HLA antibodies in adults and children were
detected within 90 days of implantation, most in the first 30 days (Figure 3). In the first

90 days after implantation, 34.5% (n=19/55) of patients produced new Class I antibodies
and 10.9% (n=6/55) new Class II antibodies. New Class I antibodies were produced in a

similar proportion of adult and pediatric patients (36.7% vs. 31.8%, p=0.7). Class II
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antibody development occurred less frequently than Class I in both adult and pediatric
populations, with no significant difference between the two groups, (adult 12.1% vs.

pediatric 9.1%, p=0.99).

2.4.4 Factor Associated with HLA Antibody Development

As described above all patients were exposed to blood products. Blood product use, age
(continuous variable), sex (for pediatric patients only), pre-VAD mechanical support and
time post-implantation were analyzed using logistic regression to determine the
associations with Class I and Class II HLA antibody production. Age, sex, pre-VAD
mechanical support and exposure to the different blood products were not associated with
the development of either Class I or Il HLA antibodies following VAD implantation
(Table 3). The only significant variable associated with the development of HLA
antibodies post-VAD was time on VAD support; with the risk of developing antibodies
occurring as an early phenomenon. The odds of producing Class I antibodies in the first
30 days, was 17.5 fold higher compared to the time period of 91-180 days post-implant
(OR 17.5, CI 2.1 to 145.8, p-value 0.009) (Table 3). This observation also held true when
Class I antibody production was compared in the first 30 days vs 181-365 days post-
implant (OR 14.1, CI 1.7 to 117.9, p-value 0.02). There were no associations between the

development of Class II HLA antibodies with any of the factors examined.

Due to the observation that the majority of HLA antibody development in most patients

occurred early post-implant, blood product exposure in the 30 days before and after VAD

implantation was calculated and compared between patients who did or did not develop
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new Class I or II antibodies. The average number of units of platelets transfused during
this timeframe was 5.2 + 5.2 for those who produced Class I antibodies compared to 4.0
+ 5.4, for those that did develop these antibodies. In the same time frame, the number of
units of PRBC transfused was 16.8 + 10.5 vs 14.0 = 18.2 and plasma 8.5 £ 7.8 vs 7.9 &+
10.7. In the evaluation of Class II antibody development, the average number of platelet
units a patient was exposed to was 3.2 + 1.8 for those who made new Class II antibodies
vs. 4.6 = 5. for those who did not. PRBC exposure was 14.2 £ 9.3 units vs 15.1 = 16.6,

and plasma 6.5 £ 7.2 vs. 8.3 £ 10.0 in these same patients.

The impact of cardiac diagnosis on post-VAD HLA antibody development could not be
examined accurately as the majority (83%) of the patients had cardiomyopathy. There
was an additional limitation in examining sex-related differences in HLA sensitization in
the adult population as the vast majority of patients were male. Although not part of the
logistic analysis, the presence of pre-VAD HLA antibodies was examined to determine
whether there was an association with production of either Class I or II antibodies at any
time period in the first year post-implantation. There were 12 patients with Class I or 11
PRA>10% prior to VAD implantation. Of these patients, five developed either new Class
I or II antibodies after implantation. There was no significant difference in the proportion
of patients who developed new antibodies in the first year after implant (either Class I or
IT) in those who were sensitized pre-implant (Class I or I PRA>10%) (n=5/14) compared

to those who did not develop antibodies (n= 14/51) (35.7% vs. 27.5%, p=0.55).
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2.4.5 Antibody Persistence

Although the numbers were too small for formal statistical analysis, the persistence of
HLA antibodies after first detection was examined in all patients with a post-VAD PRA
>10%. In the adult cohort 9/10 patients with an increased Class I PRA had subsequent
HLA testing and 89% of the patients’ PRA remained high. For the four adults with
increased Class II PRA, all subsequent values remained high in follow-up testing. In the
pediatric cohort, six patients had increased Class I PRA post-VAD and five had follow-
up samples. Sixty percent of the patients (3/5) had ongoing increased Class I PRA. Only
three pediatric patients had increased Class II PRA and of these two had follow-up testing

and both had become negative over time.

2.4.6 Outcomes

Patients were supported on device therapy for an average for 220 + 140 days before
reaching an endpoint of death (n=9), transplant (n=47), one year on VAD therapy (n=7)
or weaned off device (n=1). For those patients listed for transplant, the median wait time
for adults was 142.5 days (IQR 70.5-462.8) and for pediatric 137 days (IQR 53-317.5).
When examined by sensitization status post-VAD, the waitlist times were as follows: in
adults, the median wait time was 201 days (IQR 27-706) for those that that developed
new antibodies as compared to 132 days (IQR 73-304) for those that did. For the
pediatric patients, the median wait time was 308 days (IQR 176-514) for those that
developed new antibodies compared to 89 days (IQR 49-262) for those that did not
develop new antibodies in the first year. Only one of the pediatric patients underwent

attempted desensitization but the treatment was not tolerated and therefore discontinued.
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Of those that produced new HLA antibodies post-implant, thirteen were transplanted,
seven died, and two patients were still on VAD support at the end of the study period. In
the adult population, 26 were transplanted, seven died on the device, and six remained on
the device at the end of the study period. In the pediatric population, 21 patients were
transplanted, two died on the device, one patient remained on the device at the end of the

study period, and one was weaned for recovery at 145 days post-VAD implant.

For those adults who underwent transplant and for whom one-year follow-up was
available, 31.6% (n=6/19 patients) developed grade >2R cellular rejection in the year
post-transplant; only two of these adults had developed new HLA antibodies following
VAD implantation. There were no AMR episodes in the first year post-transplant but
three patients developed CAV 1 as detected by routine angiography and none of these
patients had developed new HLA antibodies after VAD implantation and all had a
negative pre-transplant T and B cell flow crossmatch. In the pediatric patients who were
transplanted and had one year of follow-up, 15% (n=3/20) developed grade >2R cellular
rejection; two of these patients had developed new HLA antibodies after VAD
implantation. Two of the pediatric transplant recipients had AMR; one patient had
pAMRI (H+) and the other pAMR1 (I+). Neither patients had developed HLA antibodies
post-VAD implant; one did develop de novo weak Class II donor specific antibody
(DSA) and the other Class I and II DSA post-transplant and both had negative pre-
transplant T and B cell flow crossmatch. None of the pediatric transplant patients had

detectable CAV within the first year.
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2.5 DISCUSSION

To date studies on the proportion of patients that produce new HLA antibodies after VAD
implantation have reported inconsistent results. This study focused on development of
HLA antibodies in patients undergoing VAD therapy in a single center in which patients
received only leukocyte-reduced blood products and standardized bead-based, solid phase
HLA testing methods. In this context, we observed that 31% of all patients developed
new Class I antibodies and just over 10% developed new Class II HLA antibodies
following VAD implantation. These findings are consistent with some previous reports
such as a recent analyses of the pre-transplant UNOS registry data.(Castleberry et al.
2016; Magdo et al. 2017) However, these large registry analyses do not compare a pre- vs
post-VAD change in antibody status but rather compare patients who did and did not
undergo mechanical circulatory support. O’Connor et al reported a much higher
frequency of new HLA antibodies of 69% in a small cohort of pediatric patients (n=13)
but it is not clear if non-specific patterns were ruled out or if high background sera were
adsorbed, as was done here.(O’Connor et al. 2013) While our frequency of new
antibodies is lower than other reports, there is one previous adult study that reported a
<10% incidence of new antibody development following VAD insertion, with no patients
developing a PRA >50%.(Coppage et al. 2009) This study used a comparable approach to
blood products, specifically the use of leukoreduced blood products, but current bead-

based solid phase HLA antibody detection methods were not used.
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Discrepancies between studies may stem from different devices used, different patient
populations or potentially differences in HLA antibody detection methods. Some
previous studies have utilized complement dependant cytotoxicity or ELISA methods,
known to be both less sensitive as well as prone to non-specific positive results compared
to the methods used in our institution.(Castleberry et al. 2016; Coppage et al. 2009;
Magdo et al. 2017) This inconsistency in HLA antibody detection methods has been a
major criticism of many of the studies that have measured the impact of VAD therapy on
HLA antibody development.(Yang et al. 2009)° For this reason, only patients tested by
bead-based, solid phase detection methods were included in this study, as recommended

for clinical testing.(Tait et al. 2013)

Besides issues with detection methods, previous studies have shown that VAD patients
developed high or non-specific reactivity to bovine serum albumin (BSA).(Newell et al.
2006; Nikaein et al. 2012) As such, the reduction of background reactivity by adsorption
may be of particular relevance in this population and is a standard practice at our
institution. Furthermore, the utility of bead-based antibody detection assays, as used here,
has been compared to ELISA-based methods with ELISA testing having a higher
likelihood of resulting in false positive results.(Yang et al. 2009) As our methods were all
bead-based and included controls for background reactivity, false positive results are less
likely than previous studies using less robust methods. The sensitivity of modern assays
is also higher than CDC or ELISA making comparison of studies based on previous
methodologies difficult from the perspective of specificity and sensitivity.(Coppage et al.

2009; Newell et al. 2006; Tait et al. 2013; Tinckam 2009) Although the sensitivity of the
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modern assays may be higher, the clinical relevance of antibodies detected is less clear.
While positive CDC testing is a result of complement-mediated damage to the donor
cells, this is not the case with solid phase testing. Therefore the ability of these antibodies

to bind complement and cause cell damage is difficult to predict.

There are few previous single center studies using only solid phase assays to evaluate the
impact of VAD implantation on HLA antibody development in both adult and pediatric
populations. In this study, similar proportions of both adult and pediatric patients
developed new Class I and II HLA antibodies post-implantation. Although the detection
and development of new individual antibodies is important, the PRA is a useful tool as it
provides a more quantitative measure of the sensitization level and the likelihood of
finding a compatible donor. As a high PRA decreases the suitable donor pool, there is
increased risk of longer waiting time and increased waitlist mortality.(Mahle et al. 2011;
Yang et al. 2013) We observed a statistically significant increase in the Class [ PRA
following VAD implant in only in adults and no change in Class I or IT %PRA in
children. Younger patients have previously been found to develop fewer de novo HLA
antibodies post-transplant.(Urschel et al. 2010) This similar observation to our study may

be a reflection of fewer previous sensitizing events or a less mature immune system.

It is important to consider that the absence of detectable HLA antibodies prior to implant
may not be a true reflection of the degree of sensitization from prior exposure to non-self
HLA antigens. The PRA provides a snapshot of detectable antibodies at the time of

assessment and does not provide insight into antibodies that may have been present
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previously but are no longer detectable.(Karahan, Claas, and Heidt 2015; Tambur et al.
2018) Previous sensitizing events such as prior transfusions, surgeries, and pregnancies
increase the chance of exposure to non-self HLA antigens. While these exposures may be
less common in the majority of pediatric patients, a unique group of patients who have
undergone previous cardiac surgeries to address congenital malformations may have been
exposed to non-self HLA antigens through previous transfusions and/or homograft
tissue.(Meyer et al. 2005) At our center, glutaraldehyde treated homografts are used to
reduce HLA sensitization in infants undergoing the Norwood procedure.(Laing et al.
2010) While it is possible the post-VAD increase in %PRA seen following implantation
is driven by the inflammatory processes around VAD implantation, it also may reflect an
anamnestic response from previous exposure to foreign HLA antigens. Pre-VAD HLA
sensitization has previously been reported to be a risk factor for development of HLA
antibody following VAD implantation.(Alba et al. 2015; Kwon et al. 2015) This pattern
was not observed in our patient population. The patients for whom pre-VAD HLA were
not detected were not less likely to be free of HLA antibodies post-VAD. This finding
could reflect low titer HLA antibodies not detected in the pre-VAD sample that are
increased in titre as a result of inflammation or contact to artificial surfaces in the context
of VAD implantation. Alternatively, these antibodies may reflect new Class I and II HLA
antibody development post-VAD implantation secondary to exposure to new HLA
antigens. Further information on sensitizing events over the patients lifespan prior to
VAD implantation as well as new assays to measure cellular immune responses may

provide a better understanding of this mechanism.(Karahan et al. 2018, 2015)
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The development of new antibodies in this study was an early phenomenon, with the
majority of antibodies detected in the first 30 days. While this early detection of
antibodies could be due to passive transfer of antibody from blood products, we did not
find any association between either the average volume of, or number of, platelet, red
cell, or plasma transfusions and development of HLA antibodies. This finding remained
true for Class I antibody development when the adult population was analysed separately
(data not shown). This lack of association of HLA antibody with use of blood products
suggests that the antibodies are less likely developed in response to transfusions or
passively acquired from blood products, perhaps due to the early implementation of
TRALI prevention strategies.(Growe et al. 2008) In contrast to our findings, some studies
previously showed that transfusion at the time of implant is associated with development
of HLA antibodies.(McKenna David H et al. 2002; Moazami et al. 1998) Our center has
been using universal leukoreduction practices since 1999. This practice has likely
resulted in a decrease in immune stimulation from blood products. While some studies
have differed from our findings, others also reported no association between blood
product exposure and the development of Class I or II HLA antibodies.(Alba et al. 2015;
Askar et al. 2013) This variation could stem from differences in transfusion practice
between institutions over time, and may contribute to the inconsistencies reported in the

literature on HLA antibody development post-VAD implantation.

In adults, most of the HLA antibodies that developed appeared persistent in nature but

this was less so for the pediatric cohort. This finding further suggests that VAD

sensitization in adults may be more of a memory response than in the pediatric patients.
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However, post-implant sample collection was not consistent and future studies with long-
term measurement at specific time points would better address whether or not HLA

antibodies post -VAD are transient in nature.

Although this study is unique in its inclusion of both adult and pediatric patients, it is
limited by its small sample size and under-representation of female adult patients. As
such, sex-related differences in HLA sensitization in the adult population could not be
measured. This limitation is consistent with most VAD studies as adult males are much
more likely to undergo VAD therapy than females. Due to the known risk of allo-
immunization during pregnancy, particularly multiple pregnancies(Honger et al. 2014),
inclusion of higher numbers of adult females, could reveal sex as a risk factor for post-
VAD sensitization, as was shown in a previous adult study.(Alba et al. 2015) Data
analysis was also limited by the small patient numbers, which reduced our ability to
perform multivariate logistic regression analysis; this may also have resulted in decreased
statistical power and increased risk of Type II errors. In addition, because these data have
been collected retrospectively, the time points for HLA antibody testing are not
consistent despite having a protocol in place. Not every patient had collection of multiple
serum samples in the post-VAD period thus a sustained PRA response could not be fully
assessed. In addition, follow-up post-transplant was limited to the first year and therefore
we are unable to comment on complications that develop following this timeframe. These

limitations support the need for a larger prospective, longitudinal study.
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2.6 CONCLUSION

In a VAD patient population receiving only leukocyte-reduced blood products, roughly
one-third developed new Class I antibodies in the first year post-implant as detected by
standardized, modern HLA antibody detection methods. Production of new HLA
antibodies was an early phenomenon, occurring within most commonly within 30 days
after VAD implant. In addition, only adult patients had a significant increase in Class |
PRA post-implant, with no significant increase in Class I1 PRA and neither Class I or II
PRA was significantly increased in the pediatric population. Production of new
antibodies was not significantly associated with age, blood product exposure, pre-VAD
mechanical support or pre-VAD sensitization. Larger, prospective studies in both the
adult and pediatric populations are required to validate these findings and to develop a
better understanding of risk factors for HLA sensitization, the impact on transplant
outcomes, and the persistence of these antibodies over time in patients following VAD

implantation.
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2.9 Figures and Tables
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Figure 2-1: Transfusion volumes (milliliters) of platelets, PRBCs, and plasma are shown
by study time frame for both pediatric and adult populations (top). Number of units
transfused for platelets, PRBCs, and plasma are shown by study time frame for both
pediatric and adult populations (bottom). PRBCs, packed red blood cells.
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Figure 2-2: Changes in percent PRA for individual pediatric (A and C) and adult (B and
D) patients pre- and post-VAD implantation for class I and class II HLA antibodies
respectively. The pre-VAD %PRA was measured, on average, 27 days preimplantation
for the pediatric patients and 33 days preimplantation for the adult patients. The highest
%PRA detected is represented and was measured, on average, 58 days post-implantation
for the pediatric patients and 70 days post-implantation for the adult patients. HLA,
human leucocyte antigen; PRA, panel-reactive antibody; VAD, ventricular assist device.
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Figure 2-3: The number of patients who developed new class I or II antibodies are
shown by time frame (A and B, respectively). The values in the pre-VAD time points are
the patients with existing class I or II antibodies at the time of implant.
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Table 2-1: Demographics and clinical characteristics

ADULTS (n=39)

PEDIATRICS (n=25)

Mean Age (years) (+SD) 52.2 (12) 5.2 (5.9)
Median Age (years) (IQR) 54.7 (48.2-60.2) 3.1(0.9-8.4)
Mean Weight (kg) (+SD) 82.2 (20.9) 19.9 (17.9)
Sex (Male) 35 (90%) 15 (60%)
Diagnosis
Cardiomyopathy/myocarditis 34 (87%) 19 (76%)
Congenital 0 4 (16%)
Other 5 (13%) 2 (8%)
Previous Cardiac Surgery (yes) 7 (18%) 10 (40%)
Pump Type
Paracorporal Pulsatile 7 (18%) 20 (80%)
Intracorporeal Continuous 32 (82%) 5 (20%)
Pump Configuration
LVAD 37 (95%) 19 (76%)
RVAD 0 2 (8%)
BiVAD 2 (5%) 4 (16%)
Pre-Implant ECMO 2 (5%) 4 (16%)
Pre-Implant Short Term VAD 1 (3%) 4 (16%)

LVAD: left ventricular assist device

BIVAD: biventricular assist device

VAD: ventricular assist device

RVAD: right ventricular assist device

ECMO: extracorporeal membrane oxygenator

Table 2-2: Comparison of percent PRA values between preimplant and the peak value in
the first year post-VAD implantation. In addition, the proportions of patients sensitized
with a PRA >10% and those highly sensitized with a PRA >80% are shown

Patient Median PRA (%) Average PRA (%) p-value* | Proportion of p-value** | Proportion of p-value**
Population and | (IQR) (+/- SD) Patients with Patients with
HLA Class PRA>10% PRA>80%
Pre- Post- Pre- Post- Pre- Post- Pre- Post-
VAD VAD VAD VAD VAD VAD VAD VAD
Adult
Class | 0 (0-9) (8 (0-28) |7 (13) 23(33) | <0.0001 [ 18% 44% 0.02 0% 10% 0.06
(7/39) (17/39) (0/39) | (5/39)
Class Il 0 (0-0) [0 (0-5) |3 (9 11(28) |0.07 10% 10% 1.0 0% 5% 0.50
(4/39) (4/39) (0/39) | (2/39)
Pediatric
Class | 0 (0-6) [5 (0-27) |9 (24) 20 (30) | 0.06 16% 36% 0.06 4% 8% 0.32
(4/25) (9/25) (1/25) | (2/25)
Class Il 0 (0-0) [0 (0-5) |4 (20) 9 (22) 0.9 4% 16% 0.08 4% 4%
(1/25) (4/125) (1/25) | (1/25)
PRA: Panel Reactive Antibody
*Wilcoxon signed-ranked test
**Exact McNemar's test
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Table 2-3: Generalized linear mixed model looking at the association between patient
clinical characteristics and the development of Class I and II HLA antibodies following
VAD insertion

Class | New Antibody Class Il New Antibody
Development Development
Independent variable p value OR 95% CI p value OR 95% ClI
Age All population 0.2 1.0 (0.99, 1.03) 0.6 1.0 (0.98, 1.04)
Pediatrics 0.3 1.1 (0.9,1.2) 0.7 1.0 (0.9, 1.3)
Adults 0.3 1.0 (0.97,1.1) 0.7 1.0 (0.9,1.1)
Sex (pediatric only) 0.8 1.2 (0.2, 6.5) 0.8 0.8 (0.06, 10.4)
Female vs. Male
Units of platelets 0.5 1.0 (0.9,1.1) 0.7 1.0 (0.7,1.3)
Volume of platelets (rescaled by 1000) 0.2 1.3 0.9, 1.9) 0.9 0.9 (0.3, 2.5)
Units of red cells 0.3 1.0 (0.98, 1.1) 0.9 1.0 (0.9, 1.1)
Volume of red cells (rescaled by 1000) 0.2 1.1 (0.9,1.2) 0.9 1.0 (0.7, 1.3)
Units of plasma 0.2 1.1 (0.97,1.1) 0.9 1.0 (0.9,1.2)
Volume of plasma (rescaled by 1000) 0.09 1.3 (0.96, 1.8) 0.6 1.0 (0.4, 1.6)
Pre-VAD ECMO or ST-VAD 0.93 1.1 (0.2,5.5) 0.8 1. (0.06,43.3)
Time Overall time 0.006 - - 04 - -
post 0-30 days vs. 31-90 days 0.06 2.8 (0.9,84) 0.3 2.5 (0.4, 14.5)
VAD 0-30 days vs. 91-180 days 0.009 17.5 (2.1, 145.8) 0.2 4.9 (0.5, 45.9)
0-30 days vs. 181-375 days 0.02 14.1 (1.7, 117.9) 0.2 4.0 (0.4,37.7)
OR: odds ratio
VAD: ventricular assist device
ECMO: extracorpeal membrane oxygenation
ST-VAD: short term VAD
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3.1 Abstract

Anti-AT1R antibodies have been linked to poor outcomes in some adult renal, heart, and lung
transplantation, and to rejection episodes in some pediatric renal and liver transplant studies.
However, there are conflicting reports in the literature overall with regard to the relevance of
ATI1R antibodies in solid organ transplantation. There are especially limited data regarding the
frequency and impact of AT1R antibodies in pediatric heart transplantation. Using a commercial
ELISA assay, we measured AT1R antibodies in pediatric heart transplant recipients at our centre
as well as age- and sex-matched non-transplant controls. We found that 55% of patient sera
(84/154) were positive for AT1R antibodies; this level of positivity was mirrored in controls. We
also determined that many of the positive AT1R antibody results were reduced when treated with
Adsorb Out™, a commercial reagent commonly used to remove non-specific reactivity in
histocompatibility solid phase assays. We detected Neu5Gce glycans on the Adsorb Out™
microparticles, suggesting this may be one of the sources of non-specific reactivity removed in
this procedure. Our data suggest that the commonly used ELISA ATI1R antibody assay may be
prone to false positive reactivity, warranting further investigation. Pediatric patients may be
particularly prone to this non-specific reactivity in the AT1R commercial assay but studies in

older patient populations are also needed to examine this phenomenon further.
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3.2 Introduction

There is consensus that donor-specific antibodies to human leukocyte antigens (HLA) are
associated with poor transplant allograft outcomes.(Patel and Terasaki 1969; Tait et al. 2013)
There is also increasing evidence suggesting a negative impact of autoantibodies on transplant
outcomes.(Cardinal et al. 2013; Dragun et al. 2005; Lefaucheur et al. 2019; Tiriveedhi et al.
2013). Antibodies to the angiotensin II type 1 receptor (AT1R) have been studied more widely
than other autoantibodies in the context of transplantation, with a potentially detrimental
influence first suggested by Dragun (Dragun et al. 2005). In this study, a bioassay was used to
measure the presence of AT1R antibodies and assess their impact on neonatal rat
cardiomyocytes. Subsequent studies have concurred, but the majority of these used a single
commercial enzyme-linked immunosorbent assay (ELISA). There is no publication specifically
documenting the development or validation of this assay beyond its description as a sandwich
ELISA assay, and the derivation of its ATIR antigens from human AT1R over-expressing

Chinese hamster ovary (CHO) cells. (Reinsmoen et al. 2010)

Several AT1R antibody studies in the setting of adult renal transplantation have demonstrated an
association with antibody-mediated rejection (Dragun et al. 2005; Lefaucheur et al. 2019;
Philogene et al. 2019), whereas others have not (Deltombe et al. 2017; Pinelli et al. 2017).
Conflicting results have also been reported in adult heart transplantation: some studies
demonstrated an association of AT1R antibodies with worse outcomes (Hiemann et al. 2012),
while others did not find this association (Thohan et al. 2020). In pediatric populations, data from

kidney and liver transplant patients suggested that ATIR antibodies were associated with
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rejection; studies related to heart transplantation are lacking (Pearl and Reed 2019). In the study
described herein, we measured the frequency of ATIR antibodies in pediatric heart transplant
patients. We hypothesised that pediatric patients may have lower levels of AT1R antibodies than
adult transplant patients. We also investigated the possibility of non-specific reactivity in the

commercial AT1R ELISA assay.

The specificity of the commercial AT1R assay has been previously investigated.(Halpin et al.
2017; Oaks et al. 2018). Oaks et al reported that AT1R reactivity in this ELISA assay could be
removed by adsorption of patient sera with CN-Glycolylneuraminic acid (Neu5Gc) and AT1R
antibody levels in cardiac transplant patients in that patients with high levels of AT1R antibody
also had high levels of anti-Neu5Gc.. Our finding that a very high proportion of not only
pediatric heart transplant patients but also non-transplant pediatric controls contained very high
levels of AT1R antibody prompted further investigation into the specificity of the ELISA AT1R

assay.

3.3 Methods

3.3.1 Samples

Pediatric patients who had undergone heart transplantation between May 2010 and October 2015
for whom pre- and post-transplant serum samples were available were selected for ATIR
antibody testing (n=42). Multiple serum samples were included for several patients; in total 154
serum samples were tested from the 42 patients. Samples from age- and sex-matched non-
transplanted individuals (n=27) collected from the cardiac catheterization laboratory were

included as controls. All samples had been stored at -70°C.
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3.3.2 Anti-AT1R antibody measurement

ATI1R antibodies were measured using the ELISA ATIR assay (kit lot #10) manufactured by
Cell Trend GmbH, distributed by One Lambda Thermo Fisher. This assay kit uses ATIR
antigens isolated from human AT1R-overexpressing Chinese hamster ovary (CHO) cells. The kit
includes ELISA plate strips onto which AT1R antigens are captured, negative and positive
control sera, ATIR calibration standards of 2.5, 5.0, 10.0, 20.0, and 40.0 U/mL, wash buffer,
horseradish peroxidase (HP)-labelled anti-human IgG secondary antibody, and substrate. Sera
were tested according to the manufacturer’s recommendations. Briefly, sera from transplant
patients and control patients were diluted 1/100 and added to plates in duplicate, together with
calibrators and assay kit control sera, and incubated at 4 C° for two hours. After three washes,
secondary antibody was added and plates were incubated at room temperature for 60 minutes.
The plate was washed three times; substrate was added and incubated in the dark at room
temperature for 20 minutes. The stop solution was added and plates were read on a
spectrophotometer at 450nm within 30 minutes. Results were interpreted as per the
manufacturer’s instruction: results =17U/mL were considered positive, results <10 U/mL were
considered negative, and results between 10 and up to 17 U/mL were classified ‘at risk’. ATIR
antibody values greater than 40 U/mL cannot be reported due to limitations of the calibration

curve. Samples above 40 U/mL were not diluted and retested and were all reported as 41 U/mL.

Assay performance was validated by testing against previously characterized samples from the

American Society for Histocompatibility and Immunogenetics (ASHI) proficiency testing

exchange.
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3.3.3 Adsorption of non-specific reactivity using Adsorb Out ™

The occurrence of assay reactivity not specific to ATIR (‘non-specific reactivity’) was
investigated using Adsorb Out ™ particles (One Lambda Thermo Fisher) according to the
manufacturer’s instructions. Serum samples with ATIR antibodies detected in a range of low to
high levels of positivity were selected to be treated in this adsorption protocol (n=52 patient sera
and 3 controls in total). Aliquots of 2uL. of Adsorb Out™ product were added to 20 uL. of serum,
vortexed, and placed on a plate shaker for 30 minutes at room temperature. Sera were
centrifuged for 10 minutes at 10000 RPMs to remove the Adsorb Out™ particles. Sera were re-
tested with the ATIR ELISA assay as described above. The assay kit positive control serum as
well as the 20 U/mL and 40 U/mL calibrator reagents were also adsorbed using the same
protocol as patient and control sera. These control and calibrator AT1R values were corrected by

a factor of 1.1 to account for a 10% dilution with the adsorption reagent.

3.3.4 Neu5Gec glycan detection on Adsorb Out ™ product

The presence of Neu5Gc glycans on Adsorb Out™ particles was measured by flow cytometry
using a Neu5Gc detection kit that included a chicken anti-Neu5Gc antibody and isotype control
antibody (BioLegend). A FITC-labelled anti-chicken secondary antibody (BioLegend) was used
to detect binding of anti-Neu5Gc antibody. Negative control latex beads coated with human
albumin were stained in parallel. The Adsorb Out™ particles and human albumin control beads
were each incubated with the primary antibody at 2-8°C for one hour, washed, and incubated
with the secondary antibody at 2-8°C for one hour, washed and acquired on a Canto II flow

cytometer (BD Biosciences).
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3.3.5 Statistical analysis
Statistical analysis was performed using GraphPad Prism. The Mann-Whitney test was used to
compare unmatched, non-parametric continuous variables and the Fishers Exact Test was used to

compare proportions of populations.

3.4 Results

3.4.1 Quality control results

The results of the ASHI proficiency testing sera were consistent with results reported by other
centers, thus confirming that the test protocol and kit lot# were performing as observed in other

centres. (data not shown).

3.4.2 Patient and control populations

The median age of patients at the time of transplant was 3.38 years with a range of 11 days to
16.5 years; median age of control individuals at time of collection was 4.7 years with a range of
3 days to 16.9 years; there was no significant difference in the age of patient as compared to
controls. (Figure 3-1). Regarding sex distribution, 21 of 42 patients (50%) and 13 of 27 controls
(48%) were female. The sample immediately prior to the date of transplant was selected as the
pre-transplant sample. The time points of the pre- and post-transplant sera collection for all
patients is shown in Table 3-1. Nine of the patients underwent VAD implantation prior to
transplant; the time points for this therapy prior to the pre-transplant sample are also shown in

Table 3-1.
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3.4.3 Sera testing positive for AT1R antibodies

Amongst all patient samples tested, an AT1R antibody level >17 U/mL was detected in 84 of the
154 samples tested (55%). Many of the patient results (59 of 84 (70%) positive patient sera) were
above the upper test limit of 40 U/mL. In the non-transplant control group, 8 of the 15 positive
results (53%) were above 40 U/mL. A similar proportion of positive results was detected in sera
from controls, with 15 of 27 samples (56%) yielding an AT1R antibody level >17 U/mL (Figure
3-2). The quantities of pre- and post-transplant AT1R antibodies for all 42 patients are included

in Table 3-1 and Figure 3-3.

The proportion of positive samples was comparable for the pre-transplant samples from all
patients with 24 of 42 (57%) testing positive for ATIR antibodies as compared to the combined
pre- and post-transplant combined results shown in Figure 3-2 however AT1R antibody status
did not always remain consistent pre- vs post-transplant (Figure 3-4). Some patients converted
from positive to negative pre- vs post-transplant and others had the opposite change in AT1R
antibody status. No sex-related association with ATIR antibodies was detected in patients or

controls.

3.4.4 ATI1R antibody results from adsorbed sera

Of the 52 positive samples retested following the adsorption treatment, 39 (75%) showed a drop
in the AT1R antibody level below the 17 U/mL positivity threshold as shown in Figure 3-5.
Evaluating the pre-transplant sera for AT1R antibody with and without adsorption treatment,
there was a significant decrease in the proportion of samples with results >17U/mL (p=0.014).

The same comparison of the proportions of post-transplant sera positive for AT1R antibody with
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and without adsorption treatment did not show a statistically significant drop although there was
a trend towards significance (p=0.06). These pre- and post-transplant sample comparisons are
included in Figure 3-4. Three control samples with the highest levels of AT1R antibody >40
U/mL were selected for adsorption; all three converted to negative values following Adsorb

Out™ treatment.

Adsorption did not remove AT1R antibody reactivity from the assay kit positive control serum or

the 20 U/mL and 40 U/mL calibrator reagents (Figure 3-6).

3.4.5 Detection of Neu5Gec glycans on Adsorb Out™ microparticles
Although Neu5Gce glycans were not detected on human albumin coated beads, they were clearly

present on Adsorb Out™ particles (Figure 3-7).

3.5 Discussion

ATI1R antibodies are a natural consideration for relevance in transplantation and vascular
rejection as these antibodies have been reported to mediate endothelial activation and to be
involved in the pathology of conditions such as preeclampsia in pregnancy and systemic
sclerosis. (Hubel et al. 2007; Riemekasten et al. 2011; Riemekasten, Petersen, and Heidecke
2020) Dragun et al elegantly set the stage in 2005 for a potential role for anti-AT1R antibodies in
transplantation, preceded by their earlier work demonstrating that passive acquisition of ATIR
antibodies could mediate renal allograft damage in an animal model.(Dragun et al. 2004, 2005).

The neonatal rat cardiomyocyte bioassay used in the Dragun study is impractical for the clinical
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laboratory thus the development of a higher throughput method such as ELISA was critical for
broader study of the role of AT1R antibodies. However, as is the case with all solid phase assays

in the clinical laboratory, inclusion of relevant controls is essential.

This study demonstrates that a high proportion of pediatric heart transplant recipients appear to
produce antibodies to AT1R, but also shows this finding in sera from an equally high proportion
of age-matched non-transplant controls. We also report that levels of ATIR antibodies detected
with the commercial ELISA assay are diminished using an adsorption tool that does not decrease
reactivity in the assay kit positive control or in the ATIR calibration reagents. This work does
not explore all the precise mechanisms underlying the non-specific reactivity in the ELISA assay
nor all mechanisms for the removal of non-specific reactivity with Adsorb Out™ but there are

several possible means by which this reduction could occur.

There are common assay interferences that must be mitigated in ELISA assays. Non-specific
reactivity in ELISA methods can be due to the presence of antibodies with specificities to other
antigens such as the blocking agent, typically bovine serum albumin (BSA) and/or the
polystyrene surface (Andersen et al. 2004; Giiven et al. 2014; Pickering et al. 2010; Terato et al.
2014; Xiao and Isaacs 2012). Antibodies to BSA can also be detected in both health and disease,
and appear more frequently in children than adults (Hilger et al. 2001; Rothberg and Farr 1965).
These issues are known to be relevant to assays designed to detect antibodies to HLA. (Newell et
al. 2006) For this reason, ‘no antigen’ wells were included for ELISA assays previously used for
the detection of HLA antibodies. Luminex bead-based methods have replaced the ELISA assay

as the gold standard for HLA antibody detection; these assays always include a ‘no antigen’
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bead. The Adsorb Out™ product is described by its manufacturer as microparticles without
antigen treated with ‘blocking solution’. While we cannot know specifically what the
commercial blocking solution contains, it is very likely to include BSA; this product is widely
used to reduce background reactivity in sera shown to react to the ‘no antigen’ bead in HLA

antibody assays.

Oaks considered non-specific reactivity in the same ATIR ELISA assay in a study on AT1R
antibodies in adults supported with ventricular assist devices (VAD) (Oaks et al. 2018).
Investigating the possibility of xenoreactive antibodies as a source of assay interference, they
adsorbed patient sera on the CHO cell line used for ATIR antigen production for the ELISA
assay, then re-tested the samples on the ELISA platform. They reported reduced reactivity in
many patient sera following adsorption on CHO cells. They additionally postulated that
antibodies to the sialic acid Neu5Gc could be contributing to non-specific reactivity. As
endogenous Neu5Gc is absent in humans, most people produce ‘natural’ antibodies to Neu5Gc in
similar fashion to ABO blood group antibodies (Gao et al. 2017). Anti-NeuSGC antibodies
develop in infancy and are also present in cord blood, demonstrating passive antibody
transmission from mother to infant (Taylor et al. 2010). As CHO cells would be decorated with
Neu5GC, it is possible that AT1R antigens prepared from these cells may include this glycan.
BSA is assumed to be one component of the blocking solution used to create the Adsorb Out™
microparticles. Thus the finding that Neu5Gc is detected on this product but not on human
albumin beads is not unexpected and identifies anti-Neu5Gc antibodies as a possible source

of false positive AT1R antibody results in this ELISA assay.
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No other commercial AT1R antibody assay is widely available, however, laboratory-developed
assays have been reported. A large study of the Dutch Organ Transplant Registry included an
ATI1R antibody assay that was developed in-house.(Kamburova et al. 2019) Although the
method development is not described in detail, a Luminex-based approach was used; no
association was observed between the presence of AT1R antibodies and rejection episodes or
reduced renal allograft survival. An additional recent report used a bioassay to measure the
presence of functionally active AT1R antibodies (Bankamp et al. 2021). These authors
demonstrated poor correlation of the bioassay results with both an in-house assay and the same
ELISA assay used in our study. They postulated that this discrepancy may be related to the
inability to fully purify AT1R antigens from the CHO cell line; they also observed that additional

antigens beyond the AT1R targets may be present in the ELISA assays.

Although details of the Cell Trend commercial assay do not appear in published reports and there
1s no publication specific to its development and validation, it is referred to as a ‘sandwich
ELISA’ by its creator Dr. Dragun and collaborators. As such, it would require the use of a
capture antibody, most likely specific to an AT1R domain outside of the second extracellular
loop. It has been reported that there are issues with the specificity of ATIR monoclonal
antibodies (Herrera et al. 2013a, 2013b), but to investigate this possible non-specific antigen
capture, further details would be needed regarding method development of the commercial

ELISA assay.

Some patient populations may be more likely than others to produce antibodies with diverse

specificities that interfere with the ATIR antibody ELISA assay. Here we showed not only a
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high frequency of positive reactivity with this assay in sera from both pediatric heart transplant
patients and age and sex-matched controls, but also that the majority of these positive reactions
became negative when sera were treated with a reagent commonly used to reduce non-specific

reactivity in HLA antibody assays.

3.6 Conclusion

The biologic role of AT1R, as well as mounting evidence from positive correlation studies,
suggest that antibodies to this receptor may be harmful to the graft in some transplant patients.
Current literature remains inconclusive, however, as to a definitive pathophysiologic impact of
ATI1R antibodies in organ transplantation. This discordance may be driven in part by the
presence of false positive reactivity in the sole ELISA assay used. Our findings, together with
lack of published information regarding the development and validation of this commercial assay
against functional bioassays, make it challenging to interpret the literature. Pediatric populations
may be particularly prone to non-specific reactivity in this ELISA assay; further investigation is
needed across other pediatric transplant patients and controls. Here we have presented an easily
performed addition to the existing assay that would enhance its specificity. The specificity of this
assay could also be greatly improved by the availability of a ‘no antigen’ well. This absorption
approach may offer a means to readily improve this assay in the absence of better assay controls

from the commercial vendor.
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3.7 Tables and Figures

Table 3-1: Individual pre- and post-transplant patient data with time points of serum collection
and VAD implantation date where relevant. All AT1R antibody results >40 U/mL are displayed
as 41 U/mL. Sera that were positive for AT1R antibodies and treated with adsorption are
included. For 4 of the 42 post-transplant samples, insufficient serum and/or reagent was available
to retest AT1R antibody after adsorption.

Post-
Pre- transplant
Days Days before Pre- transplant Days after Post- AT1R
between VAD |transplant for | transplant [AT1R antibody |transplant for [ transplant antibody
and pre- pre- AT1R (U/mL) post- AT1IR (U/mL) Age at
transplant transplant antibody ADSORB transplant antiobdy ADSORB transplant
Patient sample sample (U/mL) treated sample (U/mL) treated (years)
1 6 41 25.3 364 41 19.5 1.22
2 82 17.2 5 655 20.7 2.67 10.96
3 508 17 41 211 492 41 8.9 5.44
4 118 41 8.1 281 41 1541 4.07
5 141 0 41 6.4 502 41 6.5 12.10
6 0 3 3 348 2.9 2.9 0.03
7 0 2.7 2.7 374 6 6 8.10
8 23 8.4 8.4 172 4.7 4.7 16.49
9 388 37.6 5.6 464 41 264 1.91
10 8 8.9 8.9 404 2.9 2.9 0.04
11 1 243 5 360 41 8.8 0.49
12 26 5.6 5.6 249 10.8 10.8 2.35
13 21 14.4 14.4 441 8.6 8.6 12.26
14 3 41 5.7 375 41 171 0.64
15 1 8.5 8.5 349 41 9.3 1.16
16 761 0 41 7 385 41 4.5 15.73
17 79 0 41 241 376 4.2 4.2 3.85
18 638 0 41 41 373 41 3.6 8.18
19 49 1.8|NT 364 18.5[NT 048
20 5 243 4.2 776 41 41 0.76
21 6 0 20.5 4 759 41 9.7 0.93
22 242 0 41 41 49 41 20.2 6.84
23 0 15.6 15.6 26 6.5 6.5 15.58
24 145 15.4(NT 394 24|NT 1.01
25 69 9.6 9.6 114 16.1 16.1 8.52
26 0 26.4|NT 353 20.9[NT 4.55
27 0 41 3.8 453 41 3.9 11.78
28 0 6.1 6.1 734 41 15 0.56
29 140 24 26 8.4 423 29 2.9 542
30 218 1 41 4.4 775 41 3.3 2.64
31 1 2.8 2.8 368 2.8 2.8 0.71
32 0 241 1.9 414 13.6 13.6 5.43
33 0 41 36.4 24 41 13 2.91
34 113 26 3.5 218 41 3 2.22
35 47 41 343 660 274 2.6 7.89
36 1 24 24 366 22 2.2 2.41
37 51 6.9 6.9 370 41 18.6 0.19
38 0 245 1.8 283 41 4.7 10.59
39 1 9.5 9.5 220 6.7 6.7 15.22
40 0 25.5|NT 167 23.8[NT 0.84
41 16 1.7 1.7 75 1.5 1.5 0.12
42 91 7.3 7.3 263 30.2 1.5 717
Median 218 1 24.2 6.65 369 28.8 6.5 3.38
Range 6-755 0-388 1.7-41 1.7-41 24-752 1.5-39.5 1.5-39.5 0.03-16.49
95% Cl (median) 79-638 0-17 9.6-26.4 5.0-8.5 349-394 16.1-41 3.9-9.7 1.22-6.84
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Figure 3-1: The ages at time of sample collection are comparable between the pre-transplant
patient sera and the non-transplant controls.
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Figure 3-2: The majority of patient (84 out of 154) and control (15 out of 27) sera were positive
for ATIR antibodies =17 U/mL. Values >40 U/mL are displayed as ‘41’ U/mL.
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Figure 3-3: There was variability in pre- and post-transplant AT1R antibody levels for all 42
samples. Results are shown for each patient individually with and without adsorption. For 4 of
the 42 post-transplant samples, insufficient serum and/or reagent was available to retest AT1R
antibodies after adsorption. Nine patients received VAD therapy (indicated with heart icon).
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Figure 3-4: After transplantation of the positive samples, AT1R antibody levels did not
consistently increase or decrease in either the untreated sera (n=42) or the adsorbed sera (n=38).
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Figure 3-5: Following treatment of positive samples with AdsorbOut™, 39 of 52 (75%) patient

sera previously positive for AT1R antibodies decreased to <17 U/mL ATI1R concentration

(n=52).
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Figure 3-6: Anti-AT1R antibodies were not removed from the assay positive control or
calibrators with AdsorbOut™ treatment
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Figure 3-7: Neu5Gc glycans were detected on the AdsorbOut™ microparticles but were not
detected on beads coated with human albumin
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4.1 Abstract

Reliable risk assessment in ABO-incompatible transplantation relies on accurate and
reproducible ABO antibody measurement. We have relied on red cell agglutination titres for the
determination of ABO antibody levels for over a century and there are known issues with
reproducibility in this method. Furthermore, there are many different iterations of this method
that lead to poor inter-laboratory and inter-study comparability. ABO-A and B glycan
representation is known to differ between red cells and tissues making the red cell a poor
surrogate assessment of alloimmune risk in ABO-incompatible transplantation. The use of solid
phase, single antigen antibody detection assays has revolutionized HLA antibody detection. The
same methodology principles can be applied to ABO antibody detection. In this study we created
a Luminex panel to measure A and B subtype and isotype specific antibodies. We tested this
method in panel of healthy controls and compared the findings to a traditional hemagglutination
determination of ABO antibody titre. These results show that there is a great deal of variability in
ABO antibody profiles within an individual titre as well as within the same ABO blood groups of
healthy individuals. This assay lends itself to rapid implementation into clinical
histocompatibility laboratories which have the required equipment and expertise to perform this

testing.
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4.2 Introduction

It has been over a century since Karl Landsteiner first described the ABO blood
groups(Landsteiner 2001). Additional knowledge of A, B, and H antigen structures (H antigen
defining blood group O) has since been gained, but detection of ABO antibodies in clinical
practice and related research is still reliant on variations of the erythrocyte agglutination method
described in 1901. Hemagglutination is known to be plagued by a lack of sensitivity and poor
reproducibility. (Datta et al. 2021; Denomme and Anani 2020; Kang, Lim, and Baik 2014) It is
also cumbersome to distinguish between IgG and IgM isotypes by agglutination and it is not
possible to define ABH glycan-subtype specificities. Yet ABO hemagglutination titres are
routinely used to inform clinical management of transfusion and ABO-incompatible (ABO1)

transplantation.

Knowledge of ABH glycobiology has evolved including the sequencing of the genes that encode
for the glycosyltransferases that decorate human cells and tissues with these carbohydrate
structures(Lane 2016; de Mattos 2016; Oriol et al. 1992; Pendu et al. 1989). It is known that
there are six glycan structure subtypes (I-VI) of each A, B, and H antigens but These subtype
glycans are not equally represented on various cells and tissues. The most biologically relevant
antigens are reported to be A-ILIILIV and B-II. (Bentall et al. 2021; Clausen and Hakomori
1989; Jeyakanthan et al. 2016; de Mattos 2016). In the case of ABO-A individuals, assuming the
more common Al subgroup, subtype A-II is the only A antigen found on vascular endothelium,
but epithelial cells are additionally decorated with A-III and A-IV glycans. Tissues of ABO-B

individuals appear to have only B-II glycans although not all tissues have been well studied; this
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work is hampered by the limited availability of B subtype-specific monoclonal antibodies.
(Clausen et al. 1985; Jeyakanthan et al. 2015; Ravn and Dabelsteen 2000) Some glycobiology
studies use A- and B-trisaccharides as surrogates for A- and B-subtype glycans however, since
these surrogate glycans are not biologically relevant, anti-A- and B-trisaccharide-specific

antibodies are of uncertain significance. (Pochechueva et al. 2011; Stussi et al. 2005)

Naturally occurring antibodies to non-self ABH glycans present a major immunologic barrier in
transplantation and transfusion. As the hemagglutination assay does not distinguish glycan
subtype-specificities of ABO antibodies, it remains challenging to fully characterise antibody
profiles, resulting in suboptimal risk assessment. The subtype-specificity is critical to assessment
of ABO antibodies in ABOi transplantation due to tissue-specific glycan representation on
endothelial and epithelial cells. (Bentall et al. 2021; Jeyakanthan et al. 2016) Previously we
developed an ABH-glycan microarray to improve precision and accuracy of ABO antibody
detection. This method has not been widely implemented, however, due in part to lack of readily
available instrumentation and expertise in the clinical laboratory setting.(Bentall et al. 2021;
Daga et al. 2021; Jeyakanthan et al. 2015, 2016) It is also a challenge to achieve intra- and inter-
laboratory standardization when scanning microarray slides on different array readers.

(Jeyakanthan et al. 2016; Muthana and Gildersleeve 2016).

In contrast, Luminex methodologies are now widely used in antibody detection assays.
Individual polystyrene beads are coupled with target antigens; up to 500 beads can be
distinguished from one another by their different hue intensities. Following incubation of patient

serum (or plasma) with antigen-coupled beads, phycoerythrin (PE)-labelled secondary antibodies
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are used to detect serum antibodies bound to each individual bead, with the Luminex instrument
reporting PE fluorescence intensity of each bead. The instrument settings are automatically
determined in its calibration, making it a highly reproducible method within and between clinical
laboratories. Indeed, this more sophisticated antibody detection technique has become the
clinical standard for histocompatibility laboratories worldwide in the detection of antibodies to
human leukocyte antigens (HLA) to support solid organ and hematopoietic stem cell
transplantation (HSCT) (El-Awar, Lee, and Terasaki 2005; Sullivan, Gebel, and Bray 2017; Tait
et al. 2013). The presence of Luminex instruments and expertise in HLA-histocompatibility
laboratories makes this highly standardized method a natural fit for ABO-histocompatibility
antibody profiling. We developed a Luminex assay to characterize A and B glycan subtype-
specific antibodies in human serum and define antibody isotypes, overcoming the many
limitations of the hemagglutination assay. This new assay will enable much needed refinement of
ABH-histocompatibility assessment for organ and cell transplantation and transfusion medicine,

and will facilitate new advances in the field of glycoimmunology.
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4.3 Methods/Results

4.3.1 Overview of Luminex bead-based ABO antibody detection

Figure 4-1 provides a broad overview of the ABO antibody detection assay and an example of
the results from one ABO-A individual. Briefly, we coupled individual A- and B-subtype
glycans to individual beads. The glycan-coupled beads were incubated with patient
plasma/serum then washed to remove unbound antibodies. PE-labelled IgG- and IgM-specific
secondary antibodies were used to detect bound antibodies. The mean fluorescence intensity
(MF]I) for each bead was detected using Luminex instrumentation. Details on the development of

this assay are as follows.

4.3.2 Coupling antigens to beads

Luminex MagPlex® Microspheres beads were coupled to individual ABO-A and ABO-B subtype
glycans that were manufactured as previously described.(Jeyakanthan et al. 2015, 2016;
Meloncelli and Lowary 2009, 2010; Meloncelli, West, and Lowary 2011) Briefly, A and B
glycan subtype [-VI tetrasaccharide antigens were synthesized; bovine serum albumin (BSA)
was linked to amines in these carbohydrate structures. Additional beads were coupled to
galactose-a-1,3-galactose (a-Gal) and to BSA as positive and negative control beads,
respectively (Dextra, UK). Blood group A- and B-trisaccharides were also coupled to individual
beads (Dextra UK). The coupling procedure was performed as per the protein coupling
procedure recommended by Luminex bead manufacturers(Angeloni et al. 2016). The ratio of
antigen to bead was optimized for this glycan-protein antigen target using titration studies. The
XxMAP Antibody Coupling (AbC) Kit® was used for further standardization of the coupling

procedure. Refer to Coupling and Coupling Confirmation SOP for additional details.
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4.3.3 Bead-antigen coupling confirmation

Coupling of antigens to beads was confirmed using a panel of monoclonal antibodies either pan-
reactive to ABO-A and ABO-B glycan structures or with specificities to individual ABO-A and -
B glycan-subtype structures. The amount of antigen coupled to beads was consistent and
comparable bead-to-bead as shown in Supplemental Figure 4-S1. Additional details, including
the specific monoclonal antibodies employed, are provided in Coupling and Coupling

Confirmation standard operating protocols (SOPs) in Chapter 6.

4.3.4 Micro-array antibody analysis

The monoclonal antibodies used in the bead coupling confirmation protocol were also run in
parallel on the ABH-glycan microarray assay as previously described (Jeyakanthan et al. 2015,
2016). Antigens bound to glass arrays slides were identical to those coupled to the Luminex
beads. The Luminex assay detected antibodies at low concentrations with greater sensitivity than

the glycan array (Figure 4-2).

4.3.5 Application of assay using healthy control sera

Using antigen-coupled beads, profiles of anti-A and anti-B antibodies (and related antibodies)
were characterized in serum or plasma samples from healthy adult individuals (n=143; ABO-O:
n=68; ABO-A: n=48; ABO-B: n=17; ABO-AB: n=10) as described in the Luminex ABO
Antibody Detection SOP. Briefly, S0OuL of diluted serum or plasma was incubated with pooled
single antigen beads then incubated at room temperature with gentle agitation. The beads were

washed three times prior to addition of either anti-human IgG or IgM secondary antibody. Plates
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were incubated again at room temperature with gentle agitation and washed three more times.
The beads were resuspended in 80uL of buffer and acquired on a Luminex 200 instrument or a
FlexMap 3D Luminex instrument. When acquired on the FlexMap 3D, the mean fluorescence
intensity (MFI) results were divided by 1.67 to achieve MFI comparability between instruments.

Each run included a positive and negative control serum.

The results were highly reproducible as shown in Supplemental Figure 4-S2 demonstrating the

results of the positive control sample tested over 24 individual runs.

A comparison of IgG and IgM antibodies by blood group is shown in Figure 4-3. Here and
throughout the results, antibody analysis was focused on antibodies specific to A-II, -I1I,
and -1V and B-II glycan subtypes as these are reported to be the most biologically relevant
glycan targets. (Bentall et al. 2021; Clausen and Hakomori 1989; Jeyakanthan et al. 2016)
Levels of antibodies with specificities to these A- and B- subtypes were highly variable between
individuals. Additionally, sera from ABO-O individuals contained significantly higher levels of
IgG isotype antibodies to A-II, -III, -IV and to B-II glycans than sera from ABO-B and ABO-A
individuals, respectively, whereas there was no difference in levels of IgM isotype antibodies
amongst sera from individuals of the different ABO blood groups. There were no significant sex-

related differences observed (Figure 4-4).

Antibodies to A and B trisaccharide targets were compared to antibodies with specificities for the

cell and tissue relevant tetrasaccharide glycan subtypes A-II, -III, and -1V and B-II. Over half of

the ABO-A individuals had detectable IgG and IgM antibodies to A-trisaccharide whereas less
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than 10% of the ABO-A blood group healthy controls exhibited reactivity to A-tetrasaccharide
target beads (Figure 4-5). This same finding was not observed for B-trisaccharide glycan vs B-II

subtype glycan.

Similar levels of a-Gal antibodies of IgG vs IgM isotypes were detected and this observation

remained true when analysing a-Gal antibodies by sex as shown in Supplemental Figure 4-S3.

4.3.6 Hemagglutination ABO antibody titre testing

Traditional ABO titre testing was performed on individuals also tested by the Luminex ABO
antibody assay. Sufficient sample for agglutination testing was available for 119 of the 143
healthy controls. (ABO-O n=54, ABO-A, n=43, ABO-B n=16, ABO=AB, n=6). Serially diluted
sera/plasma (50ul) were incubated with 25uL of 1% ABO-A1 and ABO-B reagent red cells
(Referencells®, Immucor) at room temperature in a 96-well tray. The plate was mixed and
allowed to incubate for one hour. Agglutination was read on an ELISPOT reader (CTL). The
agglutination titre was reported as the last dilution showing visual agglutination. These
agglutination scores were compared to the levels of tetrasaccharide-specific antibodies detected

in the Luminex assay.

Within each anti-A and anti-B ABO hemagglutination titre, there was a high degree of variability
of IgG and IgM antibodies detected by the Luminex assay. There were increasing overall levels
of IgM antibodies in each titre as shown in the [gM alone data in Figure 4-6, but the levels of
IgG and IgM antibodies in each titre are overlapping. There are two cases in which anti-A and

anti-B tetrasaccharide antibodies were detected when a negative antibody titre had been reported;
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these results were repeated to confirm. Supplemental Figure 4-S4 demonstrates this same

comparison for ABO-O individuals only.

4.3.7 Antibody analysis statistical methods

All data were tested for normality using the Shapiro-Wilk, Anderson-Darling, and Kolmogorov-
Smirnov tests. Non-parametric analysis of Mann-Whitney test and Wilcoxon test were used for
paired and non-paired data, respectively when results were not normally distributed. The only
normally distributed data were the positive control comparisons shown in Supplemental Figure

4-S2. GraphPad Prism 9.3.1 was used for analysis and data graphing.
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4.4 Discussion

Here we describe a novel assay to measure serum antibodies with specificities for ABO-A and -
B glycans and demonstrate its reproducibility and utility in a study of samples from healthy
adults. It has been widely reported that there is a need for better methods for the detection of
ABO antibodies.(Denomme and Anani 2020). The field of histocompatibility has used a similar
tool for almost 2 decades. Table 4-1 describes several of the lessons learned through the
widespread use of the Luminex assay for HLA antibody risk assessment can be applied to the

validation and implementation of this ABO antibody detection platform. (El-Awar et al. 2005)

Clinical laboratories currently lack a reproducible assay for detection and precise
characterisation of glycan subtype-specific IgG and IgM antibodies to support ABO1i
transplantation and transfusion. It is widely acknowledged that red cell agglutination methods are
poorly standardized and that inter-laboratory comparisons of titre data are challenging(Bentall et
al. 2016; Daga et al. 2021; Denomme and Anani 2020; JP, J, and LJ 2008; Kang et al. 2014). Our
Luminex assay is highly reproducible and allows for accurate characterization of isotype and
subtype-specificity of anti-A and anti-B antibodies, thus offering the potential to overcome these
barriers in clinical ABO antibody assessment. This assay has already been tested in a multi-
centre exercise. Well characterised samples, reagents, and SOPs were sent to nine international
histocompatibility laboratories for blind testing. The results were highly comparable thus
demonstrating the strength of this assay as a highly reproducible tool for use in multi-centre trials

as well as to ensure consistency of patient results within each centre. (Halpin et al. 2020)
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The ease of differentiating the isotype of ABO antibodies also creates the potential to understand
the risk of IgG vs IgM ABO antibodies in clinical ABO-incompatible (ABO1) organ and cell
transplantation. While some studies have employed the use of dithiothreitol (DTT) and the
addition of anti-human globulin (AHG) in an attempt to distinguish IgG from IgM ABO
antibodies, this practice is inconsistent. While DTT is known to disassociate the [gM pentamer, it
1s not specific for [gM antibodies alone. There is also inconsistency in AHG titration methods,
with some laboratories including DTT treatment and others not performing this treatment prior to

ABO antibody titre testing.(Kahlyar et al. 2022)

It is widely recognized that there are discrepancies in organ transplant waitlist times based on
ABO blood group of the patient. Blood group O and B patients wait longer to be transplanted
with an ABO-compatible donor compared to A and AB patients. There is also an increasing need
to consider ABOI transplantation as transplant registries globally are seeing increased numbers
of patients with high levels of HLA antibodies resulting in poor access to HLA-compatible
organs. (Hussey, Parameshwar, and Banner 2007) The success of ABOi transplantation suggests
that disadvantaged blood groups ABO-O and ABO-B as well as HLA-sensitised patients would
benefit from access to ABOi donors(Fan et al. 2004; de Weerd and Betjes 2018; West et al.
2001). However the well-recognized limitations of red cell agglutination titre testing are a barrier
for consistent and reproducible ABO antibody assessment within and between programs as well

as for national transplant registry use.

Increased knowledge of subtype-specific antibodies in the setting of ABOi transplantation will

facilitate advancements in other areas of transplant clinical practice and research. Improved
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histopathology studies of ABO1 grafts could be carried out as antibodies to endothelial vs
epithelial cells can be readily characterized. The pathology of transplant rejection is constantly
evolving and this additional knowledge could be applied to retrospective and prospective studies.
(Bruneval et al. 2017; Haas et al. 2017; Kobashigawa et al. 2018) Immune memory has been
identified as an as a critical gap in transplant risk assessment but one that can be challenging to
study (Tambur et al. 2018). Our Luminex tool can be readily incorporated into immune memory

assays for simultaneous assessment of HLA and ABO B cell memory(Karahan et al. 2018).

While the field of ABOI transplantation would clearly benefit from the use of this assay, there
are also potential transfusion medicine applications. There is a growing demand for whole blood
transfusion from ABO-O donors but naturally occurring anti-A and anti-B antibodies may cause
transfusion reactions. (Yazer and Spinella 2018) Currently female whole blood donors are
excluded due to reports that females have more ABO antibodies than males but we did not
observe this sex-based difference in our study population. The ABO blood group barrier is often
crossed with platelet transfusions but transfusion medicine laboratories lack a consistent

approach to measuring ABO antibodies in this blood product.

The ABO glycobiology field is hampered by lack of readily available monoclonal antibodies
with specificity for individual glycan subytypes. This Luminex tool allows for clear
characterization of A and B glycan monoclonal antibodies as shown in the coupling confirmation
data from this assay development. This bead panel can also be readily expanded to include H
disaccharide and tetrasaccharide targets. In fact, H panel beads have already been manufactured

as part of this work (data not shown) and can readily be included with the A and B beads for
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simultaneous antibody determination. The specificity of commonly used monoclonal antibodies
in clinical transfusion medicine is also not well defined and this Luminex panel could be used for
this purpose.

It is possible that there are in-vivo glycan modifications to A and B tetrasaccharides that are not
represented in this panel. If additional relevant glycans are determined to be biologically
relevant, this panel could easily be expanded to include such targets. While we have shown that
IgG and IgM ABO-A and B antibodies vary widely within each ABO-A and B titre, it would be
prudent to carry out additional hemagglutination studies in parallel with Luminex panel antibody
profiling as the cell may continue to shed light on the glycobiology of these antigen systems.
Erythrocytes will always be in an inadequate surrogate for tissues and organs but molecular
profiling of the RNA regulation of A and B glycosyltransferases in health and all transplant
outcomes, performed in parallel with Luminex antibody profiles would provide valuable new

information.

We did not assess the secretor status of the subjects in this study. Subtype I glycans are reported
to be secreted in individuals with the corresponding fucosylsyl transferase 2 (FUT2) genotype.
We observed A-I and B-I subtype specific antibody patterns that suggest the FUT2 non-secretor
genotype in some individuals (data not shown). Secretor status is not known to be relevant in
transplantation or routine transfusion practice but this tool could be used to study this further.
Similarly, the H panel mentioned above could be used to study A, B, and H antibody profiles in

individuals with Bombay phenotype who lack the normal fucosyltransferase 1 (FUT1) gene.
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As transplantation has recently observed steps forward in the in the field of xenotransplantation.
(Cowan and Tector 2017; Montgomery et al. 2022; Porrett et al. 2022) This Luminex tool could
be incorporated in the recipient risk assessment algorithms as ABO-O swine may have different
ABO-H and glycans decorating their cells and tissues as compared to humans. (Milland and
Sandrin 2006) Although the xenografts used in these recent transplants were from a-Gal
knockout animals, there are other potential carbohydrate targets of interest and this reproducible

assay could be expanded to include other xeno-glycans of interest.

4.5 Conclusion

In summary, we present a novel, highly reproducible ABO antibody detection assay that can be
readily incorporated into clinical histocompatibility laboratories (Table 4-2). The initial data
presented demonstrate a high degree of variability in ABO antibody profiles and the inadequacy
of red cell titration assays to report the complexity of these antibodies. Our Luminex assay can
characterize A and B glycan subtype-specific antibodies in human serum and define antibody
isotypes, overcoming the many limitations of the hemagglutination assay. This glycan-specific
antibody will allow allograft-specific determination of ABO antibody risk evaluation for use in
ABOI transplantation as well as transfusion and has the potential to significantly advance these
fields. This method also lends itself readily to basic glycobiology research in multi-centre

studies.
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4.7 Tables and Figures

Table 4-1: Parallels between HLA and ABO antibody detection challenges

HLA and ABO antibody
assessment challenge

Proposed resolution of this challenge in ABO antibody analysis by use of a
Luminex bead-based antibody assay

Clinical significance of
cell-based compatibility
assessment vs virtual
compatibility

There is need to determine clinical relevance of positive Luminex bead-based solid
phase antibody detection in the presence of low or negative antibody titre in the cell
based platform(s). Flow cytometry evaluation of ABO antibodies using red cell targets
will not address the antibody subtype specificity limitation. Much like the HLA antibody
evaluation by single antigen bead where antibody can only be determined to alleles or
in the setting of high levels of HLA antibody, the ABH subtype specificity is only
possible on platforms such as the Luminex system.

Reproducibility of results

The superior reproducibility of ABO antibody detection on the Luminex platform has
already been established in these studies. Further evaluation of this antibody method
could easily be carried out in the Canadian Blood Services HLA working group with
national exercises involving all HLA laboratories across Canada as has already been
done for HLA antibody assessment. This type of national standardization of the
assessment of antibody fits within the mandate of the Canadian Transplant Registry.

Determination of positive
threshold

An effective way to determine the biologically relevant levels of ABO antibodies in
ABOQi transplantation would be to perform retrospective studies where stored samples
from ABOQi transplant recipients and short and long-term outcomes are known. There
is evidence that ABQi transplants can be safely performed in several large meta-
analyses but there are also cases in which ABOi transplants had a poor outcome.
These cases could begin to inform the clinically relevant levels of ABO antibody.

Test method interferences

Solid phase assays are known to be plagued by the test method interferences created
by therapies used in transplantation. The use of intravenous immune globulin (IVIg) in
desensitization is an example of such an interference. IVIg preparations have been
tested using the Luminex panel and it was observed that they all have high levels of
detectable ABO antibody (data not shown). This information is critical to the accurate
interpretation of both ABO and HLA antibody results.

Anti-thymocyte globulin could also contain ABO antibodies which could be
investigated on the Luminex ABO antibody platform.

Detection of antibodies to
cryptic epitopes

A challenge in Luminex bead-based HLA antibody detection been the detection of
antibodies to cryptic epitopes present on beads. While glycans are not likely to have
the same challenges as have been experienced with complex MHC protein targets as
the protein folding is not an issue, it is possible that in-vivo modifications of ABH
glycans in tissues such as those by sialic acids may create tissue glycotopes that
differ from the tetra-saccharide structures bound to the Luminex beads. Monoclonal
antibody flow and immunohistochemistry studies suggest that may not be the case but
it cannot be ruled out as a possibility. It is also possible that polymorphisms in the H
glycosyltransferase FUT1 will result in downstream modifications to the A and B
glycans resulting from each of these respective transferases. Further development of
monoclonal antibodies as well as flow cytometry studies of cells,
immunohistochemistry studies of multiple tissues, and sequencing of the ABH-related
genes will provide discovery in this area.

Complement interference

Complement interference has been shown to be a cause of false negative antibody
results in the measurement of HLA antibodies in Luminex single antigen bead-based
methodologies which can be addressed through the use of serum dilution or use of
EDTA treatment of serum. (Brian 2016; Irure et al. 2017; Sullivan et al. 2017; Tambur
et al. 2015) The presence of sometimes high levels of IgM ABO antibodies suggests
that complement should in evaluated as a potential source of falsely low ABO
antibody detection. We compared several high MF| sera samples to EDTA plasma
and did not observe this phenomenon (data not shown). The dilution of the serum
samples prior to incubation on the ABO beads may mitigate this technical issue.

94




Further studies using Melon column to remove IgM antibodies could be performed to
confirm that IgM antibodies are not blocking the ability of IgG antibodies to bind to the
beads and/or binding C1q which also could block IgG antibody binding.

Table 4-2: Comparison of ABO antibody assessment methods.

Determination of ABH subtype
antibody specificity

Readily distinguish IgM vs IgG
antibodies

Read-out is documented for
future review

Reproducibility

Equipment required exists in
the clinical laboratory

Expertise to perform assay
exists in the clinical laboratory

Time to perform assay

Test can be easily run as STAT

Cost

Summary of methodology:

Bead-Based Solid Phase
Assay

Hemagglutination ABH Glycan

MicroArray

Yes

Yes

1.5 hours 2.5 hours

Yes
Moderate

Low Moderate

Inexpensive method | Excellent research tool Best suited tool for

suited to transfusion for the fine clinical laboratory
support but characterization of ABO | measurement of ABO
inadequate in antibodies antibodies in

ABOi transplantation ABOi transplantation
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Figure 4-1. Individual Luminex beads were coupled to each ABO-A and ABO-B glycan subtype
antigen. Negative control beads included a bead coupled to BSA as well as a bead that was not
coupled with any target. A positive control bead was coupled to a-Gal. Serum or plasma was
added to duplicate wells for the addition of either IgG and IgM secondary antibody. This
example of an ABO antibody profile was from an ABO-A1/O genotyped individual with a

negative red cell hemagglutination titre against ABO-A1 erythrocytes and an ABO-B titre of
1/32.
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Figure 4-2. The Luminex assay was able to detect A glycans with more sensitivity than the

microarray assay; this increased sensitivity was observed most clearly in the lower
concentrations of antibody.

96



Anti-A-IIV Anti-Adll Anti-A-lll Anti-A-V Anti-B-I

— 196 19G 19G 1gG
p<0.0001 =0.0001 p<0.0001 $<0.0001

30000 Z 30000

20000 20000
T —
= o L

10000 ° 10000

@
&
0 0 _— =
— ABO-O ABO-B ABO-O ABO-B ABO-O ABO-B ABO-O ABO-B ABO-O ABO-A
Anti-A-ll/NNV Anti-A-ll Anti-A-lll Anti-A-IV Anti-B-ll
IgM IgM IgM IgM
ns ns

30000 30000

I M — 20000 20000
g z z
= =

10000 10000

0 0 0 0 —-—
ABO-O ABO-B ABO-O ABO-B ABO-O ABO-B ABO-O ABO-B ABO-O ABO-A

Anti-A

Figure 4-3. There was a wide range of IgG and IgM anti-ABO antibodies in healthy adult
individuals across the ABO-O, -A, and -B blood groups. ABO-O individuals (n=68) produced

higher levels of IgG anti-A than ABO-B individuals (n=17), and higher IgG anti-B compared to

ABO-A individuals (n=48). In contrast, IgM isotype anti-A and anti-B antibodies did not vary
based on the ABO blood group.

97



Anti-AlgG Anti-A IgM
ns
300004 o 30000 ns
dp (o]
¥ 00 .
20000 é«g 0g0° 20000  ~ o
LEI- mdpg oOo LEL ..-‘ :
100004 oo ©08° 10000 - me
QP Og -? .I.
@© (o] I.==I
o2 0 E
Female Male Female Male
ABO-O ABO-O
Anti-B IgG Anti-B IgM
ns
30000 - 30000 - ns
20000 - 20000 -
TH T
= =
10000 - 10000 -
0 T S | 0 I 1

Female Male

Female Male

Figure 4-4. In sera from ABO-O individuals, there were no significant differences in the level of
ABO antibodies between females (n=47) and males (n=21). Anti-A was an average of A-II, III,
and IV subtype-specificities; anti-B is only B-II subtype-specificity.
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Figure 4-5. It is common for ABO-A individuals to have high levels of IgG and IgM anti-A-
trisaccharide antibodies but comparatively low levels of antibody to A-II, 111, and IV subtype
glycans. ABO-B individuals are unlikely to have either anti-B- trisaccharide or anti-B-II

antibodies.
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Figure 4-6. Sera were tested in parallel by red cell agglutination and Luminex panel analysis
(n=119). There was a wide range of IgG and IgM antibody within each red cell agglutination
antibody titre.
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4.8 Supplemental figures
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Supplemental Figure 1 (4-S1): The A and B glycan subtype coupling was highly consistent for
a beads as shown here with this bead coupling confirmation data. The presence of antigen was
confirmed with Immucor anti-A and anti-B Novoclone reagents.
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Supplemental Figure 2 (4-S2): The positive control serum results from 24 individual runs

shows excellent reproducibility. These results are shown as the mean +/- the 95% confidence
interval.
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Supplemental Figure 3 (4-S3): There were no observed differences between IgG and IgM a-

Gal antibody levels (n=132). There were also no differences by sex (n=83 females and n=49
males)
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Supplemental Figure 4 (4-S4): The levels of IgG and IgM antiobdies were compared to titres in
only the ABO-O individuals (n=54).The same variability was observed as shown in Figure 6.
Hemagglutination titres were compared for ABO-O individuals (n=54)
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Chapter 5:

Discussion

5.1 Overview of findings

The unique immunology of young children allows transplant opportunities such as ABO1 heart
transplantation and simultaneously creates a compelling need for pediatric studies. The data
presented in this thesis highlight three distinct areas in which a focus on pediatric transplant
research is of key importance. First, we demonstrated a different risk for HLA antibody
production following VAD implementation in children as compared to adults. Second, we
demonstrated the apparent production of AT1R antibodies in a higher proportion of children than
previously reported in adults, both transplant patients and non-transplant controls. Importantly,
however, we also demonstrated potential interference in the most commonly used commercial
assay. While this work did not include adult populations as a comparison group, there are known
differences in potentially interfering substances between children and adults that may explain
this finding. Finally, the developmental inability of infants to mount immune responses to glycan
targets provides an opportunity to cross ABO barriers to expand donor availability, but further
advances are limited by current techniques for ABO antibody detection. The Luminex bead-
based ABO antibody characterisation method developed here provides many advantages over
hemagglutination; this assay can be readily implemented into the clinical histocompatibility

laboratory as the expertise, equipment, and patient samples are already in place.
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5.1.1 Main Findings from Chapter 2

Previous studies on the degree of HLA sensitization in patients undergoing VAD support have
reported variable results.(Alba et al. 2015; Askar et al. 2013; McKenna David H et al. 2002;
O’Connor et al. 2010) This inconsistency may be impacted by the evolution of HLA antibody
detection methods, and thus the sensitivity of testing, as well as advances in transfusion practices
such as leukocyte reduction strategies. A role for blood product exposure during VAD therapy
on the development of HLA antibodies has also not been definitively established or refuted.(Alba
etal. 2015; Askar et al. 2013; McKenna David H et al. 2002; Moazami et al. 1998). Our
retrospective study compared adult and pediatric patients from the same centre with identical
histocompatibility testing practices and transfusion practices. We found that pediatric VAD
patients were significantly less likely than adults to produce HLA antibodies. Additionally, we
observed that antibodies specific to class I HLA structures were not elevated in either VAD
population. The vast majority of de novo antibodies with VAD therapy were detected within 30
days of implantation, the same timeframe during which the largest quantities of blood products

were administered.

5.1.2 Main findings from Chapter 3

Although ATIR antibodies have emerged as a potentially damaging factor in adult organ
transplantation, the frequency of AT1R antibody production in pediatric populations has not
been widely reported. Our study showed an apparent high frequency of AT1R antibodies in
pediatric heart transplant patients as well as pediatric non-transplanted controls compared to
historical studies in adult kidney transplant recipients. Importantly, however, our additional

findings in this study call into question the specificity of the commercial ELISA assay used in all
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but the original paper reporting the relevance of AT1R antibodies in transplantation. When sera
were retested following adsorption with a reagent commonly used in histocompatibility
laboratories to reduce non-specific binding, 75% of samples positive for AT1R antibodies
converted to negative. This same adsorption protocol did not remove the AT1R reactivity from
the positive control or the assay calibrators. Neu5Gc glycans were detected on the adsorption
microparticles and this same glycan is known to be expressed on CHO cells used to generate the
ATI1R antigens used in the assay. Non-specific binding in the commercial AT1R assay may be
due, at least in part, to anti-Neu5Gc antibodies; use of this common adsorption reagent will

improve the assay specificity.

5.1.3 Main findings from Chapter 4

ABOI heart transplantation is possible in infancy and early childhood due to the normal delay in
development of immune responses to glycan antigens. The clinical method currently used to
determine eligibility for ABOi pediatric cardiac transplantation (and all ABOi transplantation) is
the red cell agglutination test. This assay is plagued by low reproducibility. (Datta et al. 2021;
Kahlyar et al. 2022) Additionally, erythrocyte agglutination cannot distinguish antibodies with
specificities for ABH glycan subtypes. This method limitation is relevant to cardiac
transplantation because red cells are decorated with a different ABH glycan repertoire than
vascular endothelium of the heart graft. Thus, an ABO-A erythrocyte agglutination titre could be
high due to antibody specificities that are irrelevant to the cardiac allograft. Access to
transplantation from ABOi donors increases options for these children for whom too few ABOc
donor organs are available and waitlist mortality is high.(Almond et al. 2009; Singh et al. 2011)

A Luminex bead-based single glycan subtype-specific antibody assay was developed and
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validated as an alternative to the red cell agglutination method of assessing ABO antibodies in

pediatric heart transplant candidates.

5.2 Strengths and limitations

5.2.1 Strengths and limitations from Chapter 2

The single-centre design of this study with a highly active VAD program offered some
advantages. The pediatric and adult patients were collected at similar time points and the HLA
antibody assessment was performed by a single histocompatibility laboratory. Similarly, a single
transfusion medicine laboratory provided all blood products, which simplified the collection of

extensive transfusion data.

It has been reported that following VAD implantation, non-specific antibody patterns in HLA
solid phase antibody analysis can be observed. (See et al. 2017) These antibody results were
analysed as per standard clinical practice, reviewing for epitopes and ruling out non-specific
patterns. Some of the retrospective data were from an earlier time point in the use of this solid
phase, single antigen bead antibody testing and these data were all reviewed for consistency in

reporting of antibody patterns.

For patients who proceeded to transplantation, all transplants were performed at the same
transplant centre, which facilitated the collection of pre- and post-transplant outcomes. Another
finding of this data collection that was not reported in the Chapter 2 publication was that it
provided an opportunity to cross-reference the information regarding sensitizing events of

transplant patients from the local VAD registry as compared to the information provided to the
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histocompatibility laboratory. It is the practice of our facility that a sample is sent to the HLA
laboratory 30 days following VAD implant to allow for detection of de-novo HLA antibodies or
any change in antibody status following this event and/or the accompanying transfusions.
Despite this practice, our study noted that a post-VAD sample was not sent to the HLA
laboratory for more than 10% of pediatric patients; additionally, 30% of samples that were
collected post-VAD were sent with no indication of the VAD implant. Furthermore, 43% of
patients proceeded to transplant with the HLA laboratory unaware of the VAD implant. This
information is critical to appropriate sample handling and antibody testing algorithms as well as
sample selection and crossmatch at the time of a donor offer. As a direct result of our study,
communication with the transplant program was improved. Specifically, the form used at the
time of patient activation was edited to add questions related to VAD history. This important

system improvement process was also published. (Khoury et al. 2021)

There were also limitations to this study. As is the case for most adult VAD studies, the number
of adult female subjects is low as compared to men, which did not allow for sex-based analysis
of the adult study population. Pregnancy history information was also not available for two
female subjects who did not proceed to transplant. As the study was retrospective in nature, the
time collection points were slightly variable despite pre-determined orders for post-VAD sample

collection.

5.2.2 Strengths and limitations from Chapter 3
The ATI1R antibody study had several strengths. This work benefitted from the use of one single
lot number of reagents, which removed lot-to-lot variability in testing. At the initiation of the

study, stored American Society for Histocompatibility and Immunogenetics (ASHI) external
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proficiency testing samples were used to confirm that test results were comparable to those from
another centre. The availability of age- and sex-matched non-transplant control samples for

comparison to the transplant patient population was an additional strength.

It is a limitation of this study that the median age of patients and controls was less than five
years. This cohort was not an unreasonable reflection of the age range of children undergoing
cardiac transplantation but it did not enable specific study of adolescent patients. We did not see
an association with sex but it has been reported in a large prospective study by Lefaucheur et al
that adult female kidney transplant recipients are more likely to develop ATIR antibodies than
males. (Lefaucheur et al. 2019) It has also been shown that AT1R antibodies are not associated
with pregnancy. (Honger et al. 2014) It is known that females develop more autoimmune disease
than males (Klein and Flanagan 2016; Ngo, Steyn, and McCombe 2014). Therefore, it is possible
that females could be more likely than males to produce ATIR antibodies in pediatric
populations as well. Sex differences in AT1R antibody status may emerge during adolescence, as

reported for sex-based differences in allo-immunity (Foster et al. 2021; Lepeytre et al. 2017).

One of the limitations of the adsorption aspect of this study is that only cardiac transplant
pediatric patients and controls were included. We have developed collaborations with Dr. Kelley
Hitchman, University of Texas Health San Antonio, whose laboratory performed the same
adsorption protocol in pediatric and adult renal transplant patients (preliminary results shown
here in Figure 5-1). It is reassuring that similar findings have been observed by others utilizing
this adsorption method in AT1R antibody testing with this commercial assay. Our comparison

between adult and pediatric patients revealed that children were more likely to have ATIR
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antibodies, but these decreased to a negative status post-adsorption in the majority of cases. A
previous study of pediatric renal transplant patients, which also included non-transplant controls,
showed that there was a high proportion of AT1R antibody positive pediatric patients and also
that the pediatric controls had higher levels of ATIR antibody as compared to adult controls.
(Bjerre et al. 2016) However, this study did not consider pediatric-specific issues with the ELISA

antibody detection method.
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Figure 5-1. Pediatric renal transplant patients have higher pre-Adsorb Out™ levels of AT1R
antibodies as compared to adult renal transplant patients. All samples showed a reduction of
ATI1R antibody levels following adsorption although pediatric samples have a more striking
reduction than adults. All samples are post-transplant. The upper red hashed line represents the
17 U/mL threshold and the lower line the 10 U/mL negative threshold.

Figure and data shared with permission from Dr. Kelley Hitchman.

5.2.3 Strengths and limitations from Chapter 4

The bead-based Luminex ABO-antibody assay overcomes several limitations of the erythrocyte

agglutination method of ABO-antibody assessment, most notably antibody subtype specificity,

isotype determination, and reproducibility. This assay builds on the glycan array method that was
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evaluated in a pediatric heart transplant population. (Jeyakanthan et al. 2016). The same source
of A and B subtype glycans was used, but the antigens were coupled to Luminex beads rather
than applied onto glass slides. Bead manufacturing could be done in the lab, avoiding the need to
send antigens to a third party to produce the assay. Figure 2-2 demonstrates that the sensitivity
of the Luminex assay is comparable to or better than the array, particularly in the lower range of
antibody detection. The bead-based assay is also quicker to perform than the microarray and
easier to run as a stand-alone test. The ability to run a single, rapid test is important in the clinical
laboratory as transplant patients may need to be listed urgently for transplant and/or assessed

rapidly for antibody-mediated rejection.

Many of the strengths of the Luminex ABO antibody assay mirror those of solid phase, single
antigen bead HLA antibody testing. HLA antibody testing evolved from a cell-based,
complement-dependent, cytotoxicity assay to an ELISA assay, then a flow cytometry-based
method to the multiplex Luminex assay currently used globally. (Gebel and Bray 2010; Tinckam
2009) The many lessons learned historically through this process can be applied to the validation
and implementation of the ABO Luminex antibody assay, and the HLA community is well-

versed in use of Luminex technologies.

Another strength of this assay is the reproducibility of the results. In addition to the positive
control data shared in Supplemental Figure 2.2, a multicentre validation trial was performed.
Well-characterized sera (n=10) as well as the ABO bead panel, all reagents, and a standard
operating procedure was sent to eight histocompatibility laboratories across Canada, the US, and

Europe. Excellent concordance was observed amongst the MFI results. The results of the testing
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of the positive control serum from the 8 sites as well as our local testing of this control are shown

in Figure 5-2. Despite this being the first use of this assay, and variations in wash methods as

well as Luminex machines, the results showed high concordance amongst the centres. (Halpin et

al. 2018) These findings are especially relevant to pediatric heart transplant studies as multi-

centre trials are particularly needed for ABOi pediatric heart transplant research due to low

numbers of patients transplanted at each centre.
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Figure 5-2: The positive control serum tested in nine different laboratories showed strong
reproducibility of results using the Luminex bead-based method.

The study presented here was focused on analysis of healthy adult sera as a first step in assay

development.

Our data provide valuable information about ABO antibody patterns and

comparison to standard agglutination titres but this is not the ultimate intended population for

this thesis. Thus, this assay was also used to measure ABO antibodies in 31 patients under the

age of 24 months awaiting heart transplantation. These data are preliminary as a complete
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transfusion history must be collected before ABO antibody levels and isotypes can be fully

interpreted, but the results are presented here for discussion.

The ABO antibody patterns in these children were diverse. The presence of passive maternal IgG
antibodies was seen in sera from very early time points (Figure 5-3). In ABO-O individuals IgG
anti-A antibody levels were significantly higher than anti-B levels (p<0.0001) although IgM anti-
A and anti-B levels were not significantly different. [gM isotype antibodies did not appear to
precede IgG antibodies. The evaluation of anti-B antibodies in both O and A individuals revealed

higher levels of anti-B in ABO-O as compared to ABO-A patients (Figure 5-4).
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Figure 5-3: A-II and B-II subtype-specific antibody profiles for patients up to 24 months of age.
Antibodies specific for A-II and B-II alone were assessed as these are the only relevant glycan
subtypes in cardiac transplantation.
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Figure 5-4: Anti-B-1I were compared in ABO-O vs ABO-A individuals.
B-II antibody alone was assessed as this is the only relevant B-glycan subtype in cardiac

transplantation.
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Hemagglutination titres vs Luminex MFI values were compared in 56 samples from this patient

cohort (Figure 5-5). There were unexpected findings in that some high titre samples had low

MFT values detected. Testing of sera from these outliers was repeated with the same results. Red

cell allo-antibodies other than ABO antibodies, such as anti-M, can react at room temperature in

the absence of anti-human globulin.(Yudin and Heddle 2014) The presence of other erythrocyte

allo-antibodies was ruled out using a three-cell red cell screening panel (PanoCell, Immucor) in

17 outlier samples with sufficient available sera; these results were all negative suggesting that

the ABO titre is not falsely increased by other known erythrocyte allo-antibodies.

Conversely, there were several sera with high MFI values and low anti-A and/or anti-B titres.

For example, the anti-A titre for one serum sample was negative yet I[gM anti-A antibodies were

detected by Luminex at a MFI level greater than 15,000. This specific patient had also received a

blood transfusion on the day of sample collection. It is possible that passively acquired
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antibodies were detected by the bead-based assay, but it is unclear why blood donor anti-A

antibodies would not also be detected by the agglutination test.

IgG and IgM MFI vs Hemagglutination Titres
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Figure 5-5: There is diversity of ABO antibody in each titre that differs from a similar adult
sample comparison in Figure 4-6. High titres of antibody A-II, III, and IV antibody MFI was
averaged to estimate the reactivity to ABO-A red cells used for agglutination testing while B-I1
alone was used for the ABO-B MFI; this is based on known representation of ABH glycans on
red blood cells.

To explore the impact of transfusion on detection of ABO antibodies, a single patient with
several documented transfusion events as well as multiple time points of Luminex antibody
detection was examined more closely (Figure 5-6). This patient received transfusion of 560 mLs
of red cell product and 150 mLs of platelets from ABO-O donors within 7 days of the final ABO
antibody data shown here. These data suggest that passive antibody from erythrocyte transfusion
may be more readily detected by the Luminex bead-based assay than the agglutination test. This
patient also received many albumin transfusions but the impact of this blood product on
detection of ABO antibodies by the agglutination test or the Luminex assay is unknown; the

Luminex assay BSA control bead was negative for these samples suggesting that there is not a

high background due to albumin reactivity. These passive antibodies shown in Figure 5-6 may be
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clinically relevant therefore transfusion history may be essential to the interpretation of Luminex
ABO-antibody results. As noted above, it is unclear why ABO antibodies in transfused blood

products would not also be detected by the agglutination test.
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Figure 5-6: ABO antibody data from an ABO-O infant awaiting heart transplantation. The
discrepancy between anti-A and anti-B antibody titres and MFI values may be a result of passive
antibody from the blood product donor or the interference of albumin infusion in either the ABO
titre or the Luminex assay. Titre is shown as ‘0’ (negative with all red cells), ‘Undi’ (positive
only with undiluted serum), or 1/8 (positive up to and including the 1/8 serum dilution).

5.3 Future Directions and Practical Applications

5.3.1 Future Directions and Practical Applications for Chapter 2

The use of VAD therapy continues to be an important bridge to transplantation(Javier Delmo,
Javier, and Hetzer 2020). As such, it is important to understand the impact on the development of
HLA antibodies as these antibodies complicate donor selection. A similar retrospective study

with methods similar to ours, but in an adult cohort, reported that presence of HLA antibodies

before VAD implantation was the biggest predictor for the development of HLA antibodies after
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VAD implantation but like our study had few adult female subjects (15% female) therefore the

effect of sex and/or pregnancy in an adult cohort could not be measured.(Elkind et al. 2020)

Larger, prospective studies will enable more consistent sample collection time points, and for
adult studies, could be designed to be more sex-balanced. In addition, memory B cell assays
could be incorporated into study protocols to provide new insight into the role of immune
memory and the development of HLA antibodies in the setting of VAD therapy. Assays such as
those developed in Leiden utilize smaller volumes of blood and can be done using Luminex
beads to test B cell supernatants.(Karahan et al. 2018). More thorough sensitization history
would also enhance these VAD alloimmunization studies to include data such as pregnancy
history, detailed historical and VAD-related transfusion data, as well as a history of transplanted

tissue such the homografts used in pediatric cardiac surgeries.

Of note, the adolescent pediatric VAD patient population may have unique immune function and
may warrant specific study in this area. Although no sex-based differences were seen in the data
presented in Chapter 2, the median age was only 3.38 years. A multi-centre trial may be required

to study this specific population due to low numbers in individual centres.

As was done in the work presented in Chapter 2, consideration for non-specific reactivity in the
HLA panels following VAD therapy is important in these studies. In addition to seeking HLA-
specific patterns, further investigation to the cause of non-specific reactivity is needed. It has
been proposed that high background in HLA solid phase antibody assays is due to exposure to

biomaterials and T cell activation.(Itescu and John 2003). Further study would provide the
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clinical laboratory with more insight into how to mitigate non-specific HLA antibody patterns
and may also shed some light on test method interferences in the ATIR antibody assay used in

Chapter 3.

5.3.2 Future Directions and Practical Applications for Chapter 3

Conclusions amongst studies investigating the role of AT1R antibodies in transplant outcomes
have been discordant. Some studies reported an association with antibody-mediated rejection
whereas others found an association with cellular rejection, and others reported no association.
(Fichtner et al. 2018; Kim et al. 2018; Lefaucheur et al. 2019; Pinelli et al. 2017). One centre
initially reported an association between ATIR antibody and rejection but went on to publish a
follow-up study where this association was no longer observed. (Deltombe et al. 2017; Giral et
al. 2012). Inclusion of additional method controls such as a ‘no antigen’ or ‘blank’ well may
reduce these types of conflicting reports. Routine use of the AdsorbOut treatment protocol may
also provide a valuable tool to explore the true clinical relevance of AT1R antibodies pre- and
post-transplantation. Pediatric populations may especially require these types of controls due to
the presence of higher levels of anti-BSA antibodies as well as other naturally occurring
antibodies vs adult populations that may cause interference in solid phase assays. (Gao et al.
2017; Rothberg and Farr 1965)

There is overlap between ATIR antibody and HLA antibody assays in this regard as VAD
studies have also reported a role of anti-BSA antibodies driving non-specific reactivity in solid
phase HLA antibody assays. (Newell et al. 2006) This finding may be especially relevant to
pediatric heart transplant patients who have undergone VAD therapy; inclusion of anti-BSA

antibody testing in these studies may assist with interpretation of the results.
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We did not report on the impact of VAD implantation on AT1R antibody levels because the
number of patients who had received an implant was low (n=9 of 42 patients, 21%) and the date
of implant relative to AT1R antibody testing varied. However, 100% of the VAD patients had

detectable AT1R antibodies pre-transplant when no adsorption was performed; the majority of

the patients had AT1R antibodies 2 40 U/mL. When analysing sera without serum adsorption,

there was a statistically significantly higher proportion of VAD patients with AT1R antibodies as
compared to patients who did not receive a VAD (p<0.01). Following adsorption, four of the
nine patients remained positive which is a slightly higher proportion of the patients tested with
and without adsorption overall although this is not a statistically significant difference. It is
possible that VAD implantation increases the presence of interfering substances and/or true

ATI1R antibodies but more study is needed.

The presence of non-specific reactivity to solid phase HLA platforms following VAD implant
has been reported and was mitigated in the Chapter 2 HLA antibody study. (Nikaein et al. 2012)
In the HLA antibody study it was possible to evaluate for the presence of non-specific reactivity
due to the presence of negative antigen beads as well as known true HLA epitope patterns of
reactivity. With the advent of additional commercial assays for non-HLA antibodies, similar
consideration must be given to assay specificity. It has been reported that broad, high levels of
reactivity were observed in Luminex panels for non-HLA antibodies after VAD implantation.
(Askar et al. 2020) This study concluded that VAD patients often develop high levels of
antibodies to many non-HLA targets and proposed that there may be an increased inflammatory
state triggered by these devices. Perhaps patients who have undergone VAD therapy are

particularly prone to non-ATI1R reactivity in the commercial assay. This effect may be driving
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the positive AT1R antibody status in VAD patient cohorts and may explain the large increase in
the proportion of patients found to be positive for ATIR antibody following VAD implant with
no reported difference in cellular or antibody-mediated rejection post-transplant.(Urban et al.
2016). It is also possible that VAD implantation does result in development of true ATIR
antibodies via the production of microvesicles as was shown to occur in the development of anti-
perlecan antibodies in transplant recipients. (Cardinal et al. 2013; Yang et al. 2016). The inability
to distinguish true from non-specific AT1R antibodies in the commercial assay used in every
transplant study may be masking this antibody as an analyte of importance. This issue may be
exacerbated in pediatric populations due to the increased levels of anti-BSA, as well as other
potentially assay-interfering antibodies, in children as compared to adults. (Gao et al. 2017;

Rothberg and Farr 1965)

Clinical laboratories are required to participate in external proficiency testing programs for all
areas of testing reported. Although the ASHI Proficiency Testing Program has included ATIR as
a reportable analyte since 2016, it is still only included as an ungraded, education component of
the antibody survey. Approximately 10-12 laboratories have reported result over the past 4 years.
There has been a very low frequency of positive results from these samples with only 2/40 (5%)
of samples reported as positive over the past 3 years. This is a curious finding given that 20% of
healthy adults have been reported to be AT1R positive (Honger et al. 2014). The samples shared
for this proficiency testing exercise are not serum samples but rather recalcified and filtered
plasma collected from healthy donors (personal communication with ASHI Proficiency Program
vendor). It is possible that the sample handling protocols used for these samples removes non-

specific antibodies and thus removes non-specific binding in the ELISA AT1R assay; there are
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clear, high MFI HLA antibodies detectable by solid phase and cell-based assays in these same
samples. Parallel testing of positive AT1R results using recalcified, filtered plasma from the
same individuals would be another approach to investigate non-specific reactivity in this

commercial ELISA ATIR assay.

There is controversy regarding the nature of this ATIR ELISA assay. Many papers, including
those from the co-creator of this assay, Dr. Duska Dragun, reference this as a sandwich ELISA
method (Dragun and Philippe 2018; Reinsmoen et al. 2010) but the vendor of this assay (Cell
Trend) states that it is not a sandwich assay but rather a direct binding assay (personal
communication). Because there is no published paper describing the assay development, it may
be challenging to definitively clarify the method. But if it is, in fact, a sandwich ELISA assay,
there may be additional assay interferences such as antibody to the capture antibody and/or

increased relevance of anti-BSA antibodies. (Andersen et al. 2004; Datta 2013).

An alternate approach to detecting AT1R antibodies would be to use an assay that focusses on
peptides that are specific to the second extracellular loop of the AT1R target. There are known
peptides from this portion of the receptor which could be explored for this purpose. Reported
issues in monoclonal antibody specificities that would need to be considered for coupling
confirmation of these peptides to solid phase platforms. (Herrera et al. 2013). This approach
may also be advantageous as the specificity of the assay would be limited to the second
extracellular loop of this G-coupled protein receptor which has been reported to be the relevant
portion of the antigen vascular endothelial activation. (Luft 2013). These assays should also be

validated against bioassays and in all transplant populations, including pediatric patient cohorts.
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There has been variability in the positive threshold used to stratify results as positive and
negative in this commercial ELISA assay. There is no rationale for any given threshold in the
assay’s product insert as both studies referenced in this document claim to report cases with no
pre-transplant HLA antibody detection; one study used only complement dependent cytotoxicity
method to detect pretransplant antibodies (Reinsmoen et al. 2010) and the other used an ELISA
HLA antibody detection method (Kelsch et al. 2011). The second reference from Kelsch et al
includes retrospective HLA antibody testing by the more sensitive solid phase Luminex HLA
antibody method that do detect donor specific antibody to class Il HLA targets thus making it
challenging to determine the role of the AT1R antibody in this patient’s post-transplant outcome.
Many studies have used the 17 U/mL threshold to define positive reactivity although a large,
prospective kidney transplant study used a threshold of 10 U/ml to define positive reactivity.
(Lefaucheur et al. 2019). The lack of threshold studies has been criticized in the past but not this
limitation has not been resolved. (Tinckam and Campbell 2013) and to date there remains a lack
of consensus on the clinical relevant AT1R antibody threshold. Given that there appear to be
differences between pediatric and adult patient reactivity using this assay, future threshold

studies should include pediatic populations as a specific subset.

It is recognised that solid phase antibody detection assays should include ‘no antigen well’ to
determine background of individual samples (Terato et al. 2014) Indeed, these wells were
available in the era of ELISA HLA antibody assessment. These controls serve a similar purpose
to the negative control beads in our current Luminex bead-based assays. Clinical laboratories are
required to meet a minimum standard as part of the accreditation process. The American Society

for Histocompatibility and Immunogenetics (ASHI) is an internationally recognized leader in the
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accreditation of clinical histocompatibility laboratories. It is now, and has always been, an ASHI
standard that laboratories are required to rule out test method interferences in all assays. The
widely available assay to measure ATIR antibodies does not currently include that control
therefore does not meet ASHI accreditation standards. This assay could be adapted to include
such a control well which would greatly improve its design and allow clinical laboratories to

meet accreditation requirements.

5.3.3 Future Directions and Practical Applications for Chapter 4

Antibody analysis in the histocompatibility field was revolutionised by the advent of solid phase
antibody testing. ELISA and flow cytometry bead-based assays paved the way for Luminex
bead-based assays which quickly became the gold standard for HLA antibody determination.
(El-Awar, Lee, and Terasaki 2005; Gebel and Bray 2010; Gebel, Bray, and Kerman 2000; Patel
and Terasaki 1969; Reed et al. 2013; Tait et al. 2013). While debate persists regarding the most
accurate interpretation of these beads with regard to clinically relevant thresholds as well as
standardization and modifications to this assay, there is no denying that single antigen HLA
beads moved transplant risk assessment into a new era. (Fontaine et al. 2012; Kiernan, Ellison,
and Tinckam 2018; Middleton, Jones, and Lowe 2014; Picascia et al. 2014; Reynolds and
Tinckam 2016; Sullivan, Gebel, and Bray 2017; A. R. Tambur et al. 2018; A. Tambur, DMD,

and Wiebe 2018).

As was and is the case in HLA antibody transplant risk assessment, we will likely need to

continue to perform cell-based ABO antibody detection in parallel with solid phase assays. Flow

cytometry red cell ‘titre’ or crossmatch has been performed and may be a superior alternative to
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red cell agglutination titres for ABOi transplant risk assessment.(Kang, Lim, and Baik 2014;
Stussi et al. 2005) This method could also be performed in the histocompatibility laboratory
where this testing is already performed for lymphocyte crossmatching; the samples, equipment,

and expertise already exists in this area of the clinical laboratory.

All the same questions and lessons learned in the realm of HLA antibody detection will exist
when considering the application of this new ABO assay:
1. Cell based vs virtual crossmatch result and clinical significance of each
ii.  Reproducibility
iii.  Threshold for positive results
iv.  Knowledge of and mitigation of interfering substances such as [VIg
v.  Non-specific antibody due to antigen confirmation differences from biologic state

vi.  Complement interference

1) Regardless of the cell-based method of ABO antibody determination, there will be a
need to determine clinical relevance of positive Luminex bead-based solid phase
antibody detection in the presence of low or negative antibody titre in the cell based
platform(s). But flow evaluation of ABO antibodies using red cell targets will not
address the subtype specificity limitation of using cells. Much like the HLA antibody
evaluation by single antigen bead, the subtype specificity is only possible on
platforms such as the Luminex system.

i1) The superior reproducibility of ABO antibody detection on the Luminex platform has

already been established in these studies. Further evaluation of this antibody method
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could easily be carried out in the Canadian Blood Services HLA working group with
national exercises involving all HLA laboratories across Canada. This type of
national standardization of the assessment of antibody is already part of the mandate
of our transplant registry programs.

1i1) The most efficient way to determine the biologically relevant levels of ABO
antibodies in ABOi transplantation is to perform retrospective studies where stored
samples are available from ABOI transplant recipients and short and long-term
outcomes are known. There is evidence that ABOi transplants can be safely
performed in several large meta-analyses but there are also cases in which ABOi
transplants had a poor outcome. These cases could begin to inform the clinically
relevant levels of ABO antibody.

1v) Solid phase assays are known to be plagued by the test method interferences created
by therapies used in transplantation. The use of intravenous immune globulin (IVIg)
in desensitization is an example of such an interference. We have tested several IVIg
preparations and found that they all have high levels of detectable ABO antibody.
Figure 5-7 shows the results from a vendor that is purported to reduce the level of
ABO antibodies. There are clearly remaining anti-A antibodies although antibodies to
some A targets such as A-trisaccharide and A-II appears to have been reduced. The
A-III and A-IV antibodies are relevant to renal epithelial cells. (Bentall et al. 2021)
Anti-thymocyte globulin could also contain ABO antibodies but this antibody
preparation has not yet been tested on the Luminex ABO antibody platform.

V) A challenge in Luminex bead-based HLA antibody detection been the detection of

antibodies to cryptic epitopes on the antigens bound to the beads. While glycans will
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Vi)

not have quite the same challenges as have been experienced with complex MHC
protein targets, it is possible that modifications of ABH glycans in tissues such as
those by sialic acids may create tissue glycotopes that differ from the tetrasaccharide
structures bound to the Luminex beads. Monoclonal antibody flow and
immunohistochemistry studies suggest that may not be the norm but it cannot be
ruled out as a possibility. It is also possible that polymorphisms in the H
glycosyltransferase FUT1 will result in downstream modifications to the A and B
glycans resulting from each of these respective transferases. Further development of
monoclonal antibodies as well as flow cytometry studies of cells,
immunohistochemistry studies of multiple tissues, and sequencing of the ABH-related
genes will provide discovery in this area.

Complement interference has been shown to be a cause of false negative antibody
results in the measurement of HLA antibodies in Luminex single antigen bead-based
methodologies which can be addressed through the use of serum dilution or use of
EDTA treatment of serum. (Brian 2016; Irure et al. 2017; Sullivan et al. 2017;
Tambur et al. 2015) The presence of sometimes high levels of IgM ABO antibodies
suggests that complement should in evaluated as a potential source of falsely low
ABO antibody detection. We compared several high MFI sera samples to EDTA
plasma and did not observe this phenomenon. Perhaps the 1/25 dilution of the serum
samples prior to incubation on the beads mitigates this technical issue. Further studies
using Melon column to remove IgM antibodies could be performed to confirm that
IgM antibodies are not blocking the ability of IgG antibodies to bind to the beads

and/or binding C1q which also could block IgG antibody binding.
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Figure 5-7: Evaluation of [VIg antibody composition

Currently pediatric heart transplant recipients are considered for ABOI1 transplant if anti-A and
anti-B titres are low. Use of this tool could potentially increase the window of opportunity for
ABOI transplantation and provide allograft-relevant, glycan A-II and B-II subtype specific
antibody data. Patients who are undergoing desensitisation therapy to reduce HLA antibody
levels will also experience a decrease in ABO antibody levels as these therapies are not specific
to HLA antibodies. This Luminex ABO antibody tool could be used in tandem with HLA
antibody detection tools during the course of desensitisation to monitor both HLA and ABO
antibody levels. If ABO antibodies have decreased along with the HLA antibodies, this could
provide excellent opportunity for ABOI transplant to increase the donor pool for patients who
will struggle to find an HLA-compatible donor. This bead panel could also be used in the setting

of ABO-A2 into ABO-O and ABO-BB patients. ABO-A2 donors have lower levels of A glycans
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therefore the ABO-A1 reagent red cells used for the titre may detect clinically irrelevant

antibodies that could rule out ABOi transplant unnecessarily.

When crossing antibody barriers in the setting of pre-formed ABO antibody (i.e. non-infant
ABOI transplants) it would be valuable to better understand memory responses to ABH glycans.
This Luminex tool could be used to assess ABO memory B cells in the setting of a polyclonal
stimulation of memory B cells. (Karahan et al. 2018; Karahan, Claas, and Heidt 2015) This bead
panel could also be used to investigate the IgG subclasses of ABO antibodies. (Jackson et al.

2020)

As even in young children there can be detectable ABO IgG antibody. For patients with

predominantly IgG antibody pattern, use of imlifidase (Ides) could allow this antibody barrier to

be safely crossed. This tool works well with imlifidase as is shown in Figure 5-8
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Figure 5-8: Sera were treated in-vivo with imlifidase. IgG antibodies reduced but IgM remained

similar in MFL.

Anti-sera reagent vendors could utilize this bead panel as part of manufacturing quality control.
As an example, Figure 5-9 shows that the ES-15 clone, reported to be anti-A,(B) does not
actually detect ABO-B targets as expected. (Moore et al. 1984) Rather, this monoclonal appears
to have higher reactivity with A glycans as compared to a commonly used anti-A anti-sera
(Novoclone) which may explain its ability to agglutinate red cells with low ‘expression’ of A
glycans such as ABO-Ax. It is also possible that this clone reacts with H targets as well as the A
targets; this theory could be explored by including H targets in the bead panel. Additional ABO
antisera and monoclonal antibodies could be tested on this platform. These beads could also be
useful in the characterisation of new monoclonal antibodies and define ABH glycotopes in
absorption studies. Accuracy of ABO typing of the cardiac donors in pediatric ABOi

transplantation is critical for transplant outcomes and long-term post-transplant monitoring.

127



Titration of ES-15 A,(B) clone
80000 T A
- Al
- A
A

Titration of Novoclone

X Titration of Novoclone
80000 Anti-A

Anti-B

nnnnn

- A
- A
- A
-+ A
- A
- A
A

Pedtwed

.
Treees

- AV

e
=

nnnnn

Figure 5-9: Evaluation of phenotyping anti-sera

ABO antigen typing is routinely performed by phenotyping with anti-A and anti-B antisera.
ABO genotyping assays are commercially available both at low to medium resolution typing by
gPCR as well as by next-generation sequencing. As shown in Chapter 4, there considerable
variation between ABO antibody levels, even between individuals with the same ABO blood
group (and the same agglutination titre). Correlation between ABO genotype and ABO antibody
patterns could be performed by combining genotyping and fine characterisation of ABO

antibodies using the Luminex ABO panel.

The relevance of secretor status is not known in pediatric cardiac ABOI transplantation. The A-I
and B-I coupled beads included in this Luminex panel allow for reporting of antibodies to these
secreted antigens. Genotyping of the FUT2 gene should also accompany the anti-subtype |

antibody data to confirm secretor status.
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5.4 Summary of Findings

The projects presented here support immune risk assessment for pediatric heart transplant
patients. While larger studies are more easily conducted in adult transplant populations due to
higher transplant volumes in these cohorts, findings may vary across the age spectrum. Pediatric
heart transplant patients are better served by accurate determination of their immune risk status
in pre- and post-transplant phases to enable donor selection and post-transplant monitoring for

rejection.
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Chapter 6

Index and Overview of Methods

Relevant to | Method Name Method Description*

Chapter

2 HLA Antibody Screen This method was used to screen for class I and 11
HLA antibodies. This testing was performed in
the University of Alberta, Alberta Precision
Laboratories Histocompatibility Laboratory as
standard of care testing for patients listed for
cardiac transplantation.

2 HLA Luminex Single This method was used to identify specificities to

Antigen Bead Antibody class I and IT HLA antibodies. This testing was

Detection performed in the University of Alberta, Alberta
Precision Laboratories Histocompatibility
Laboratory as standard of care testing for
patients listed for cardiac transplantation.

3 ATI1R Antibody Assay This method describes the steps used to perform
the ATIR ELISA assay testing.

3 Adsorb Out™ This method describes the protocol used to treat
the serum samples with Adsorb Out™
microparticles.

3 Neu5Gce Detection on This method details the labelling of the Adsorb

Adsorb Out™ Out™ with anti-Neu5Gc antibodies and flow
detection of this labelling.
4 ABO Luminex Bead This protocol describes the process for coupling
Coupling the A and B glycans to the Luminex beads.

4 ABO Luminex Bead This procedure is used to confirm that the
Coupling Confirmation glycans were successfully coupled to the

Luminex beads using monoclonal antibodies.

4 ABO Luminex Bead This method describes how the prepared ABO
Antibody Detection in single glycan beads are used to measure ABO
Human Samples antibodies in human serum

4 ABO Luminex Reagent This document lists the reagents used in the
Job Aid ABO antibody protocols. The Luminex coupling

kit provides all but the TBN-PBS wash buffer
and can be used in place of the in house prepared
reagents. The Luminex coupling kit is
recommended for greater reproducibility of the
coupling process and ease of use.

* A detailed purpose for each protocol is included in the SOP documents.
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Flow PRA Screen - Staining

Purpose This procedure provides information for how to perform a Flow PRA screen
for Class I and Class II antibodies.
Materials
Reagents Supplies Equipment
e Flow PRA Class I/II e Long pipette tips e Beckman Allegra 6
Screening Kit e 0.5 mL tubes Centrifuge
e Control Beads e 1.5 mL tubes e 96 Well Plate VP
e 4% Paraformaldehyde e 5 mL tubes 177A-1 Aspiration
e Distilled water from white e U-bottom plate Manifold
tap e Vortex

e One Lambda negative
control
e In-house positive control

Specimen

Quality
Control

Patient previously frozen serum from red top or gold top may be used in this
assay. An absolute minimum serum volume is 25ul. however, 50uL or
greater is the preferred aliquot volume. Sera samples should NOT be heat
inactivated as it may give a high background. Fresh serum received on stat or
priority samples should be flash-frozen and thawed before using. Previously
frozen EDTA plasma is acceptable if patient is on ECMO.

Positive and negative control sera must be included with each flow PRA
screen. The One Lambda negative control is used to determine the
background reactivity of the PRA beads. The in-house positive control serum
ensures that all reagents were added, etc. Control beads are also included with
each tube; these beads are the same beads used for Class I and II beads
however HLA antigen is NOT present. Control beads allow detection of non-
specific reactivity such as may be seen with anti-plastic/latex antibodies.

One Lambda negative control is stable for 1 week at 2-8°C after thawing.
In house positive control is stable for 2 weeks at 2-8°C after thawing.
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Procedure

Step Detail Information
1. Thaw reagentkit | 1.1. Thaw reagent kit If not already done
and warm wash 1.2. Warm stock wash buffer in 37°C | Ensures there are no

buffer

waterbath for a minimum of 10 crystals
minutes
1.3. Mix well
2. Prepare control 2.1. Pull negative and positive control | Neg control: One Lambda

and patient sera
for testing

2.2.

2.3.

2.4.

sera aliquots from fridge or
freezer

Thaw and/or aliquot patient sera
into 0.5mL tubes as per Test
Batch Worksheet

Freeze any aliquots not
previously frozen for 5 minutes at
-70°C

Centrifuge control and patient
sera

e 10,000 rpm

e 5 minutes

NC
Pos control: In house
positive sera

50uL or greater is the
preferred volume

To remove
immunoglobulin
aggregates

3. Label tray

3.1.

3.2.

3.3.

Document tray wells on the Test
Batch Worksheet

Label side of tray with bath name
and date

Circle wells to be used with
colored marker

NOTE: The Class II beads and control beads are stained with a fluorescent dye (PE) and must

be protected from light.

4. Prepare bead
mixture

4.1.

4.2.

4.3.

4.4.
45.

Label a 1.5mL tube as bead
mixture

Vortex Class I, Class II and
control beads

Prepare bead mixture as per Table
1

Vortex to mix

Store in the dark until ready to
use

Reagents from 2 kits can be
combined IF the lot # and
dot # are the same

Control beads = 1uL per
well

Class I/l beads = SuL per
well + SulL correction
factor

139




Step

Detail

Information

. Add bead mixture

and sera to tray

5.1.

5.2.

Add 10uL of the bead mixture to
each well

Add 20uL of each control or
patient sera to designated well as
per tray map

Class I + Class II + Control
beads

Ensure all samples were
previously frozen

At setting 4-5

wash buffer
(WWB)

7.2.

bottle

Prepare working wash buffer as
per Table 2

5.3. Cover tray with adhesive seal
5.4. Gently vortex tray
. Protect tray from | 6.1. Wrap tray in foil Shaker settings:
light and incubate 6.2. Incubate on shaker for 30 minutes Form =28
on shaker for 30 Amplitude =5
minutes. Time = 30
. Prepare working 7.1. Label an autoclaved 100 mL glass | 1/10 dilution

If insufficient wash buffer
in kit, wash buffer from
other kits may be used

1.8 mL dH>0 and 200 pL
of wash buffer per well

NOTE: Prepare conjugate antibody dilution near the end of the incubation.

Make working
dilution of the
FITC labeled
conjugate antibody

8.1.

8.2.
8.3.

Prepare a 1/100 dilution of the
FITC labeled conjugate antibody
as per Table 3

Vortex to mix

Store protected from the light
until ready to use

Working FITC dilution =
FITC conjugate required
+ WWB required

FITC Conjugate required
= 1uL x (samples to test +1
for volume correction)

WWB required = 99uL x
(samples to test + 1 for
volume correction)
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Step Detail Information
9. Wash tray three 9.1. Remove foil and adhesive seal It is very important to have
times from tray a thorough wash at this step
9.2. Add 150uL of WWB to cach well | ©F Weak antibodies may be

9.3.
94.

9.5.
9.6.

9.7.
9.8.

Place adhesive seal on tray

Centrifuge in the swing out tray
adapter

e 2700 rpm

e 2 minutes

Remove seal from plate

Aspirate supernatant with
aspiration manifold

Vortex tray gently

Repeat step 9.1 to 9.4 for a total
of three washes

missed

Beckman Allegra 6
Centrifuge

1500g

96-Well Plate VP 177A-1
Aspiration Manifold

10. Add FITC labeled
conjugate antibody

10.1.

10.2.
10.3.

Add 100pL of working FITC
labeled conjugate antibody to
each well

Cover tray with adhesive seal

Gently tap tray

11. Protect tray from
light and incubate
on shaker for 30
minutes.

11.1.

Protect tray from light and
incubate on shaker for 30 minutes
as per step 6

12. Store reagent kit

12.1.

12.2.

12.3.

Document the date and number of
tests used on the kit box

Document the following on the

Test Batch Worksheet:

e Flow kit lot, dot and expiry
date

e Control bead lot, dot and
expiry

Return kit box to 2-5°C for

storage

13. Prepare 0.5%
paraformaldehyde
fixative

13.1.

13.2.

Prepare 0.5% paraformaldehyde
fixative

Vortex

1/8 dilution
As per Table 4
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Step

Detail

Information

14. Wash tray three
times

14.1. Wash as per step 9

15. Add fixative

15.1. Add 250uL of 0.5% fixative to
each well

16. File sera

16.1. File control and patient sera

16.2. Document ‘Sera filed’ on

worksheet
Table 1: Bead Mixture Table 2: Working Wash Buffer
Class I Class II Control dH20 Stock Wash
Wells | Beads (uL) | Beads (uL) | Beads (uL) Wells (mL) Buffer (mL)
1 10 10 1 1 1.8 0.2
2 15 15 2 2 5.4 0.6
3 20 20 3 3 7.2 0.8
4 25 25 4 4 9.0 1.0
5 30 30 5 5 10.8 1.2
6 35 35 6 6 12.6 1.4
7 40 40 7 7 14.4 1.6
8 45 45 8 8 16.2 1.8
9 50 50 9 9 18.0 2.0
10 55 55 10 10 19.8 2.2
11 60 60 11 11 21.6 2.4
12 65 65 12 12 234 2.6
13 70 70 13 13 25.2 2.8
14 75 75 14 14 27.0 3.0
15 80 80 15 15 28.8 3.2
16 85 85 16 16 30.6 34
17 90 90 17 17 324 3.6
18 95 95 18 18 34.2 3.8
19 100 100 19 19 36.0 4.0
20 105 105 20 20 37.8 4.2
21 110 110 21 21 39.6 4.4
22 115 115 22 22 41.4 4.6
23 120 120 23 23 43.2 4.8
24 125 125 24 24 45.0 5.0
25 130 130 25 25 46.8 5.2
26 135 135 26 26 48.6 5.4
27 140 140 27 27 50.4 5.6
28 145 145 28 28 52.2 5.8
29 150 150 29 29 54.0 6.0
30 155 155 30 30 55.8 6.2
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Table 3: FITC Labeled Conjugate Antibody Table 4: 0.5% Paraformaldehyde

FITC Conjugate Wash Buffer 4% Paraformaldehyde | Wash Buffer
Wells (uL) (uL) Wells (uL) (uL)
1 2 198 1 35 245
2 3 297 2 70 490
3 4 396 3 105 735
4 5 495 4 140 980
5 6 594 5 175 1225
6 7 693 6 210 1470
7 8 792 7 245 1715
8 9 891 8 280 1960
9 10 990 9 315 2205
10 11 1089 10 350 2450
11 12 1188 11 385 2695
12 13 1287 12 420 2940
13 14 1386 13 455 3185
14 15 1485 14 490 3430
15 16 1584 15 525 3675
16 17 1683 16 560 3920
17 18 1782 17 595 4165
18 19 1881 18 630 4410
19 20 1980 19 665 4655
20 21 2079 20 700 4900
21 22 2178 21 735 5145
22 23 22717 22 770 5390
23 24 2376 23 805 5635
24 25 2475 24 840 5880
25 26 2574 25 875 6125
26 27 2673 26 910 6370
27 28 2772 27 945 6615
28 29 2871 28 980 6860
29 30 2970 29 1015 7105
30 31 3069 30 1050 7350
Method

Limitations Not Applicable
Interpretation/

Results Not Applicable

Procedural
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Notes

Additional
Information

References

The Flow PRA™ Screening Test is designed for flow cytometric screening of
panel reactive antibody (PRA) against HLA using a panel of Flow PRA™
beads, which are microparticles (2-4um in diameter) coated with purified
HLA antigens

The Flow PRA™ Screening Test provides precalibrated reagents for rapid
flow cytometric detection of PRA in human serum. Reactivity of each of
these Flow PRA™ has been confirmed by flow cytometry with human
allosera and specific HLA monoclonal antibodies. HLA antibodies in the
serum react specifically to the Flow PRA™ beads. After incubation of serum
with Flow PRA™ beads, followed by a staining with a fluorescent-labeled
anti-human IgG antibody, the anti-HLA IgG positive serum shows a
fluorescent channel shift as compared to the negative serum. Percent PRA is
represented is represented by the percentage of beads that react positively with
the serum

Flow PRA™ [ beads are non-fluorescent particles, whereas, Flow PRA™ [I
beads are fluorescent particles. The latter can be excited at 488nm, generating
a maximum emission of approximately 580nm, which is similar to
phycoerythrin (PE) and can be detected by the FL2 channel. This allows Flow
PRA™ [I beads to be separated from Flow PRA™ [ beads when they are run
together

Positive and negative control sera for the Flow PRA™ Screening Test should
be tested daily as standards for sample analysis. The percentage of reaction of
the positive serum should be consistent if the same lot of the Flow PRA™
beads and control sera is used.

Current One Lambda PRA Screening beads product insert
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Luminex Antibody Assays - Staining

Purpose This procedure provides instruction for how to stain antibody assays using the
LABScreen method for the Luminex.
Materials
Reagents Supplies Equipment
One Lambda LABScreen Polystyrene V bottom 96 Luminex cytometer
PE goat conjugated anti- well trays (Whatman, cat system
human IgG (OLI Cat#LS- #7701-2250) Centrifuge with
AB2) e Millipore vacuum trays swinging bucket rotor
e PBS (Durapore membrane Cat | ¢ Plate shaker

e Negative Control, OLI

Cat# LS-NC o
e Pos Pool 1/512
e 0.1625M EDTA working | ®

# MSBVNI1210) o
Pipettes (P5, P20, P100, o
multichannel P300, P10)
96 Well U-bottom plates

Vortex mixer

Vacuum manifold
(QIAVac) with gauge

Solution e Reagent boats

Specimen Frozen patient serum from red top or gold top may be used in this assay. An
absolute minimum serum volume is 25uL, however 50uL or greater is the
preferred aliquot volume. Sera samples should NOT be heat inactivated as it
may give high background. Fresh serum received on stat or high priority
samples should be flash-frozen and thawed before using. Previously frozen
EDTA or heparin plasma is acceptable if patient is on ECMO.

Safety See MSDS for detailed information.

Precautions

Quality

Control Negative Control serum must be included with each assay run. The One

Lambda Negative Control serum is used to determined background reactivity
of the LABScreen beads. Negative and positive control beads are also
contained with the bead mixture; the negative control bead allows for
detection of non-specific reactivity as may be seen with anti-plastic
antibodies. The positive control bead ensures that all reagents were added,
proper washing etc.

Negative Control serum is stable for 1 month at 2-8°C after thawing.

The Negative Control should be analyzed immediately after acquisition to
ensure that the MFI is acceptable before >3 hours have elapsed after staining.
Should the test run need to be re-acquired, the plate can be vacuumed and the
beads re-suspended with 80uL PBS.

145



Procedure

Step Detail Information

1. Thaw kitand | 1.1. Thaw reagent kit (if not already done) | Kits are stored at -65°C

Zvagn wash 1.2. Warm wash buffer in 37°C waterbath | " colder until first use
utter and mix well to ensure there are no
crystals

2. Create test 2.1. Create a test batch and Tray
batch and Worksheet as per ‘Creating a Batch’
print Tray SOP
Printout 2.2. Initial Tray Worksheet and document

box#

3. Prepare 3.1. Pull LS-NC and Pos Pool aliquots When a new box of LS-
controls and from fridge or thaw from freezer if NC is thawed, aliquot
patient sera necessary into three aliquots and
for testing 3.2. Thaw and/or aliquot patient sera into refreeze two Beckmans

0.4 mL Beckman tubes as per Test
Batch Worksheet
3.3. Freeze any 0.4mL Beckman tubes not To remove serum
previously frozen for 5 minutes at - aggregates
70°C Eppendorf 5417C
3.4. Centrifuge control and patient sera Centrifuge
e 10,000 rpm
e 10 minutes
4. TtaLSA run Yes No
being
6
prepared? >

Ensure test wells used and tray layout in U-Bottom plate correspond to test wells

used and tray layout on filter plate

Mix EDTA
and sera in 96
Well U-
Bottom plate.

5.1.

5.2.

5.3.

5.4.
5.5.

Add 500 pL of 0.1625M EDTA to
reagent boats

Add 1.5uL of 0.1625M EDTA U-
Bottom plate as per Tray Worksheet

Add 28.5puL of sera and control to U-
Bottom plate as per Tray Worksheet

Mix tray by gently tapping
Discard unused EDTA in boat

Prepare 0.1625M EDTA
if necessary as per
‘Reagent Preparation’
SOpP

Unused EDTA are never
poured back into tube to
avoid contamination
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9.2. Quick spin the vial
e 5 seconds
e 2600 rpm

9.3. Vortex beads for 5-10 seconds prior
to aliquoting.

Step Detail Information
6. Make working | 6.1. Make working dilution of wash Dilute 1/10
dilution of buffer using ‘Luminex Antibody Job
wash buffer Aid’
7. Prepare and 7.1. Ensure plate is not chipped or
soak filter cracked before using
plate 7.2. Document start well on Tray Always start at the top of
Worksheet if not beginning in 1A the tray (row A)
(ie. re-using a tray)
7.3. Cover any unused wells with
adhesive plastic cover
7.4. Add 300uL of wash buffer to test
wells using a multi-channel pipette
and Biohit 300uL pipette tips
7.5. Incubate for 10 minutes at room
temperature.
8. Check 8.1. Using a practice tray and tap water, | Pressure should not
vacuum ensure vacuum manifold has been set | exceed
manifold to the correct pressure. 135mbar(100mmHg) and
wh11e'ﬁlter 8.2. Make adjustments if necessary it shoul.d take
plate is approximately 5-6
soaking seconds for liquid to go
through the filter
9. Prepare beads | 9.1. Mix bead gently vial by inversion

To remove beads from
lid

10. Dilute LSA

beads ONLY

10.1. Make up LSA bead dilution in a
200uL tube as per ‘Luminex
Antibody Job Aid’

10.2. Gently vortex to mix

70% dilution

Vortex setting 2 - 3

NOTE: The plate cannot be allowed to dry out between steps once the soaking procedure

is underway
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Step

Detail

Information

11. Aspirate
buffer from

11.1. Aspirate wash buffer from test plate
using vacuum manifold

Pressure should not
exceed

test plate 11.2. Clamp vacuum tubing after all liquid 135mbar(100mmHg)
has gone through the filter Vacuum should take
approximately 5-6
seconds
12. Add beads 12.1. Add 5uL of (diluted) beads to each Add beads to the side of
test well well to avoid puncture of
12.2. Mark the # of tests used on the kit filter
box
13. Add sera to 13.1. LumPRA: Add 20uL of neat sera to
tray the test well as per Tray Worksheet
13.2. LSA: Transfer 20uL of EDTA
treated sera to the test well in the
filter plate as per Tray Worksheet
14. Cover and 14.1. Cover plate with adhesive foil strip Acceptable Temp=20-
incubate and wrap in foil to protect from light | 25°C
14.2. Incubate tray for 30 minutes on a
rotating platform at 200 rotations per | Form = 28
minute Amplitude(Mode) =5
14.3. Document temperature on tray Time =30
worksheet
14.4. Store unused reagents in the dark at

2-8°C

15. File control

15.1. File control and patient sera

::ip atient 15.2. Document ‘Sera filed’ on worksheet
Perform Step 16 near the end of the incubation in step 14
16. Prepare 16.1. Retrieve stock conjugate from walk- | Store at 2-8°C. Do not
working in fridge freeze.
dlh.lg 0(111 of 16.2. Prepare 1/100 working dilution of Adust the volume of
ant1' ody conjugate as per ‘Luminex Antibody | antibody conjugate made
conjugate

Job Aid’
16.3. Mix well
16.4. Store in the dark at RT until use

16.5. Return stock conjugate to walk-in
fridge

depending on the number
of samples tested

Room temperature

148



Step Detail Information
17. Wash the tray | 17.1. Remove tray from the rotating
five times platform and carefully remove the
adhesive cover Do not add wash buffer
17.2. Add 150uL of wash buffer to each to unused wells
test well
: . . Pressure should not
17.3. Mix by gently tapping the side of the exceed 135mbar.
tray
. . Vacuum for
17.4. Aspirate the ?;als(}ll buffer using the approximately 5-6
vacuum manifold. seconds
17.5. Clamp vacuum tubing after all liquid
Do NOT let plate d t
has gone through the filter © SEPEEEe G 0K
17.6. Repeat steps 17.2 to 17.5 four times,
adding 275uL of wash buffer
(instead of 150uL) for a total of 5
washes
18. Add diluted 18.1. Add 100puL of diluted conjugate to
antibody each assigned well
gonjggate and 18.2. Cover the plate with adhesive cover
incubate then wrap in foil to protect from light
18.3. Incubate tray for 30 minutes on a
rotating platform at 200 rotations per
minute
19. Prepare 19.1. Import test batch worklist into
Luminex for Luminex software as per ‘Luminex
Acquisition Antibody Assays- Acquisition” SOP.
20. Wash the tray | 20.1. Repeat step 17
21. Re-suspend 21.1. Add 80uL PBS to each test well Remixing is required if
E?;SS . 21.2. Carefully mix each well without E“}re than 4, nfn.nutis )
disturbing the filter. Use a clean efore acquisition begins
pipette tip for each well.
22. Turn plate 22.1. Ensure plate shaker is turned off
shaker off

NOTE: Test run should be acquired immediately after staining to ensure that re-
acquisition can be performed within 3 hours should there be a technical failure.

23.

Acquire on
Luminex.

23.1. Acquire plate immediately as per
‘Luminex Antibody Assay
Acquisition’ SOP

Store plate in the dark if
there is a delay in
acquisition
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Interpretation/

Results Not Applicable
Additional
Information LABScreen products are used for antibody detection tests that utilize a panel

of color-coded beads, which are coated with purified HLA antigens. Up to 100
different beads may be combined in one suspension for a single test.

Test serum is first incubated with LABScreen beads. Any HLA antibodies
present in the test serum bind to the antigens and then are labeled with R-
Phycoerythrin (PE)-conjugated Goat anti-human IgG. The LABScan100 flow
analyzer detects the fluorescent emission of PE from each bead, allowing
almost real-time data acquisition. The reaction pattern of the test serum is
compared to the lot-specific antigen array to assign PRA and HLA specificity.

References Current version of One Lambda LABScreen Product Insert
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AT1R Antibody ELISA assay

Purpose This ELISA assay is used to measure and quantitate antibody to angiotensin II
receptor type [ (AT1R)

Angiotensin II receptor is pre-coated onto a microtiter plate. During the first
incubation, the anti-angiotensin Il receptor 1 antibodies in the sample are
immobilized on the plate. In a second incubation with a peroxidase (POD) labeled
anti-human IgG antibody, enzymatic substrate reaction creates a color intensity
correlated with concentration and/or avidity of the anti-angiotensin Il receptor 1

antibody.
Materials
Reagents Supplies Equipment
e One Lambda ATIR EIA e Pipettes e ELISA
(cat# EIA-ATIRX) e Pipette tips spectrophotometer
e Deionized or distilled water e Bottle for 1X wash Infinite 200, Tecan
buffer e Microplate shaker
e (Graduated cylinder
e 1.5mL eppendorf tubes

Specimen Serum or plasma may be used; samples should be frozen at -20°C or stored at
2-8°C for up to 4 days. Repeat freeze/thaw should be avoided.

Safety See MSDS for detailed information.

Precautions

Quality

Control Negative and positive controls are included in the kit and included in each run.
Calibration standards are also included in each run. These concentrations are:
2.5 U/mL
5 U/mL
10 U/mL
20 U/mL
40 U/m
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Procedure

Step

Detail

Information

Bring all reagents to room temperature before

use.

1. Prepare worksheet

1.1. Record sample ID on the worksheet

1.2. Label the worksheet with the test date,
lot #, and document any relevant
comments on the samples

1.3. Document in Run# and details in the
ATIR lab manual

Use electronic or
paper version

Leave room for the
worksheet to be pasted
in

2. Remove the
required number
of strips

2.1. Remove excess strips from the
breakable frame

2.2. Reseal the package with the desiccant
2.3. Store at 2-8°C

Push from the bottom
to avoid snapping the
plastic tabs

Controls and calibrators are ready to use; DO NOT DILUTE

3. Prepare samples

3.1. Label 1.5mL eppendorf tube with the
sample ID

3.2. Add 495uL of sample diluent to each
tube

3.3. Add 5uL of serum sample to each
tube

3.4. Vortex to mix
3.5. Repeat steps 3.1 to 3.4 for all samples

Samples are diluted
1/100
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Step

Detail

Information

4. Add sample to
wells

4.1. Pipette 100uL of each in duplicate
and as per worksheet

o Neg control
o Pos control

o Each calibrator:
2.5,5.0,10.0, 20.0, 40.0

o Each sample
4.2. Seal tray with adhesive strip

4.3. Using a sharpie, write well A1 over
the A1 location

4.4. Incubate tray for 2 hours at 2-8°C

4.5. Set second timer to perform steps 5
and 6 immediately before wash step
7

See QC section above
for more detail on
calibrators

In HLA lab, use walk
in fridge, in West lab,
use ‘Anne’ shelf

5. Prepare 1X Wash
Buffer

5.1. Determine the required volume of
working wash buffer

5.2. Prepare the 1/10 (1X) working wash
buffer as described in Table 1 of the
Procedural Notes

5.3. Label the solution with the date
prepared and the expiry date of 30
days.

5.4. Store unused 1X wash buffer at 2-
&°C

Thimerosal may
precipitate in solution.
If crystals have
formed, mix gently
until the crystals have
completely dissolved.

Dilute the wash buffer
with deionized or
distilled water 1:10
(e.g., 50 mL + 450 mL
water). The diluted
solution is stable for
30 days at 2-8°C.

6. Prepare HRP
conjugate

6.1. Determine the required volume of
working HRP conjugate

6.2. Prepare the 1/10 (1X) working wash
buffer as described in Table 1 of the
Procedural Notes

The final dilution is
1/100
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Step

Detail

Information

7. Wash tray 3X

7.1.
7.2.
7.3.
7.4.

Flick the samples from the wells
Add 300uL of working wash buffer
Flick tray

Repeat steps 6.2 and 6.3 twice for a
total of 3 washes

7.5. After the third wash, invert the plate

and place it on a clean paper towel

7.6. Tap to remove excess fluid

If you do not flick the
samples out of the
well, they will
overflow when the
300uL of wash buffer
is added

8. Add conjugate

8.1. Add 100uL of diluted HRP conjugate

to each well
8.2.
8.3.

Seal tray with adhesive strip

Incubate tray for 60 minutes on plate
shaker at room temperature

9. Wash tray 3X

9.1. Repeat wash steps as in Step 7

10. Add substrate | 10.1. Add 100uL of substrate to each well | Substrate comes ready
10.2. Incubate at room temperature for 20 to use
minutes in the dark
11. Turn on 11.1. Turn on the ELISA reader and create | Allow sufficient time
ELISA reader tray for reading for this step.
The absorbance is 450
nm. Reference
wavelength of 620
nm/690 nm is
recommended.
Tray must be read within 30 minutes
12. Add stop 12.1. Add 100uL of stop solution to each | Stop solution comes

solution and read

tray

well
12.2. Read tray on ELISA reader

12.3. Save results to flash drive and save
to another computer

ready to use
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Step

Detail

Information

13.

Determine the
results

13.1. Create a four parameter logistics fit
curve: standard curve:

o x-axis: linear, anti-AT1R-Ab
standard concentrations (2.5
U/mL, 5 U/mL, 10 U/mL,20
U/mL, 40 U/mL)

o y-axis: linear, absorbance

13.2. Sample concentrations can be
calculated from this standard curve

13.3. Negative control must be less than
10U/mL for results to be valid

13.4. Samples with results higher than the
calibration curve are greater than

Samples may be
diluted at a higher
concentration (such as
1/500) and re-tested if

40U/mL exact concentration
over 40 U/mL is to be
determined
Part B Reading and Analysing the Tray
Step Detail Information
I. Turn on ELISA 1.1. Check if ELISA PC is on Login="guest’
reader 1.2. Turn on ELISA reader Password="guest
2. Open iControl 2.1. Double click on the ‘iControl (for
program and infinite reader) icon
9onnect to the 2.2. Connect by double clicking on the
mstrument ‘Infinite 200’ selection
3. Openthe ATIR 3.1. Click on the ‘Open’ icon Protocol details:
protocol

3.2. Select the C: West Lab

C/Anne/ATI1R Plate

Plate: Corning 96 well
flat transparent

Measuring wavelength:
450

Reference wavelength:
690
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Step Detail Information

4. Load plate 4.1. Click on the ‘open tray’ icon Red arrow with plate

4.2. Place tray in holder with A1 in top
left

4.3. Click on the ‘close tray’ icon

Green arrow with plate

5. Read plate 5.1. Click ‘start’

6. Save results 6.1. Select ‘Save as’

6.2. Name the tray with the run # and

the date
7. Save to flash drive | 7.1. Click ‘Save as’ and save the run Do this immediately in
with the same name as in step 6 case data are lost from
above PC
Procedural
Notes All test samples and standards should be assayed in duplicate.
Any variation in standard diluent, operator, pipetting technique, washing
technique, incubation time or temperature, and kit age can cause variation in
binding.
Additional
Information
Number Volume Volume of | Total Volume of | Volume of | Total
of Patient | of 10X Water Volume of | Stock HRP | Conjugate | Volume of
Samples | Wash Working Conjugate | Diluent Working
Buffer Wash Conjugate
Buffer
9 6.4mL 57.6mL 64mL 36uL 3.564mL 3.6mL
17 9.6mL 86.4mL 96mL 52uL 5.148mL 5.2mL
25 12.8mL 115.2mL 128mL 100uL 9.9mL 10.0mL
33 16.0mL 144.0mL 160mL 164uL 16.236mL 16.4mL
40 19.2mL 172.8mL 192mL 200uL 19.8mL 20.0mL

Note that each run includes duplicates of Neg and Pos controls as well as 5 calibrators (ie 14
wells). These calculations were made assuming that 1mL of wash buffer are required per well,
allowing 100uL extra per well.

References

Current version of Product Insert
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Adsorb Out Serum Treatment Protocol

Purpose The Adsorb Out™ reagent is used to reduce high background in the One Lambda
Thermo Fisher FlowPRA® or LabScreen® HLA antibody assays to reduce
background binding with patient sera; high background in these HLA solid phase
assays is determined by fluorescence on the no antigen, negative control bead.
In these experiments this reagent was used in conjunction with the AT1R ELISA
assay, distributed by One Lambda Thermo Fisher, to investigate non-specific
binding in this ELISA assay that lacks a no antigen well.

Materials
Reagents Supplies Equipment
e Adsorb Out™ e Pipettes, P10, P200, P1000 | ¢ Microcentrifuge
(cat# ADSORB), One | e Pipette tips
Lambda Thermo e 1.5mL microcentrifuge
Fisher tubes tubes
Specimen Serum or plasma may be used; samples should be be previously frozen at -

20°C or colder and once thawed can be stored at 2-8°C for up to 4 days.
Repeat freeze/thaw should be avoided.

Safety See SDS for detailed information.
Precautions
Quality
Control Samples will be tested with and without the adsorption protocol.
Procedure
Step Detail Information
Bring all reagents to room temperature before use.

1. Prepare worksheet

1.1. Create a worksheet for the samples
to be adsorbed

1.2. Record sample ID and serum date
on the worksheet

1.3. Label the worksheet with the test
date, lot #, and document any
relevant comments on the samples
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Step

Detail

Information

. Thaw and
centrifuge the
serum samples

2.1.

2.2.

Thaw the serum samples to be
adsorbed

Centrifuge the sera for 2 minutes at
10,000 rpm

Sera have been
aliquoted in
microcentrifuge vials

. Add serum to

3.1.

Label microcentrifuge tubes with

4.2.

4.3.

Add 3 uL of beads to each
aliquoted serum sample

Vortex the serum and beads for 10
seconds

labelled the sample ID and the serum date
microcentrifuge from the worksheet
tubes 3.2. Aliquot 30uL of patient serum into
each tube
. Vortex and 4.1. Vortex the Adsorb Out™ beads 10
dispense Adsorb seconds
Out beads Note that thisis a 1:10

dilution.

. Incubate sera and

5.1.

Place cryovials in rack on plate

Adsorb Out for 30 shaker
minutes at room 5.2. Set shaker to setting ‘2’
temperature
5.3. Incubate for 30 minutes
. Centrifuge 6.1. Remove plate from shaker
samples

6.2.

Centrifuge samples for 10 minutes
at 10,000 rpm

. Transfer serum to
labelled
microcentrifuge
tubes and proceed
to ATIR antibody

assay

7.1.

7.2.

7.3.

Label microcentrifuge tubes with
the sample ID and the serum date
from the worksheet

Carefully transfer the treated
serum into the new tube

Proceed to testing in the ATIR
ELISA immediately, store at 2-8°
C for up to 4 days, or store at -20°
C or colder

If Adsorb Out
microparticles are
transferred with serum,
repeat step 6.2 and
transfer again
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Procedural
Notes

Additional
Information

References

NA

NA

Current version of Product Insert

159



Neu5Gc Detection on Adsorb Out™ Microparticles

Purpose The purpose of the protocol is to assess the Adsorb Out™ microparticles for the
presence of Neu5Gc glycan.

Materials
Reagents Supplies Equipment

e Adsorb Out™ microparticles | e dH?0 e Swing-out
(Cat# ADSORB, One Lambda | ¢ PBS (Gibco) microcentrifuge
Thermo Fisher) e 1.5mL lidded tubes e BD BioSciences

¢ Human-Albumin latex coated | e Gilson style pipettes and Canto II Flow
beads (in-house manufactured, tips Cytometer
further details in Additional
Information section)

e Anti-Neu5Gce Antibody Kit
(Cat# 146901, BioLegend)

e FITC Goat anti-chicken IgY
antibody (Cat # 410802,
BioLegend)

Specimen No specimens are required for this protocol

Safety Refer to SDS for detailed information.

Precautions

Quality

Control Human albumin lacks Neu5Gc; in-house human albumin coated latex beads

are labelled in parallel as a negative control.

A chicken isotype control antibody is run in parallel to the chicken anti-
Neu5Gc antibody to assess background binding
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Procedure

Step

Detail

Information

Turn on and calibrate the Canto II cytometer as per standard protocol

Remove Anti-Neu5Gce antibody kit from -80°C storage to thaw

1. Prep work area
and instruments

1.1.
1.2.

1.3.

1.4.

Prepare an ice bath

Reconstitute the antibodies with
25uL of dH?O if the kit is being
used for the first time

Store antibody reagents from kit
and PBS on ice

Label all tubes for experiment as
per the experiment worksheet

Do not store FITC-
labelled secondary in the
light

2. Prepare dilutions
of the anti-
Neu5Ge
antibody and
isotype control

2.1.

2.2.

Prepare dilutions of the anti-
Neu5Gc antibody as well as the
isotype control

e 1/200
e 1/500
e 1/1000

Store the dilutions on ice

These dilutions were
recommended by the
manufacturer for flow
cytometer

Primary antibodies do
not need to be protected
from light

3. Add Adsorb Out
and human
albumin beads

3.1.

3.2.

Add 5ul of Adsorb Out™ to
designated tubes as per tray
worksheet

Add 5uLL of Human Albumin beads
to designated tubes as per tray
worksheet

4. Wash 1x

4.1.
4.2.

4.3.

4.4.

Add 1000uL cold PBS to each tube

Centrifuge at 10,000 rpm for 10
minutes

Using a P1000 pipette, carefully
remove as much supernatant as
possible without removing
beads/particles

Vortex each tube

Pellets will be visible

If pellet is disturbed,
resuspend and centrifuge
again as per step 4.2
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Step Detail Information

5. Add primary 5.1. To each tube add the designated
antibody/isotype primary antibody or isotype
controls and control antibody as per the
incubate worksheet

5.2. Vortex tubes

5.3. Incubate tubes for 60 minutes as 2-
&°C

During the Step 5 incubation, prepare the secondary antibody as per Step 6

6. Prepare FITC 6.1. Prepare antibody as per worksheet | Final concentration is

labelled 6.2. Wrap the vial in foil 0.5uL/100 uL
secondary

antibody 6.3. Store on ice

7. Wash 1x 7.1. Add 1000uL cold PBS to each
tube

7.2. Centrifuge at 10,000 rpm for 10

. Pellets will be visible
minutes

If pellet is disturbed,
resuspend and centrifuge
again as per step 4.2

7.3. Using a P1000 pipette, carefully
remove as much supernatant as
possible without removing
beads/particles

7.4. Vortex each tube

8. Add FITC 8.1. Add 100uL of secondary antibody
labelled to each tube
secpndary 8.2. Vortex tubes
antibody controls
and incubate 8.3. Incubate tubes for 60 minutes as 2-
8°C IN THE DARK

9. Wash 1x 9.1. Add 1000uL cold PBS to each
tube

9.2. Centrifuge at 10,000 rpm for 10

. Pellets will be visible
minutes

If pellet is disturbed,
resuspend and centrifuge
again as per step 4.2

9.3. Using a P1000 pipette, carefully
remove as much supernatant as
possible without removing
beads/particles

9.4. Vortex each tube
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Step Detail Information
10. Resuspend 10.1. Add 400uL of PBS to each tube
beads/particles 10.2. Vortex
11.  Acquire 11.1. Acquire microparticles and beads | Information on flow
beads/particles on on the cytometer settings is provided in the
the flow Procedural Notes section.
cytometer Viewing unlabelled
beads and microparticles
on a hemocytometer will
provide some guidance
for FSS and SSC settings
Procedural
Notes

Wash Buffer and diluent note: The use of PBS or wash buffer with fetal
bovine/calf serum was avoided to not introduce other sources of potential
xeno-antigens into the staining protocol.

Flow Cytometry Settings Details
The 1/200 primary antibody dilution was selected for analysis. Higher
dilutions stained but with less intensity.

Adsorb Out product instrument settings: The forward scatter setting was
increased to the maximum voltage (999) and the FS threshold was dropped as
low as possible (200). Biexponential scales for FSS and SSC were used to see
smaller sized particles more readily.

These settings were required because the microparticles are diverse in size and
the smallest ones are very small. There are also larger particles. In order to
capture all particles, no gating on the particles was performed. Sub-gating on a
larger size population of particles was possible and this population was used
for analysis.

The FITC settings were set to place the isotype reactivity in the first decade of
the log scale. No colour compensation was required as this is a single stain
experiment

The median channel value of these larger sized particles was used rather than
the mean value to reduce interference from outlier values however the mean
MCYV values were slightly higher for the Neu5Gc staining were higher for
both the isotype control as well as the antibody therefore the overall shift was
the same. Gating all events also showed staining with Neu5Gc but the shift
was 42 channels over the isotype rather than 62.

Human Albumin product instrument settings: The gating for the human
albumin beads was straight-forward as there are a typical bead population
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with a single size; doublets were present but were less than 5% of events and
were not included in the analysis. The FITC settings were set to place the
i1sotype reactivity in the first decade of the log scale.

Future flow experiments: Use of a small particle flow cytometer or a newer
model cytometer may allow more discrimination of the very small Adsorb Out
participles. Use of a higher concentration of the primary antibody and isotype
(such as 1/50 and 1/100) could be compared in future experiments. The
suggested dilutions from the vendor were likely for cells and therefore higher
dilutions may be needed to reduce background staining.

Additional
Information

Human Albumin Bead Manufacturing and Use: There are beads
manufactured for clinical use in the UAH Histocompatibility laboratory. This
product is routinely used to treat transplant patient sera with MFI reactivity
over 500 mean fluorescence intensity (MFI) to the negative control bead in
HLA antibody solid phase Luminex bead-based assays. This product is
produced by incubating latex beads (Sigma) with human albumin (Canadian
Blood Services).

References Product Inserts for all commercial reagents
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Coupling Procedure for ABO-BSA-Antigen to Luminex Beads

Purpose This SOP outlines the procedure for the coupling of ABO subtype antigens (BSA-
linked) to Luminex beads. These coupled beads are not for same day use. This
SOP is based on the August 2016 Rev E guidelines from Luminex’s User Manual
for the XMAP® Antibody Coupling Kit.

NOTE: The limiting reagent in this kit is the activation buffer. A maximum of 10
individual beads can be coupled using one kit.

Materials
Reagents Supplies Equipment
e xMAP 40-50016 Antibody e Axygen MCT-150- Vortex
Coupling Kit C1.5mL MIKRO 22R swing out

*all kit components are to be stored
at 2-8°C, EDC in original packaging
may be stored at -30°C for longest
shelf life; all other kit components
should never be frozen

*Kit is SINGLE USE and EDC
cannot be made in advance

e Luminex MagPlex®
microspheres
(1 mL wvials) such as MagPlex-C
Microspheres, Region 012

microfuge tubes,
autoclaved

e Foil cut in small
squares for 1.5 mL
tubes

microcentrifuge in
Molecular Core or
magnetic separator
Tube rotator for 1.5mL
tubes

Pipettes/tips, autoclaved

Specimen Specimens are not used in this antigen coupling procedure.
Safety See chemical specific MSDS for detailed information.
Precautions
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Procedure

Step

Detail

Information

Arrange use of microcentrifuge with Li Ka Shing Core

Remove xXMAP Coupling Kit from refrigerator and allow to equilibrate to room

temperature
for 20-30 minutes
1. Start Coupling 1.1. Prepare and print a Coupling Note that the bead vial
Excel Worksheet Worksheet (Excel) and the quality control
12, Fill in: document for that
specific bead lot # may
e date have slightly different
e bead address bead concentrations.
e bead lot # USE THE BEAD
e calculations CONCENTRATION
e required bead volumes FROM THE QUALITY
CONTROL
DOCUMENT
Required bead volumes
are calculated on Excel
Coupling Worksheet:
WORKSHEET ABO
Bead Coupling [DATE
OF COUPLING] ABO
Beads
2. Resuspend 2.1. Document calculations and volume As per the worksheet,
required volume on the Excel worksheet to calculate the volume
ofLumlnex 2.2. Label Axygen microfuge tubes as per of microspheres use the
microspheres and the worksheet. DO NOT USE the | formula:
ad,d to ) kit-provided tubes as the lids do not | Volume of
microcentrifuge . .
tube seal well. mlcrosphgres required =
2.3. Vortex the 1 mL stock microspheres X.Xx 10 b cads /
vial for 30 seconds (in lieu of 10 gonpentratmn of beads
second vortex + 10 second indicated on the product
sonication) insert in beads per mL
2.4. Transfer designated number of (Formula is present in

microspheres into its labeled
designated Axygen microfuge tube.

Excel sheet as a
calculation so will auto-
populate
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Step

Detail

Information

3. Wash the 3.1. Centrifuge all tubes at 8000g for 2
microspheres minutes
twice . .
3.2. Using a P1000, remove and discard
supernatant
3.3. Add 500 pL of Activation Buffer to
each tube
3.4. Vortex each tube for 30 seconds Refer to Procedural
for i .
3.5. Centrifuge all tubes at 8000g for 2 Noteg or 1nstrucj[ tons
X on using magnetic
minutes separator for wash steps
3.6. Using a thin tipped transfer pipette, if centrifuge is
remove and discard supernatant unavailable
4. Activate beads - | 4.1. Add 480 pL of Activation Buffer to
Part I each tube
4.2. Vortex the reaction tube for 30
seconds
4.3. Vortex the provided Sulfo-NHS tube
from the kit for 20 seconds
4.4, Add 10 pL of Sulfo-NHS to the
reaction tube
5. Prepare EDC 5.1. Add 250 pL of Activation Buffer to DO NOT MAKE EDC
the 10 mg vial of EDC REAGENT IN
5.2. Invert the EDC vial and then vortex ADVANCE
the vial for 12 seconds to dissolve the
EDC
6. Activate beads - | 6.1. Add 10 uL EDC solution to each tube
Part II 6.2. Vortex the reaction tube for 20
seconds
6.3. Wrap each tube in foil
7. Incubate beads 7.1. Place each foil-wrapped bead vial
on rotator for 20 into a slot on the rotator
minutes 7.2. Incubate for 20 minutes at room

temperature while rotating
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Step Detail Information
8. Wash 8.1. Centrifuge all tubes at 8000g for 2
microspheres 3 minutes
times 8.2. Using a P1000, remove 480-490 uL
and discard supernatant
8.3. Add 500 puL of Activation Buffer to
each tube
8.4. Vortex each tube for 30 seconds
8.5. Centrifuge all tubes at 8000g for 2
minutes
8.6. Using a P1000, remove 480-490 pL.
and discard supernatant
8.7. Add 500 puL of Activation Buffer to
each tube
8.8. Vortex each tube for 30 seconds
8.9. Centrifuge all tubes at 8000g for 2
minutes
8.10. Using a thin tipped transfer pipette,
remove and discard supernatant
9. Add BSA- 9.1. Calculate the required volume of Total Sug of antigen are
antigen to the each ABO antigen and document on | used for each 1.0 x 10°
solution the Excel worksheet beads

9.2. Calculate the required volume of
Activation Buffer to bring volume up
to a total of 500 uL and document on
the worksheet

9.3. Add the Activation Buffer volume
determined in step 9.2

9.4. Add the volume of each ABO antigen
as determined in step 9.1

9.5. Vortex each tube for 20 seconds

9.6. Wrap each tube in aluminum foil

Calculate the required
volume of Activation
Buffer by subtracting
volume of ABO antigen
to be added from 500
pL

Eg.: 12.5 uL antigen +
487.5 uL Activation
Buffer
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Step

Detail

Information

10. Incubate beads
on rotator for 2
hours

10.1. Place each foil-wrapped bead vial
into a slot on the rotator

10.2. Incubate for 2 hours at room
temperature

Wash Buffer is used for remaining steps: DO NOT continue to

use Activation Buffer

11. Wash
microspheres 3
times

11.1. Centrifuge all tubes at 8000g for 2
minutes

11.2. Using a P1000, remove 480-490 pnL
and discard supernatant

11.3. Add 500 pL of Wash Buffer to each
tube

11.4. Vortex each tube for 30 seconds

11.5. Centrifuge all tubes at 8000g for 2
minutes

11.6. Using a P1000, remove 480-490 pL
and discard supernatant

11.7. Add 500 pL of Wash Buffer to each
tube

11.8. Vortex each tube for 30 seconds

11.9. Centrifuge all tubes at 8000g for 2
minutes

11.10. Using a thin tipped transfer pipette,
remove and discard supernatant

11.11. Add 500 uL Wash Buffer to the
reaction tube, vortex 30 seconds

This final bead volume
can be increased or
decreased depending on
the desired
concentration of beads

12. Count the
microspheres on a
hemocytometer
and store

12.1. Count the number of microspheres
recovered and document the
percentage of doublet beads

12.2. Record bead counts on the
worksheets

12.3. Store coupled beads at 2-8°C in the
dark

See Additional
Information section of
SOP for counting
details
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Procedural

Notes

Sterile conditions are not required for the coupling confirmation
Not for use same day.
Refer to Luminex xXMAP® Antibody Coupling Kit for more information.

Instruction for magnet wash steps if swing out microcentrifuge is not available:

If a swing out microcentrifuge is not available, all wash steps can be performed in a
magnetic tube separator. If coupling many beads, this will take much longer to perform and
is not recommended.

1.

2.
3.

e

Place the reaction tube in a magnetic separator for 1-2 minutes, *90 seconds® w/ caps
open

With tube still in magnetic separator, remove the supernatant with a pipette

Remove the tube from the magnetic separator and add 500 puL of Activation Buffer into
the reaction tube

Vortex the reaction tube for 30 seconds

Repeat steps until required number of washes is achieved
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Additional
Information

Coupling Chemistry:

a N\ Q a
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\
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I.-’N p-acylisourea ester HO
Sulfo-MH5

Figure 1: Coupling Chemistry from Angeloni et al. Luminex xMAP Cookbook. Luminex
Corporation; 2016. p. 14

Coupling Kit:

The coupling kit is preferred to making each reagent for consistency of concentration and
pH. Refer to the Luminex Reagent Job Aid for instructions on reagent preparation without
the kit.

The reagents included in the coupling kit:

EDC

Sulfo-NHS
Activation buffer
Wash Buffer
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ABO Antigens Detail:

Antigen Source: A and B tetrasaccharide antigens (A-VI) were created and BSA-linked

and procured from Lowary Laboratory at the University of Alberta.' Detailed summary
of these glycans is provided by Jeyakanthan et al. 4

All antigens are reconstituted 2 mg/mL in 14 () water and stored at -80°C.

Antigen Source Coupled to MagPlex
Bead ID
A-I tetrasaccharide Lowary Laboratory 12
A-II tetrasaccharide Lowary Laboratory 13
A-III tetrasaccharide Lowary Laboratory 14
A-1V tetrasaccharide Lowary Laboratory 15
A-V tetrasaccharide Lowary Laboratory 18
A-VI tetrasaccharide Lowary Laboratory 19
B-I tetrasaccharide Lowary Laboratory 45
B-II tetrasaccharide Lowary Laboratory 46
B-III tetrasaccharide Lowary Laboratory 47
B-1V tetrasaccharide Lowary Laboratory 48
B-V tetrasaccharide Lowary Laboratory 51
B-VI tetrasaccharide Lowary Laboratory 53
BSA Sigma Aldrich, 20
Cat# A3059

a-Gal (Galal-3Galbl- Dextra UK, 21
4GlcNAc-BSA(3 atom spacer | Cat## NGP0334

No antigen (water) Li Ka Shing Core Ultra | 22

Pure water

A-trisaccharide Lowary Laboratory 61
B-trisaccharide Lowary Laboratory 62
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Selection of Optimum Antigen Coupling Concentration

25000
20000

15000

MFI

~"1pug BSA-A-II
10000 —5 ug BSA-A-II
—*-5o ug BSA-A-II

5000

o 0.25 0.5 1 2 4 8 16
JTL-2 IgM Anti-A-ll and A-VI (ug/mL) !

Figure 2: Sug/mL concentration of BSA-conjugated glycan is was selected as optimum
bead coupling concentration.

Small Square = Note: For total number of
1/400 sq. mm. 1/25 sq. mm. beads when counting 10 ul in
the hemacytometer, use the

Jfollowing calculation: Total
beads = count (1 corner of 4x4

= section) x 10 x dilution factor x

- resuspension volume in ul. 1o

get beads/mlL use the following

4 calculation: Beads/ml =

count (1 corner of 4x4) x 10 x

dilution factor x resuspension

. volume in yul)/resuspension

Counting grid volume in mL.
Figure 3: This diagram adapted from the Angeloni et al. Luminex xMAP Cookbook.
Luminex Corporation; 2016.

Add 2 pL to 18 uL PBS-TBN to create a 1/10 dilution for counting and load 10 pL into the
hemocytometer.
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General References
Product Insert: Luminex XMAP® Antibody Coupling Kit User Manual 8§9-00002-00-319
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Subtype Antibodies: Fine Specificity of Immune Tolerance After ABO-Incompatible
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Angeloni S, Cordes R, Dunbar S, et al. XMAP Cookbook: A Collection of Methods and
Protocols for Developing Multiplex Assays with XMAP Technology. 3rd ed. Austin, TX:
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Coupling Confirmation Luminex Beads

Purpose This SOP outlines the procedure for the assessment of coupling success/efficiency
of the A or B glycan subtypes, and controls (BSA and «Gal) to Luminex beads."!
This step follows the coupling and must be performed before the beads are used.
It is to be run in parallel with the most recent lot/batch of beads. This coupling
confirmation must be followed with another QC run of human negative and
positive control as well as other recently tested sera as further QC for the new
beads.
This protocol can also be used for quality control of beads that have been in
storage or perform shipment/lot QC on new Novoclone and secondary antibody
shipments. Note that the specific concentration of Novoclone reagents is not
provided by the vendor and that the vendor QC for this reagent is performed by
hemagglutination. As such, there may be some variation from lot to lot on this
Luminex platform which makes lot QC on the Luminex beads very important for
the Novoclone reagents.
Materials
Reagents Supplies Equipment
e A/B glycan-coupled beads 96-well plate Corning Luminex
e BSA-coupled beads 3605 (round bottom cytometer
e @Gal glycan-coupled beads non-binding white Vortex
e PBS-TBN buffer polystyrene) Plate shaker
e Novaclone anti-A Adhesive plastic plate (Barnstead
Immucor (cat# 5170022) seal Labline)
e Novaclone anti-B 1.5 mL Luminex
Immucor (cat# 517502) microcentrifuge tubes Magnetic Plate
o JTL-22 Disposable pipette Separator
o JTL-4 2 tipS (Part# CN-0269-
e PE-labeled goat anti-mouse Aluminum foil 0_1)
IgM secondary antibody Pipettes
Southern Biotech (cat# 1020- -P10
09) -P200
-P1000
-P200 multi

Specimen

assay, as this Standard Operating Procedure provides an outline for the
coupling confirmation of ABO-BSA-Antigen coupled Luminex beads to be
used later to test specimens.

Only monoclonal antibodies are required.

Specimens are not used at this stage of the Luminex bead-based ABH antigen
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Safety See specific SDS for detailed information.

Quality Control Previously characterized antibodies are used for this purpose. New lot # or new
antibodies must be tested in parallel with previously confirmed coupled bead
lot/batch (or in parallel with new reagent). A PBS-PBN well is include to
ensure that there is not non-specific fluorescence to any specific bead.

Precautions NA

Procedure

Step Detail Information

Confirm with laboratory personnel that the Luminex instrument will be available;
request that it is left on if it is already in use

Assemble required reagents as listed above, selecting the appropriate antibody-coupled
microsphere set(s) and ensure that plate shaker is available

Warm PBS-TBN to room temperature

Excel worksheet will
calculate required bead

1. Design tray layout
and complete

1.1. Retrieve an Excel Coupling
Confirmation Worksheet from the

Excel Coupling server drive volumes to achieve
Confirmation 2500 beads per well
Worksheet 1.2. Prepare tray layout to include all

Measure extra bead
volume for 2 extra
wells

monoclonal antibodies tested. For a
full A/B panel this includes:

Novoclone anti-A
Novoclone anti-B

Details on antibody
specificity and dilutions

JTL-2

JTL-2

PBS-TBN (background
control)

1.3. Fill in information, such as:

Bead Counts

Date of Run

Lot information of Novaclones
Preparation date of the JTL
reagents

Lot information of anti-mouse
IgM secondary

Required bead volume per well

are provided in the
Additional Information
Section of this SOP

Refer to last worksheet
to confirm the required
dilutions to test.
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Step

Detail

Information

2. Prepare beads

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

Label a 1.5mL microcentrifuge tube as
pooled beads and with the date

Vortex each individual bead preparation
for 30 seconds

Add the pre-determined bead volume
for each panel (A and B) into a
microcentrifuge tube as was calculated
in step 1

Spin the tube in a swing-out
microcentrifuge at 8000g for 2 minutes

Remove the supernatant using a pipette

Add the determined volume of PBS-
TBN from Excel worksheet

3. Prepare
Novaclone
dilutions

3.1.

3.2.

Prepare dilutions of each of Novaclone
anti-A and Novaclone anti-B dilutions
using PBS-TBN as the diluent and
document the preparation of the
dilutions in the plate lay out tab of the
worksheet

e 1/100
e 1/200
e 1/400
e 1/800
e 1/1600

Document the preparation of the
dilutions in the plate lay out tab of the
worksheet

Anti-A is blue
Anti-B is yellow

The 1/100 dilution will
provide saturated MFI
values

Note that the 1/1600
dilution will not result
in a negative (low MFI)
result and if titration to
negative is required,
dilution up to
approximately 1/5000

177




Step

Detail

Information

4. Prepare the JLT 2
and 4 dilutions

4.1. Prepare JTL-2 and -4 dilutions using
PBS-TBN as the diluent

1250 ng/mL

625 ng/mL

312.5 ng/mL

156.25 ng/mL

78.13 ng/mL

39.06 ng/mL

19.53 ng/mL

4.2. Document the preparation of the

dilutions in the plate lay out tab of the

worksheet

These dilutions will
titrate to negative. If
saturated bead dilutions
are required, higher
concentrations can be
made from the stock
solution

5. Add beads and
monoclonal
antibody dilutions

5.1. Refer to plate layout and mark the
columns and rows to be used using a
black sharpie

5.2. Add 5 pL of the multiplexed (pooled)
bead suspension to each well as per tray

layout

5.3. Add 50 pL of each Novaclone anti-A
and B dilution as per tray layout

5.4. Add 50 pL of each JLT 2 and 4 dilution

as per tray layout

5.5. Tap plate to mix

Some coloured sharpie
pens may affect
fluorochromes and
black is preferable

6. Incubate the plate
for 30 minutes at
room temperature

6.1. Apply a fresh adhesive plate seal to the
plate ensuring the edges of the outside

wells are sealed
6.2. Wrap the plate in aluminum foil

6.3. Incubate the plate for 30 minutes at

room temperature on a plate shaker at

setting ‘2’

This precaution is taken
to protect the bead
fluorochromes from
light

Perform step 7 during the step 6 incubation
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Step Detail Information

7. Prepare secondary | 7.1. Prepare the PE-labeled anti-mouse IgM
antibody secondary antibody at a 1/100 dilution

7.2. Document the preparation of the
secondary antibody in the plate lay out
tab of the worksheet

7.3. Protect the secondary antibody from
light by wrapping in foil or placing in a

drawer
8. Wash 3 times 8.1. Carefully remove adhesive plate seal. Avoid splashes or
with PBSIBN 1182 Add 150 uL of PBS-TBN buffer to ud transfer from
uiier each well using an 8 channel well towe
multipipette

8.3. WITHOUT REMOVING THE PLATE
FROM THE MAGNET, flick the plate
with one firm motion
Do this over a non-handwashing sink
or biohazard reservoir.

8.4. WITHOUT FLIPPING THE PLATE
BACK OVER, dab the plate onto a
paper towel to capture any residual
droplets

8.5. Perform the second and third washes
by adding 200uL of wash buffer and
repeating steps 8.3 and 8.4 twice

9. Add PE-labeled 9.1. Add 100 pL of the prepared 1/100

anti-mouse IgM diluted PE-labeled anti-mouse IgM
secondary secondary antibody to each well as per
antibody tray layout

9.2. Re-seal the plate with a fresh adhesive
seal

9.3. Tap plate to mix

10. Incubate the plate | 10.1. Wrap plate in aluminum foil This precaution is taken
for 30 minutes at 10.2. Incubate for 30 minutes at room tg protect the plate from
room temperature light

temperature on a plate shaker at setting
42’
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Step Detail Information

11. Wash 11.1. Remove adhesive plate seal.
microspheres 3| 11 5 Add 100 uL of PBS-TBN buffer to
times and each well

resuspend in
PBS-TBN buffer | 11.3.Place plate on a magnetic separator for
2 minutes

11.4. WITHOUT REMOVING THE
PLATE FROM THE MAGNET, flick
the plate with one firm motion
Do this over a non-handwashing sink
or biohazard reservoir.

11.5. WITHOUT FLIPPING THE
PLATE BACK OVER, dab the plate
onto a paper towel to capture any
residual droplets

11.6. Perform the second and third washes
by adding 200uL of wash buffer and
repeating steps 12.3 to 12.5 twice

11.7. Resuspend in 80 uL. of TBN-PBS
wash buffer

12. Acquire the beads | 12.1. Acquire beads on the Luminex flow This step is to be done
cytometer as soon as possible and
within two hours

Procedural
Notes Sterile conditions are not required for these steps.

Calculating Beads Required

The Excel worksheet will calculate the beads as per the following calculations.
2500 beads are needed per well (with 2 extra wells included for pipetting loss of
reagent)

Beads Calculation
C1V1=2500 beads

Where: C, = concentration of beads in original stock solution of coupled beads
(beads/puL);
V1 = volume of beads to add to each well from the original stock solution
(uL);

Example Calculation:
C1V1 = 2500 beads where:  C; = concentration of beads /mL (ex 3.75 x 10°);
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Vi=x (# uL to be determined per well);

(3.75 x 10° beads/mL)(x) = 2500 beads
x = 6.7 uL beads per well, then bring up to 50 puL

Secondary Antibody Preparation of 1/100 — prepare in 5 mL Falcon tube
(# wells + 1) x 100 puL = total volume required

Example calculation: (14+1) x 100 pL = 1500 puL
1/1000
1/1000 = x /1500 pL

x=1.5 pL
1.5 uL + 1500 pL PBS-TBN
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Additional
Information

Typical reactivity patterns for each monoclonal antibody are shown below in
Figures 1 and 2. These results are from Feb 2021 coupling experiments. New
lot A and B antigens were used. Data were acquired on a Luminex 200
instrument; multiply all MFI values by 1.67 to approximate values on the

FlexMap 3D.
Titration of Novoclone Titration of Novoclone
30000 Anti-A 30000 Anti-B
* Adri B-Tri
20000 20000 o Al B4
— _ - A Bl
s < A AN BAIl
- AV BV
10000 10000 o AV BV
> AV B-VI
-~ «Gal
0 ’ ’ ’ 0 - - - - —
Dilution Dilution

Figure 1: Novoclone monoclonal antibodies will react with all A and B subtype glycans as well
as A-Tri and B-Tri. The F

JTL-4 IgM JTL-2 IgM

25000 25000

20000 20000

15000 -{ 15000 - Al B-lil

E - Al Bl E - :—Cl :—:)l
A A X
10000 - A-VI 10000
All other Aand B
All other Aand B
subty:e :IrphaGaI and subtype, AlphaGal and
5000 s | "
BSA beads are negative 5000 BSA beads are negative
0 © =3 =] ° 0 T T 1
3 g 3 ° g g 2
Concentration (ng/ml) Concentration (ng/ml)

Figure 2: The in-house JTL monoclonal antibodies react as follows: JLT-4 with A-II, B-II, and
A-VI (A-IV more weakly than the II glycans). The JTL-2 reacts with A-III, A-IV, A-
V, B-III, and B-1V
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Also refer to product inserts for Novaclone and secondary antibody reagents

183



Luminex Human Sample ABO Antibody Detection

TBN-PBS wash buffer

IgM secondary antibody:

PE-Anti-Human IgM,
Cat# IGM-PECI1,
One Lambda Thermo
Fisher

IgG secondary antibody:

PE-Anti-Human IgG,

75-200 pL working
volume

Plate seal, Excel
Scientific Sealing Film
100SEALPLT)

1.5 mL clear microfuge
tubes, MCT-150-C
Axygen 311-08-051

Purpose This SOP outlines the procedure for the measurement of IgG and IgM ABO
subtype-specific antibodies using Luminex single antigen beads. This assay was
adapted for Luminex from the microarray method published by Jeyakantham et
al!

This assay uses a Luminex bead-based panel of ABO-A and ABO-B subtype [-VI
glycans which have been coupled to individual Luminex beads. Additional beads
to bovine serum albumin (BSA), galactose-a-1,3-galactose (a-Gal) glycan, and A-
and B-trisaccharides are also included in this panel.
Phycoerythrin (PE) secondary antibodies specific to human IgG and IgM are used
to detect ABO antibodies bound to individual beads. Beads can be acquired on a
Luminex 200™ or FlexMap 3D® Luminex instrument.
Materials
Reagents Supplies Equipment

ABO bead panel 96-well plate, Corning Microcentrifuge

Negative control serum #3605 round bottom Luminex Magnetic

(AB-1) non-binding white Plate Separator

Positive control serum polystyrene, non-binding (Part# CN-0269-01)

(VP-5) surface, 330 uL capacity, Vortex

Plate shaker

Pipettes (P10, P200,
P1000) and tips

300uL volume multi-
channel pipette (8 well)

Cat# LS-AB2, Disposable pipette tips
One Lambda Thermo
Fisher
Specimen This method has been validated for use with serum, heparin, and EDTA

Safety

plasma. Samples do not require EDTA treatment.

Individual SDS for the beads and wash buffer are stored in the West
laboratory. There are no safety concerns with these reagents.
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Quality Control There are negative and positive control sera included in this assay.

AB-1: Plasma unit from an ABO-AB individual sourced from the University
of Alberta Transfusion Medicine Laboratory
VP-5: Pool of two ABO-O plasma units sourced from the University of
Alberta Transfusion Medicine Laboratory

Precautions

Procedure

Control beads include:
BSA coupled bead (negative control/background bead)

No antigen bead (negative control/background bead)

a-Gal as a (positive control bead)

Universal precautions must be taken when handling human specimens

Step

Detail

Information

Bring the wash buffer to room temperature

Turn on Luminex instrument and perform standard daily start up and calibration

1. Initiate and
document samples
in the excel ABO

plate worksheet

1.1.

1.2.

1.3.

1.4.

Open the ‘in use’ Excel template for
this bead batch

Fill in the number of samples run to
calculate the bead volumes required
in the ‘Beadcalc’ tab

Fill in the plate map details for each
sample to be tested as well as the
negative and positive control and
assign locations on the plate in the
‘LAYOUT tab

Document the lot# of the secondary
antibody reagents in the ‘Reagent’
tab of the worksheet

Bead numbers vary
from batch to batch of
beads. Ensure the
correct version for this
bead batch date is
used

The Excel worksheet
will automatically
calculate the required
bead volumes for each
bead address

mix

2. Prepare the bead 2.1.

Using the calculations in the Excel
sheet from Step 1, prepare the bead
mix to be used for all beads and
controls
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Step Detail Information
3. Prepare 3.1. Centrifuge samples in microfuge at EDTA treatment is
samples/controls 10,000 rpm for 5 minutes not required
apd P erform 3.2. Using the TBN wash buffer, prepare Sample calculation:
dilutions

1/25 dilutions of all samples and the
controls

1/25 dilution for each
sample:

8uL + 192ul. wash
buffer

1/50 dilution for pos
control:

4uL + 196ull wash
buffer

4. Prepare plate
adding beads and
samples

4.1.

4.2.

Add 5 pLL ABO A and B beads to
every well as indicated on plate
worksheet

Add 50uL of each diluted sample and
control to the IgG as well as [gM
wells on the plate worksheet

As per plate layout tab
of Excel worksheet

5. Seal and place on | 5.1. Apply plate/tray seal
13) })aﬁii}:ii:r for 5.2. Wrap plate in aluminum foil This precaution is
5.3. Incubate for 30 minutes at room t:ikenfto pr(l)'t eﬁt the
temperature on the plate shaker at plate from light
setting ‘2’
6. Prepare 6.1. Prepare the IgG secondary antibody 100uL are needed for
secondary at a 1/50 dilution each well. Prepare
antibodies 6.2. Prepare the IgM secondary antibody enough for one exira

at a 1/50 dilution

well

Example of
calculations for a run
of 12 IgG wells:

o 28ul of IgG
secondary Ab

e 1372uL of
wash buffer
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Step

Detail

Information

These beads are the MagPlex beads so they can be ‘pelleted’ using a magnet,
centrifuge or vacuum apparatus. The following steps are using a magnet wash method.

7. Wash plate 3
times

7.1.
7.2.

7.3.

7.4.

7.5.

7.6.

7.7.

Remove plate/tray seal

Using the 8 channel multi-pipette,
add 150uL of wash buffer to each
well

Place the plate on the Luminex
Magnetic Plate separator and fold up
the side clips to secure the plate

Leave the plate on the magnet for 2
minutes

WITHOUT REMOVING THE
PLATE FROM THE MAGNET,
flick the plate with one firm motion
Do this over a non-handwashing sink
or biohazard reservoir.

WITHOUT FLIPPING THE PLATE
BACK OVER, dab the plate onto a
paper towel to capture any residual
droplets

Perform the second and third washes
by adding 200uL of wash buffer and
repeating steps 7.3 to 7.5 twice

If an alternate wash
method is used,
document on the plate
layout worksheet

Ensure that face cover
is used to prevent
exposure to aerosols

8. Add the IgG and
IgM secondary
antibodies

8.1.

8.2.

8.3.
8.4.

To the designated IgG wells , add
100 pL of the prepared 1/50 PE
labeled IgG secondary antibody

To the designated IgM wells, add 100
uL of the prepared 1/50 PE labeled
IgG secondary antibody

Apply a plate/tray seal
Tap plate to gently mix

Refer to plate map in
worksheet for well
locations

9. Place on plate
shaker for 30
minutes

9.1.
9.2.

Wrap plate in aluminum foil

Incubate for 30 minutes at room
temperature on the plate shaker at
setting ‘2’

This precaution is
taken to protect the
plate from light
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Step Detail Information
10. Wash plate 3 10.1. Remove plate/tray seal
times

10.2. Place the plate on the Luminex
Magnetic Plate separator and fold up
the side clips to secure the plate

10.3. Leave the plate on the magnet for 2
minutes

10.4. WITHOUT REMOVING THE
PLATE FROM THE MAGNET,
flick the plate with one firm motion
Do this over a non-handwashing sink
or biohazard reservoir.

10.5. WITHOUT FLIPPING THE PLATE
BACK OVER, dab the plate onto a
paper towel to capture any residual
droplets

10.6. Perform the second and third washes
by adding 200uL of wash buffer and
repeating steps 10.3 to 10.5 twice

11. Resuspend beads
for acquisition

11.1. Add 80 pL of wash buffer to each
well and gently mix

Please acquire beads
within 2 hours. If a
delay is necessary,
please document on
the Tray Worksheet

12. Acquire the

12.1. Read/ acquire on the Luminex

This step is to be done

beads cytometer as soon as possible
and within two hours

Procedural

Notes Sterile conditions are not required for this SOP.
The optimal dilution for serum/plasma samples as well as PE-labelled anti-
human IgG and IgM was determined by performing a checkerboard
experiment

Additional

Information Alternate wash steps may be used such as filter plate, centrifuge and flick

wash, etc but these wash steps must be validated for use prior to
implementation.
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Luminex Reagent Job Aid

Purpose This job aid provides instructions for making Luminex-related reagents. The TBN
buffer is required for all assays and is the wash buffer used in every run. The
remaining reagents are now replaced by the Luminex coupling kit XMAP 40-
50016 Antibody Coupling Kit but can be used as a back up in the event that the
coupling kit is unavailable. The kit is preferred for consistency and ease of use.
Reagent Materials Preparation Stability/ | Note
Expiry
Activation « NaH2POq4 1.Label a 100mL 2 weeks | This
Buffer 100 (MW=119.98) glass bottle with reagent
mL stored near Jean’s reagent name, is to be
bench in MLS box date made, expiry used at
1.1 M NaHzPO4 date, and initials apH of
Vendor: Sigma 6.2

Cat # S3139

« ddH>O at
handwashing sink

2.Tare scale

3.Weigh out 1.1998
grams NaH>PO4 and
add to the labelled
bottle

4.Measure 100 mL
ddH>O in a graduated
cylinder and add to
the labelled bottle

S.pH to 6.2

6.Store (Anne’s shelf)
at 2-8°C
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Reagent Materials Preparation Stability/ | Note
Expiry
Coupling Buffer ®(2[n-Morpholino] 1.Label a 100mL glass | 2 weeks | This
100 mL MES ehtanesulfonic acid) bottle with reagent reagent
MES name, date made, is to be
50 mM (0.05M) (MW=195.246) expiry date, and used at
(2[n-Morpholino] stored in initials a pH of
ehtanesulfonic acid) bottommost left 5.0
pull-out drawer of 2.Tare scale
bottom half of -30 °
C fridge 3. Weight out 0.9762
grams MES and add
Vendor: Slgma to the labelled bottle
Cat # M2933 4.Measure out 100mL
of ddH>0 and add to
oddH-O at the labelled bottle
handwashing sink
S5.pH t0 5.0
6.Store at 2-8 ° C
EDC 100pL o 1-Ethyl-3-[3- 1.Label 1.5mL Must be | 10 uL
dimethylaminopropy eppendorf tube with | made require
1] carbodiimide reagent name and fresh d per
hydrochloride date made bead
1-Ethyl-3-[3- (EDC) stored in couplin
dimethylaminoprop bottommost left 2.Tare scale g
yllcarbodiimide pull-out drawer of
hydrochloride bottom half of -30© | 3-Weigh out 50 mg
: EDC (equivalent to
50 mg/mL € fridge 0.05 grams)

Vendor: Pierce
Cat #: 77149

¢ddH>O at
handwashing sink

4.Add 1mL ddH20,
using a rinsing
technique to wash the
weighboat and fully
dissolve the solid

5.Decant into labelled
eppendorf

6.Dispose of
immediately after
experiement
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Reagent Materials Preparation Stability/ | Note
Expiry
5% NaAzide eNaAzide stored on 1.Label a 50 or 100mL | Stable Toxic
shelf near filed glass bottle with for 3
MSDS sheets reagent name, date years Added
made, and initials to
Vendor: prevent
2.Put on and adjust bacteri
Cat #: mask to fit al
growth
3.Double glove for
safety before
¢ddH:O at handling this reagent

handwashing sink

4.Select a spatula or
appropriate scoopula
that is not metal

5.Tare scale and weigh
out 2.5g of NaAzide

6.Addthe 2.5 ¢g
NaAzide to the
labelled container

7.Add 50mL of ddH>O

8.Mix to dissolve
completely
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PBS-TBN Buffer

Vendor: Sigma

« PBS Cat #: P3813
stored near Jean’s
bench in MLS box
in little individual
packets

e1% BSA Cat #:
A7888 stored in the
bottom left shelf of
the deli fridge at 2-
8°C

00.05% Tween Cat #:

P9416

eNaAzide 0.1% will
have been made up
previously, but the
powder reagent is
stored on shelf near
filed MSDS sheets

¢ddH>O at
handwashing sink

1.Ensure 5% NaAzide
1s available

2.Add 1000 mL ddH>O
to a 1000 mL
Erlenmeyer flask

3.Place a stir bar in the
bottom of the flask
and place the flask on
the magnetic stir
plate; DO NOT
HEAT

4. Add approximately
700-800 mL of the
total volume of
ddH>O to the flask
and add PBS packet
and cover with foil

5.Turn the magnetic stir
plate on to a
low/moderate speed

6. Stir until solution is
completely mixed

7.Tare scale
8.Weigh 10 g BSA

9.Add all BSA into the
flask, replace the foil
cover and allow
solution to mix

10.  Stir until
solution is completely
mixed

11. Using a pipette,
add 500 uL Tween to
flask and let dissolve
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Reagent

Materials

Preparation

Stability/
Expiry

Note

12. Stir until
solution is completely
mixed

13. Remove flask
from stir plate, add
200 pL 5% Sodium
Azide

14. Mix thoroughly

15. Add remaining
ddH>O in the
graduated cylinder
while the solution
mixes; final volume
is 1000mL

16. Label with a
1000mL glass bottle
with reagent name,
date made, expiry
date, and initials

17. Pour buffer
from the flask into the
upper reservoir of
0.22 um filter unit
and filter.

18. pH to ~7.4
(omitted in 2021)

19. Store at 2-8 ° C
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Reagent Materials Preparation Stability/ | Note
Expiry
Sulfo-NHS 100 pL oN- 1.Label 1.5mL Must be | 10 pL
Hydroxysulfosuccini eppendorf tube with | made require
mide (Sulfo-NHS) reagent name and fresh d per
stored in date made bead
N- . bottommost left couplin
Hydroxysulfosuccin pull-out drawer of 2.Weigh out Sulfo- g
imide bottom half of -30 ° NHS appropriate for
C fridge making up a
50 mg/mL concentration of 50
Vendor: Pierce mg/mL — equal to 5
mg in 0.100 mL
Cat #: 24510
3.Add 5 mg Sulfo-
oddH>O at NHS to 0.100 mL
handwashing sink ddH,0O
4.Dissolve completely
5.Decant into labelled
eppendorf
6.Discard immediately
when experiment is
finished
References:
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