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Abstract

BACKGROUND—In the Trial to Reduce Alloimmunization to Platelets (TRAP) study, 101 of
530 subjects became clinically refractory (CR) to platelets without lymphocytotoxicity assay
(LCA) detectable anti-HLA antibodies. The LCA only detects complement-binding antibodies,
and is less sensitive than newer assays. Utilizing a more sensitive bead-based assay that does not
distinguish between complement-binding versus non-complement-binding antibodies, we have
previously shown that while many LCA-negative (LCA™) patients do have anti-HLA antibodies,
these low-to-moderate level antibodies do not predict refractoriness. As complement can
contribute to platelet rejection, we assessed if previously undetected complement-binding
antibodies account for refractoriness among LCA™ patients.

STUDY DESIGN AND METHODS—Samples from 169 LCA™ (69 CR, 100 non-CR) and 20
LCA-positive (LCA*) (10 CR, 10 non-CR) subjects were selected from the TRAP study serum
repository. Anti-class | HLA 1gG and C1g-binding antibodies were measured in serum or plasma
with bead-based detection assays. Levels of C1g-binding antibodies were compared between CR
and non-CR subjects, and correlated with corrected count increments (CCIs).

RESULTS—While some of the LCA™ subjects had detectable C1g-binding anti-class | HLA
antibodies, and some LCA™ subjects did not, levels were significantly higher among LCA*
subjects. C1g-binding anti-class | HLA antibody levels did not differ significantly between CR and
non-CR among either the LCA™ or LCA™ subjects. Furthermore, there was no significant
correlation observed between CCls and either C1g-binding or any anti-HLA IgG antibodies.

CONCLUSIONS—This work confirms that low to mid level anti-class | antibodies do not drive
platelet rejection, suggesting a role for antibody-independent mechanisms.
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INTRODUCTION

Blood transfusion exposes recipients to a wide range of alloantigens expressed on the
surface of red cells, lymphocytes, and platelets. In response to these exposures, many
recipients develop antibodies against some of these antigens, which can complicate
subsequent transfusions and solid organ transplants.1 Recipients of platelet transfusions
most commonly develop antibodies against human leukocyte antigens (HLA) that are
expressed on the surface of platelets and white blood cells.! These antibodies are found in
7-55% of platelet recipients, depending on a number of factors including the number of
transfusions, platelet preparation, and patient population..:”-15 Anti-class I HLA antibodies
can lead to platelet refractoriness, requiring HLA matching of subsequent platelet
transfusions, which can lead to delays in treatment and roughly doubles the cost per unit.
Leukoreduction has been shown to reduce the frequency of alloimmunization, as well as the
magnitude and persistence of this antibody response, but has not eliminated this
complication.810-13.15-17

Anti-class I HLA antibodies can facilitate rejection of allogeneic platelets through several
different mechanisms. Once antibodies bind their target class | HLA antigen on the surface
of an allogeneic platelet, they can facilitate uptake by macrophages or other scavenger cells
via Fc receptor binding.18:19 Alternatively, a subset of these antibodies can bind C1q protein,
which can activate the classical complement cascade leading to direct lysis of the platelets as
well as enhance phagocytosis by scavenger cells expressing the C1q receptor.20:21

A number of different assays are used to detect anti-HLA antibodies, with varying
sensitivities and specificities. The lymphocytotoxicity assay (LCA) is an older assay that
detects only complement-binding antibodies by incubating the serum to be screened with
cells expressing various HLA antigens, and measuring cell lysis.”2223 More recently a
range of new assays have been developed utilizing either multianalyte bead-based platforms,
enzyme-linked immunosorbant assays (ELISAs), or flow cytometry.24-30 These newer
assays are generally more sensitive than the LCA, and some of them have the ability to
detect and/or distinguish between different types of antibodies including complement
binding and non-complement binding.3!

The Trial to Reduce Alloimmunization to Platelets (TRAP) study evaluated the effectiveness
of leukoreduction and ultraviolet light (UV) treatment in prevention of alloimmunization and
platelet refractoriness among a large cohort of acute myeloid leukemia patients receiving
multiple platelet transfusions.” The study found that these treatments did reduce the rates of
new anti-HLA antibody generation, from 45% for non-leukoreduced to 17% or 21% for
leukoreduced or UV treated, and that this also reduced platelet refractoriness. Intriguingly,
101 of the 530 subjects became refractory without detectable anti-HLA antibodies. As the
study used the LCA to detect antibodies, this suggested that either the antibodies were below
the limits of detection of this assay, or that antibody-independent mechanisms were
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responsible for platelet refractoriness in these subjects. Using a bead-based assay, we have
previously shown that while many of the subjects who previously tested negative for anti-
HLA antibodies with the LCA did have detectable antibodies using this more sensitive assay,
these low-to-moderate level antibodies were not associated with platelet refractoriness.32
The assay used in the previous study did not, however, distinguish between complement
binding and non-complement binding antibodies, which have been shown to be more
clinically relevant to platelet recovery.3! In addition, the previous study did not assess if
these low-to-moderate level antibodies were associated with lower CCls that did not meet
the threshold to be classified as refractory. As a result, though our findings suggested non-
immune mediated mechanisms were responsible for these LCA™ refractory cases, we were
not able to completely discount a role for these lower level antibodies in platelet rejection
among these subjects.

As the impact of low-to-moderate level complement-binding antibodies in platelet rejection
may have been masked by non-complement-binding antibodies, we have now measured
complement-binding antibodies using sensitive bead-based assays in these subjects to
determine if previously undetected complement-binding antibodies might be driving platelet
refractoriness among the LCA™ subjects. In addition, as platelet refractoriness is defined
using a categorical cutoff in corrected count increment (CCI), we have now examined the
relationship of both complement-binding and all anti-class | HLA antibodies with CCls to
determine if these lower level antibodies are associated with even small reductions in platelet
CCI following transfusion.

MATERIALS AND METHODS

Subjects and samples

One hundred sixty-nine LCA™ (69 clinically refractory (CR*), 100 clinically non-refractory
(CR7)) and 20 LCA* (10 CR*, 10 CR") subjects were selected from the TRAP study’ as
previously described.1>:32 Patients were categorized as CR™ if they had a one-hour post-
transfusion corrected count increment (CCl) of less than 5000 after 2 sequential transfusions
of ABO-compatible platelets as described in the original TRAP analysis.” Single samples
were selected for screening for each patient from among the available longitudinal samples
according to where the peak anti-HLA 1gG response had been detected in earlier studies.
Samples were collected under IRB approved protocols that included written informed
consent.

Antibody detection

Both any anti-class | HLA 1gG and specific C1g-binding anti-class I HLA IgG antibodies
were screened using three different methods: the LabScreen mixed Luminex assay (LSM),
the LabScreen single antigen class | assay (LS1A04), and the LabScreen single antigen class
| assay with added EDTA (LS1A04 + EDTA) (One Lambda, Canoga Park, CA). To detect
Clg-binding antibody, the C1gScreen assay (One Lambda, Canoga Park, CA) was used to
test the HLA coated beads (LSM and LS1A04). This assay uses R-phycoerythrin labeled
anti-human C1q antibody for detection of C1g-binding anti-HLA antibodies bound to HLA
coated antigen beads. For the LabScreen mixed Luminex assay, normalized background
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(NBG) ratios for each of the eight multi-antigen beads were determined, with the highest
value for each sample reported. For the LabScreen single antigen class | assay with or
without added EDTA, the highest trimmed mean for each sample is reported.

Statistical analysis

RESULTS

Comparisons between groups were made with unpaired t-tests using GraphPad Prism
(GraphPad Software, Inc, La Jolla, CA). Correlation between variables was evaluated using
GraphPad Prism. The decline in CCls was calculated by subtracting the lowest recorded 1
hour CCI from the 1 hour CCI measured following the first measured platelet transfusion for
the 1hr CCI decline, or by subtracting the lowest recorded 24 hour CCI from the 24 hour
CCI measured following the first measured platelet transfusion for the 24hr CCI decline.

Assay reproducibility and optimization

As the assays for anti-class | C1g-binding IgG were run at a different study site than the
previous analyses using sample remnants, there was some concern of site and kit variability
as well as potential sample degradation. To address this, we first compared the levels of any
detected anti-class | HLA 1gG antibodies between the current assays and previously
published results.32 Max NBG ratios were plotted for each sample and correlations between
the old and new measurements were evaluated (Figure 1A). A strong correlation was
observed between these two measurements with an r2 = 0.9736 (p<0.0001), demonstrating
good reproducibility with the original measurements.

To assess the complement-binding capability of anti-HLA antibodies present in these
samples, three different assays were used. The first was the LABScreen Mixed (LSM),
which does not distinguish between different HLA specificities of the antibody, but instead
uses multiple beads, each coated with multiple HLA antigens to bind anti-HLA antibodies,
followed by a detection step using C1q. The levels detected with this assay were plotted
against and correlated with the levels of any anti-class | HLA 1gG antibodies detected
(Figure 1B), and while a significant correlation was observed (r2 = 0.5230, p<0.0001), the
assay did not appear to detect much C1q binding antibody. The second and third assays used
a single antigen detection screen (LS1A04), either with or without EDTA added to
counteract the prozone phenomenon (when high concentrations of antibodies saturates
antigen binding, preventing cross-linking and detection).33 This assay distinguishes between
different class | HLA specificities by using beads coated with specific single antigens. The
levels detected with each of these assays were also plotted against and correlated with the
levels of any anti-class | HLA 1gG antibodies detected (Figure 1C-D) with significant
correlations observed (r2 = 0.2160, <0.0001, and r2 = 0.44477, <0.0001, respectively). All 3
assays were compared directly by plotting the maximum MFIs detected by each assay
(Figure 1E). The LS1A04 assay with added EDTA appeared to be the most sensitive and had
a clear bimodal distribution of MFIs, so data collected using this assay were used for the
remainder of the analyses.
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Clg-binding anti-HLA antibodies do not predict platelet refractoriness

As antibody complement-binding activity may be important for rejection of donor platelets,
we next looked to see if we could detect complement binding anti-class | HLA antibodies
missed by the LCA. C1g-binding anti-class | HLA MFIs were plotted comparing LCA™ and
LCA* patients (Figure 1F). The majority (15/20) of the LCA* samples had very high-level
antibodies, and overall the levels were significantly higher among the LCA* samples
(p<0.0001) compared with the LCA™ samples. There were, however, several LCA™ samples
with high or moderate level C1g-binding anti-class | HLA antibodies and 5 LCA* samples
with low or moderate levels of C1g-binding anti-class | HLA antibodies as well.

To determine if the newly detected complement-binding antibodies could account for some
of the platelet refractoriness seen among the LCA™ subjects, levels of detected C1g-binding
anti-class | HLA antibodies were compared between refractory (CR*) and non-refractory
(CR") subjects (Figure 2). No significant differences were seen between the refractory and
non-refractory subjects among either all subjects (Figure 2A), the LCA™ (Figure 2B), or the
LCA* (Figure 2C) subjects.

Low to moderate C1g-binding and total anti-HLA antibodies are not associated with
reduced CCls

Low-to-moderate C1g-binding antibodies do not account for the platelet refractoriness seen
in the LCA™ TRAP subjects, but they could still cause some platelet loss resulting in poorer
platelet CCls that did not meet the trial definition of refractoriness. To assess this, the
minimum 1 hour CCI measured for each subject was determined, along with a measure of
the decline in CCls. These values were compared between the CR* and CR™ subjects, with
significantly lower minimum values and a significantly higher decline in CCI values
compared to baseline CCI among the refractory subjects (Figure 3A). These values were
next plotted against the level of detected C1g-binding anti-HLA antibodies for all subjects
(Figure 3B), LCA™ subjects (Figure 3C), and for LCA* subjects (Figure 3D), and
correlations were accessed. There was no significant correlation observed for any of these
comparisons, though the sample size was very small for the LCA* subjects. The same
analysis was done using the 18-24 hour CClI to see if these antibodies might be more
important in delayed platelet rejection (Figure S1). No significant correlations were
observed for any of these comparisons.

We next compared the minimum 1 hour CCI and the decline in 1 hour CCI with all anti-
class I HLA antibody levels to determine if low-to-moderate level antibodies might predict
more subtle platelet loss than what is picked up using our cutoff for platelet refractoriness.
Correlation was assessed between minimum 1 hour CCI and the maximum normalized
detected class | antibody and the decline in 1 hour CCI and the maximum normalized
detected class | antibody for all subjects (Figure 4A), LCA™ subjects (Figure 4B), and LCA*
subjects (Figure 4C). No significant correlations were observed for any of these
comparisons. These analyses were also done using the 18-24 CClI values, with no significant
correlations observed (Figure S2).
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DISCUSSION

Allogeneic platelet transfusion can result in generation of an anti-HLA antibody response,
which can in turn result in failure of subsequent platelet transfusions through antibody
mediated complement lysis and opsonization. In the TRAP study, while the presence of
LCA detected antibodies was associated with development of platelet refractoriness, 101 of
530 subjects were refractory in the absence of these antibodies.” Low-to-moderate level anti-
HLA antibodies detected with more sensitive bead-based assays among the LCA™ TRAP
subjects do not produce platelet refractoriness.32 Here, using these more sensitive bead-
based assays, adapted specifically for C1g-binding anti-class | HLA antibody detection, we
have assayed the TRAP samples for complement-binding antibodies to see if they might
account for some of the platelet refractoriness among the LCA™ TRAP subjects. We found
that many of the LCA™ samples were positive for C1g-binding antibodies using these more
sensitive assays, but that these antibodies were also not associated with platelet
refractoriness. Furthermore, neither the C1g-binding antibodies nor any anti-class | HLA
IgG antibodies were associated with lower CCls that did not meet the criteria for platelet
refractoriness.

The new assay for C1g-binding antibodies was generally consistent with the original LCA
results, with significantly higher levels of antibodies detected among the LCA* individuals
with very high level antibodies detected in 15/20 of these subjects (Figure 1). The remaining
5 samples with weaker signal might be the result of antigens better picked up by the LCA.
Alternatively, this could be due to timing as we were only able to run a single sample for
each subject in the current analysis, and while we selected samples based on peak total anti-
class I HLA antibody response, this might not have been the peak of the complement-
binding antibody response for all subjects. A wide range of C1g-binding antibody levels was
seen among the LCA™ samples as well, including some individuals with levels comparable
to the high LCA* samples. This confirms that the new assay was able to detect complement-
binding antibodies missed by the initial LCA screen.

The levels of these newly detected C1g-binding assays did not differ between the refractory
and non-refractory LCA™ subjects, with a similar distribution seen in each group (Figure
2B). There was also no significant difference seen between the refractory and non-refractory
LCA* subjects, though this may be the result of small sample size; the 3 lowest signals were
seen in the non-refractory group (Figure 2C).

One criticism of our earlier study was that lower level antibodies might cause moderate
platelet loss, but not enough to reach the refractory threshold used (a CClI less than 5000
after 2 sequential transfusions with ABO-compatible platelets). We tested this hypothesis
both for C1g-binding and any anti-class | HLA 1gG antibodies and found no correlation
between levels of antibody and either the 1 hour or 18-24 hour CCls for the LCA™ subjects
(Figures 3C, 4B, S3C, and S4B). No significant correlations were seen among the LCA*
subjects either (Figure 3D, 4C, S3D, and S4C), though again, the sample sizes were small,
and for the C1g-binding antibodies, the distribution was very tight (Figure 3D and S3D).
The trends were, however, in the expected direction for the LCA™ subjects, that is, lower
CCls with increasing antibody MFIs.
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Taken together, this work confirms that non-antibody mediated mechanisms are responsible
for the refractoriness seen among the LCA™ subjects. A number of non-immune factors have
been shown to be associated with platelet refractoriness including splenomegaly, sepsis,
disseminated intravascular coagulation (DIC), venoocclusive disease, and graft-versus-host
disease.23435 Among the TRAP cohort, increased risk of refractoriness was shown to be
associated with heparin use, fever, bleeding, higher weight, and men, and additional factors
such as infection and palpable spleen were associated significant reductions in CCls.2

While these non-immune mediated mechanisms are known to result in platelet
refractoriness, it is somewhat surprising that the presence of low-to-moderate level
alloantibodies does not appear to contribute to platelet loss. One likely explanation for this is
the antigen specificities of these lower level responses. We have observed in other studies
that a wider range of antibody specificities is seen in patients with high levels of antibody.36
This makes some intuitive sense, as multiple allogeneic exposures would potentially boost
levels of specific antibodies where there were overlapping alloantigens, as well as introduce
new specificities with each exposure as unique alloantigens are seen. The greater the range
of the specificities, the more likely that an antibody will be reactive against a subsequent
new allogeneic donor resulting in platelet rejection. If this explanation is correct, low-level
antibodies should be perfectly able to drive platelet rejection if the donor platelets happen to
have HLA antigens matching the specificity of the antibodies. This is indeed what we have
seen in mouse models, where very low levels of antigen specific antibody efficiently reject
donor platelets (RPJ, manuscript submitted). In addition to increasing the level of antibodies,
repeated exposure to the same alloantigens should increase the affinity of the antibodies
produced, so higher level antibodies may also be associated with more potent antibodies.

Taken together, these data confirm that antibody-independent mechanisms are responsible
for a large portion of the platelet transfusion refractory TRAP cases. Furthermore, the
presence of anti-HLA antibodies, while associated with an increased risk of refractoriness
when present at high levels, do not always result in poorer platelet transfusion outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Higher levels of C1g-binding class| HLA antibody among L CA* subjects
Serum samples from TRAP study subjects that were previously screened for anti-class |

HLA IgG antibodies were retested for both any anti-class | HLA 1gG and C1g-binding anti-
class I HLA antibodies at a different study site. (A) To assess reproducibility of the original
findings the max NBG ratios of any detected anti-class | HLA 1gG antibodies were
compared between the current assays and the previously published results. Correlation
between these two values was evaluated, and the r2 was 0.9736 with p<0.0001. Three
different assays were used to measure C1g-binding class | HLA antibodies, (B) the
LabScreen mixed Luminex assay (LSM) with NBG ratios reported, (C) the LabScreen single
antigen class | assay (LS1A04) with MFI values reported, and (D) the LabScreen single
antigen class | assay with added EDTA (LS1A04 (+EDTA)) with MFI values reported and
each was correlated with the max NBG ratio for any detectable anti-class | HLA 1gG
antibodies. (E) As NBG ratios were not available for the LS1A04 assays, the distribution of
max MFIs from each assay were plotted for comparison. Bars indicate mean and standard
error. (F) Samples of platelet transfusion recipients from the TRAP study were previously
screened for anti-HLA antibodies using the lymphocytotoxicity assay (LCA). C1g-binding
class I HLA antibodies were measured using the LABScreen single antigen class | assay

Transfusion. Author manuscript; available in PMC 2018 June 25.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jackman et al.

Page 11

with added EDTA, and max MFIs were plotted for LCA™ versus LCA* subjects. Bars
indicate mean and standard error. Groups were compared by unpaired t-test, ***p<0.0001.
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Figure 2. C1g-binding class| HLA antibody levels not associated with platelet refractoriness
C1g-binding anti-class | HLA antibodies were measured using the LABScreen single

antigen class | assay with added EDTA, and max MFIs are plotted for non-clinically
refractory (CR™) versus clinically refractory (CR™) subjects (A) among all subjects, (B) LCA
~ subjects or (C) LCA* subjects. Bars indicate mean and standard error. Groups were
compared by unpaired t-test.
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Figure 3. Clg-binding class| HL A antibody levels not associated with reduced CCls
The minimum 1 hour CCI (lowest measured) and the decline in 1 hour CCI (earliest

measured CCI - minimum) were determined for each subject. (A) These values were plotted
for non-clinically refractory (CR™) versus clinically refractory (CR*) subjects, and groups
were compared by unpaired t-test, ***p<0.0001. Correlation was evaluated between these
measures of CCI and levels of measured C1g-binding anti-class | HLA antibodies for (B) all
samples, (C) LCA~ samples, and (D) LCA™ samples.
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Figure 4. Total class| HLA antibody levels not associated with reduced CCls
The correlation between both the minimum 1 hour CClI and the decline in 1 hour CCI with

total anti-class | HLA antibodies was evaluated for (A) all samples, (B) LCA™ samples, and

(C) LCA* samples.
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