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Technical Limitations of the C1q Single-Antigen
Bead Assay to Detect Complement Binding
HLA-Specific Antibodies
Craig J. Taylor, PhD,1 Vasilis Kosmoliaptsis, PhD,2 Jessie Martin, MSc,1 Graham Knighton, BSc,1

Dermot Mallon, PhD,2 J. Andrew Bradley, FMedSci,2 and Sarah Peacock, MSc1
Background. Solid-phase assays to distinguish complement binding from noncomplement binding HLA-specific antibodies
have been introduced, but technical limitations may compromise their interpretation. We have examined the extent to which
C1q-binding to HLA-class I single-antigen beads (SAB) is influenced by denatured HLA on SAB, antibody titre, and complement
interference that causes a misleading low assessment of HLA-specific antibody levels.Methods.Sera from 25 highly sensitized
patients were tested using Luminex IgG-SAB and C1q-SAB assays. Sera were tested undiluted, at 1:20 dilution to detect high-
level IgG, and after ethylene diamine tetraacetic acid treatment to obviate complement interference. Conformational HLA and de-
natured HLA protein levels on SAB were determined using W6/32 and HC-10 monoclonal antibodies, respectively. Denatured
HLA was expressed as HC-10 binding to untreated SAB as a percentage of maximal binding to acid-treated SAB. Results.

For undiluted sera, Luminexmean fluorescence intensity (MFI) values for IgG-SAB and C1q-SAB correlated poorly (r2 = 0.42). eth-
ylene diamine tetraacetic acid and serum dilution improved the correlation (r2 = 0.57 and 0.77, respectively). Increasing levels of
denatured HLA interfered with the detection of C1q binding. Consequently, the correlation between IgG-SAB MFI and C1q-SAB
MFI was lowest using undiluted sera and SABwith greater than 30%denaturedHLA (r2 = 0.40) and highest using diluted sera and
SAB with 30% or less denatured HLA (r2 = 0.86). Conclusions. Antibody level, complement interference, and denatured
HLA class I on SABmay all affect the clinical interpretation of the C1q-SAB assay. The C1q-SAB assay represents a substan-
tial additional cost for routine clinical use, and we question its justification given the potential uncertainty about
its interpretation.

(Transplantation 2017;101: 1206–1214)
Over the last decade there have been major technolog-
ical advances in the detection and characterisation of

HLA-specific antibodies which in turn have enabled a
better understanding of the role of alloantibodies in the
rejection of kidney allografts.1-3 Luminex single-antigen
HLA-antibody detection bead (HLA-single antigen beads
[SAB]) technology allows semi-quantitative detection of
donor HLA-specific antibodies (DSA) with a high level of
sensitivity and specificity.4 Screening for the presence of
DSA in the sera of potential recipients of a kidney allograft
allows selection of suitable antibody-compatible donors
and the development of de novo DSA together with the
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deposition of C4d on graft biopsy are diagnostic of antibody-
mediated allograft rejection and associated with inferior long-
term graft survival.

Although the availability of HLA-SAB has revolutionized
the detection of HLA-specific alloantibodies, it has become
clear that not all patients with DSA identified by HLA-SAB
experience allograft rejection and the period between devel-
opment of de novo DSA and deterioration in graft function
can vary from months to many years.5 The conventional
HLA-SAB detects all IgG subclasses, irrespective of their abil-
ity to initiate complement activation. It has been suggested
that those DSA that fix complement most effectively (IgG1
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and IgG3) are those most likely to cause allograft injury,
and in an attempt to detect such DSA, the solid phase
Luminex HLA-SAB assay has been modified to identify
only those DSA that bind C1q, the first component of com-
plement activation (C1q-SAB).6-9 In the C1q-SAB assay,
the presence and level of complement fixing IgG isotypes
bound to HLA-SAB are identified by the addition of exog-
enous C1q that bind the Fc region of complement fixing
IgG and is detected using a fluorescent-conjugated anti-
human C1q antibody. Clinical application of the C1q-SAB
assay has produced intriguing results that suggest C1q bind-
ing DSA are associated with graft damage, whereas IgG-
DSA that do not bind C1q are clinically benign.10 It is not
clear, however, whether this is due to the ability of the
C1q-SAB assay to distinguish between complement fixing
and noncomplement fixing IgG subclasses or whether posi-
tivity may also be affected by HLA-specific antibody level
and by technological artefacts that interfere with IgG and/or
C1q binding.11,12

The C1q-SAB assay represents a substantial additional cost
for routine clinical use, andwe and others have questioned the
justification for this given the potential uncertainty about its
interpretation.13,14 In the present study, we show that, in addi-
tion to the influence of antibody levels and interfering factors
(commonly referred to as the prozone phenomenon), the pres-
ence of denatured HLA class I protein on SAB may interfere
with the C1q-SAB assay.
MATERIALS AND METHODS

Study Group
Sera were obtained from 25 highly sensitised patients

awaiting deceased donor kidney transplantation at the
Cambridge Transplant Unit (12 men and 13 women; me-
dian age, 41 years; age range, 20-61 years). All patients
had calculated reaction frequency greater than 85% deter-
mined against a standardised panel of 10 000 consecutive
UK organ donors15 and had become sensitized by previous
transplant alone (N = 1), previous transplant plus blood
transfusions and/or pregnancy (N = 21), or blood transfu-
sion plus pregnancy (N = 3). Patient sera used in this study
had been obtained and stored for the purposes of antibody
screening and characterization to guide selection of future
antibody compatible donor and recipient pairs. This study
was conducted in accordance with the UK Human Tissue
Act that allows patients samples obtained for scheduled
purposes (testing for HLA-specific antibodies) to be
anonymized and used for pathology quality control and
assay performance assessment.

Detection of IgG HLA Specific Antibodies and C1q
Binding Using Luminex SAB

Patient sera were tested undiluted (neat), after ethylene
diamine tetraacetic acid (EDTA) treatment and at 1 in 20
dilution using LabScreen single-antigen HLA class I–
specific antibody detection beads (One Lambda, Canoga
Park, CA). The addition of EDTA to sera used in the SAB
assay acts as a chelating agent that sequesters calcium ions
and abrogates C1q formation and obviates complement in-
terference of FITC-labeled IgG detection reagent. Addition of
EDTA to sera results in only 5%dilution (5 μL 6%EDTA so-
lution to 95 μL test serum) and in validation tests by
Copyright © 2017 Wolters Kluwer H
ourselves and others, does not alter antibody binding to
SAB.16 In parallel, undiluted sera were tested using the
C1QScreen (One Lambda) according to standard proce-
dures. IgG-SAB and C1q-SAB binding levels were expressed
as normalized mean fluorescence intensity (MFI) using
HLA Fusion software (v3.2.0; One Lambda). All tests were
undertaken at the same time using the same kit batches to
minimise technical and operator variability.

Detection of Conformationally Folded and Denatured
HLA on SAB

The level of conformationally folded (native) HLA class I
protein expressed on the HLA-SAB was determined using
W6/32 mouse monoclonal antibody (mAb) that recognizes
a monomorphic HLA class I epitope expressed upon asso-
ciation of heavy chain and β2-microglobulin.17,18 Dena-
tured HLA protein expressed on SAB was determined using
HC-10 mAb that was raised against free HLA class I heavy
chain and loses reactivity upon association of heavy chain
with β2-microglobulin.19 HC-10 shows heterogeneity in
the level of binding to different class I free heavy chain, and
to account for this, denatured HLAwas expressed as HC-10
MFI value obtained using untreated SAB as a percentage of
maximal HC-10 MFI value obtained using denatured HLA
class I after acid treatment of SAB. The purpose of the acid
treatment of the HLA-SAB was to denature all the HLA pro-
tein and determine the maximal binding of HC-10 as shown
in Figure S1 (SDC, http://links.lww.com/TP/B289).20

Data Analysis
The correlation between IgG-SAB MFI (using undiluted,

EDTA-treated, and diluted sera) and C1q-SAB MFI data
was assessed using scatter plots in Microsoft Excel (Seattle,
WA). Pearson product moment correlation coefficients
(r) were calculated to describe the proportion of variance be-
tween IgG-SAB MFI and C1q-SAB MFI. We predicted that
the correlation would be a sigmoid curve, as turned out to
be the case, because C1q binding will remain negative until
a threshold of IgG binding is reached which allows IgG
bound to adjacent HLA molecules to be colinked by C1q as
described by Peacock et al.13 When this threshold is reached
one would expect a linear correlation, until there are saturat-
ing amounts of IgG present, and therefore, no additional
binding of C1q. A polynomial trendline allowing 3 orders
of data fluctuation (negative, increasing slope, and satura-
tion) was fitted by using the following equation to calculate
the least squares fit through points: y = b + c1x + c2x

2 +
c3x

3 + …+ c6x
6 where b and C1…C6 are constants

(Microsoft Excel).

RESULTS

Effect of EDTATreatment and Dilution of Patient Test
Sera on IgG-SAB MFI and C1q-SAB MFI

Luminex HLA class I SAB assays were undertaken using
undiluted sera, EDTA treated sera, and sera diluted 1 in 20.
The results were compared with those obtained for unmodi-
fied sera tested using the C1q-SAB assay (Figure 1).

The correlation between IgG-SABMFI using undiluted sera
and C1q-SAB MFI (Figure 1, panel A) was low (r2 = 0.418)
with many SAB populations showing high MFI values for
IgG-SAB but low MFI for C1q-SAB and vice versa. This
suggests that many sera contain high-level IgG HLA class
ealth, Inc. All rights reserved.



FIGURE 1. Effect of serum treatment on IgG-SAB and C1q-SAB binding. Undiluted sera (panel A), EDTA treated sera (panel B) and 1 in 20
diluted sera (panel C) obtained from 25 highly sensitised patients were tested using Luminex HLA class I IgG-SAB. The results (IgG-SABMFI,
x-axis) were compared with that obtained for undiluted sera tested using C1QScreen (C1q-SAB MFI, y-axis). The results show improved cor-
relation coefficients (r2) between IgG-SABMFI and C1q-SABMFI after correction for the prozone effect (EDTA-treated sera) and taking account
of high titre IgG HLA specific antibody (diluted sera) compared with the conventional assay performed using untreated sera.
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I–specific antibodies that do not bind C1q and low-level IgG
with strong C1q binding. The addition of EDTA to obviate
complement interference in the IgG-SAB assay (Figure 1,
panel B) improved the correlation between the MFI values
for IgG-SAB and C1q-SAB (r2 = 0.568). Sera that previously
displayed low-level IgG binding but strong C1q-SAB binding
were revealed by EDTA treatment to contain high-level IgG-
SAB binding. After EDTA treatment sera still displayed high
level IgG-SABMFI against some antigen specificities that did
not bind C1q-SAB. Dilution of test sera to identify only high
titre HLA-specific antibodies (Figure 1 panel C) further im-
proved the correlation between MFI values for IgG-SAB
and C1q-SAB (r2 = 0.769).

Analysis of Conformationally Folded and Denatured
HLA Class I Protein Expression on SABs

Figure S1 (SDC, http://links.lww.com/TP/B289) shows the
levels of conformationally folded (native) and of denatured
HLA class I antigen (W6/32 and HC-10 mAb binding respec-
tively) bound to the surface of HLA class I SABs. The levels of
native HLA class I antigen (W6/32 mAb binding) bound to
the different bead populations was remarkably similar for all of
the HLA-A and -B specificities and for most (13 of 16, 81%)
HLA-C specificities. In contrast, the levels of denatured HLA
class I antigen detected (HC-10 mAb binding) varied markedly
between different bead populations and ranged between 19%
and91%(mean, 69%; SD, 21%)of maximal HC-10 binding
Copyright © 2017 Wolters Kluwer
on the beads (Figure 2). Nine of the 31 HLA-A specificities
(29%) expressed low level (≤30%) denatured HLA anti-
gen, whereas all 49 HLA-B and all 16 HLA-C bead specific-
ities expressed greater than 30% denatured HLA.

Effect of Denatured HLA Protein on IgG-SAB MFI and
C1q-SAB MFI

HLA-SAB populations were stratified according to the
level of bound denatured HLA, and the relationship with
IgG-SABMFI and C1q-SABMFI was analyzed (Figure 3). For
HLA-SAB with greater than 30% denatured HLA, the correla-
tion coefficient between IgG-SABMFI and C1q-SABMFI was
lower than that observed for SAB populations with 30%
or less denatured HLA. This was the case for undiluted test
sera (r2 = 0.401 vs 0.647), EDTA-treated sera (r2 = 0.555 vs
0.721), and diluted sera (r2 = 0.760 vs 0.861). These results in-
dicate that denatured HLA on SAB can interfere with the C1q
assay and hence lead to a poorer correlation between IgG-SAB
MFI and C1q-SABMFI: the difference was most marked using
untreated and EDTA-treated sera, and less notable using diluted
sera. Of note, SAB specificities that displayed high-level IgG-SAB
MFI and low-level C1q-SABMFI were predominantly found in
SABpopulationswith greater than 30%denatured HLA, sug-
gesting that denaturedHLAprotein interfereswith the ability
of IgG to bind C1q in this solid phase assay.

We next considered the effect of higher cutoff levels of de-
natured HLA class I protein expressed on SAB on the
 Health, Inc. All rights reserved.
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FIGURE 2. Assessment of levels of denatured HLA class I protein on single antigen bead populations. The level of denatured HLA class I pro-
tein expressed on SABwas determined by comparing HC-10MFI value for each SAB population tested using untreated SAB as a percentage
of maximum HC-10 MFI value tested using acid treated (denatured) SAB.

© 2017 Wolters Kluwer Taylor et al 1209
correlation between IgG-SAB MFI and C1q-SAB MFI
(Table 1). As the cutoff level of denatured HLA was in-
creased, the correlation between IgG-SAB MFI and C1q-
SAB MFI decreased progressively. This effect was more
marked when undiluted test sera were used, than when di-
luted sera or sera treated with EDTAwere used in the assays.
Relationship Between IgG-SAB MFI and C1q-SAB MFI
for Individual Patient Sera

Analysis and display of sera from individual patients pro-
vided additional insights into the relationship between IgG-
SABMFI and C1q-SABMFI. Individual patient sera showed
2main patterns of HLA-SAB binding, as illustrated by the re-
sults for the 2 selected patient sera shown in Figure 4. Using
undiluted test serum, IgG-SAB MFI and C1q-SAB MFI for
both patients correlated poorly (r2 = 0.497 and 0.241, respec-
tively). After correction for the complement interference
using EDTA-treated sera and detection of high titre IgG anti-
bodies using diluted sera, sera from patient 1 displayed a very
good correlation between IgG-SAB MFI and C1q-SAB MFI
(r2 = 0.959 and 0.983, respectively). In contrast, use of EDTA
and serum dilution of serum from patient 2 produced only a
modest improvement in the correlation between IgG-SAB
MFI and C1q-SABMFI (r2 = 0.720 and 0.819, respectively).
When, for serum from patient 2, the effect of denatured HLA
on C1q-SABMFI was considered (Figure 5), the overall poor
correlation observed for IgG-SAB MFI and C1q-SAB MFI
was shown to be almost entirely restricted to SABwith greater
than 30% denatured HLA (r2 = undiluted sera 0.170; EDTA
treated sera 0.593; diluted sera 0.719) and a very close
Copyright © 2017 Wolters Kluwer H
correlation was seen for EDTA treated and diluted sera with
30% or less denatured HLA (r2 = EDTA treated 0.949; diluted
sera 0.975).

DISCUSSION
The findings from the present study highlight limitations in

the use of solid phase bead assays to differentiate between
complement binding and noncomplement binding HLA-
specific antibodies in the serum of highly sensitized patients.
The standard IgG-SAB assay has revolutionizedHLA alloanti-
body screening, but it detects all IgG subclasses regardless of
their ability to fix complement. It has been proposed that IgG
antibodies that are complement binding are of greater clinical
significance for predicting kidney transplant outcome.6-10,21-25

The introduction of the C1q-SAB assay as a tool to differ-
entiate complement binding from noncomplement binding
IgG is therefore a very promising development.

Although early studies using C1q-SAB suggested that
detection of C1q binding DSAwas independent of alloan-
tibody level,10 no correction was made for interfering fac-
tors that cause a misleadingly low assessment of IgG-SAB
binding.11-14,26-29 The strong association of C1q and C3d
donor-specific antibodies detected using Luminex SAB assays
with antibody-mediated rejection and graft loss observed by
Loupy et al10 and Sicard et al30 provides an important basis
for prognostic monitoring and to guide treatment options. It
remains to be shown, however, that in vitro detection of com-
plement products in solid phase assays is independent of anti-
body strength.31 The present analysis confirms that undiluted
sera tested in the standard IgG-SAB assay gives results that
correlate poorly with those obtained using the C1q-SAB assay,
ealth, Inc. All rights reserved.



FIGURE 3. Effect of denaturedHLA class I protein expression on IgG-SAB andC1q-SAB binding. Undiluted sera (panels A and B), EDTA treated
sera (panels C and D) and 1 in 20 diluted sera (panels E and F) were tested using Luminex HLA class I IgG-SAB. The results (IgG-SABMFI, x-axis)
were compared to that obtained for undiluted sera tested using C1QScreen (C1q-SABMFI, y-axis). SAB populations were stratified into 2 groups
according to 30%or less denaturedHLA protein expression (panels A, C, and E) and greater than 30%denatured protein (panels B, D, and F). The
results show that for each serum treatment, the correlation coefficient between IgG-SAB MFI and C1q-SAB MFI was higher for SAB populations
that express low levels (≤30%) of denatured HLA compared to high levels (>30%) of denatured HLA.
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in keeping with the hypothesis that the 2 assays detect func-
tionally distinct alloantibody populations. However, when an-
tibody level and the contribution of complement interference
are taken into account, there is a clear correlation between
the presence of high level IgG detected by IgG-SAB and
the ability to bind C1q in the C1q-SAB assay. This finding is
in keeping with other recent studies questioning whether
the C1q-SAB assay provides useful additional informa-
tion.32 There has been growing awareness that interfering
factors29,33,34 and antibody level31,32 are important and
the correlation betweenC1q-SABbinding andworse graft out-
comemay be an indication of antibody strength. In addition to
TABLE 1.

Effect of denatured HLA protein level expressed on HLA clas
C1q-SAB MFI

% denatured HLA expressed on SAB populations No. SAB combinations

All SAB 2400
≤30% denatured SAB 225
≤40% denatured SAB 475
≤50% denatured SAB 500
≤60% denatured SAB 625
≤70% denatured SAB 923
≤80% denatured SAB 1416

(r) = Pearson correlation coefficient.

Copyright © 2017 Wolters Kluwer
C1q complement interference in HLA solid phase assays,
Schwaiger et al33 also demonstrated a role for complement
split product, in particular C3d and C4d, as a cause of
complement interference. Studies have shown that de novo
formation of posttransplant donor-HLA–specific antibod-
ies may be associated with C4d deposition in the capillaries
of the graft and graft failure (reviewed in Böhmig et al35). It is,
however, likely that denatured HLA class I might pose similar
limitations on other solid phase assay-based complement de-
tection techniques for C4d and C3d.14,30,35

A limitation of the present study is that we did not investi-
gate potential complement fixing and noncomplement fixing
s I SAB and the relationship between IgG-SAB MFI and

Untreated serum (r) EDTA-treated serum (r) Diluted serum (r)

0.418 0.568 0.769
0.647 0.721 0.861
0.549 0.670 0.826
0.544 0.665 0.821
0.501 0.629 0.823
0.454 0.582 0.802
0.417 0.560 0.792
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FIGURE 4. Examples of IgG-SAB and C1q-SAB MFI binding profiles for 2 selected patients. Undiluted sera (panels A and B), EDTA treated
sera (panels C and D) and sera diluted 1 in 20 (panels E and F) obtained from 2 selected patients (patient 1 and patient 2) were tested using Luminex
HLAclass I IgG-SAB.MFI values for IgG-SAB (x-axis) were compared to that obtained for undiluted sera tested usingC1QScreen (C1q-SAB, y-axis).
For patient 1 untreated serum, the correlation coefficient (r2) between MFI values obtained using IgG-SAB MFI and C1q-SAB was poor,
but after correction for the prozone effect (EDTA treated serum) and taking account of high level IgG (diluted serum), the correlation was
near perfect. For patient 2, the correlation between IgG-SAB MFI and C1q-SAB MFI using untreated serum was poor, and EDTA treat-
ment and serum dilution gave only a relatively modest improvement.
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IgG isotypes, although most sera contain a mixture of IgG
isotypes and very few contain DSA with noncomplement
fixing IgG2 and IgG4 isotypes alone.11 Otten et al20 reported
that donor HLA-specific antibodies can corecognize intact
and denatured HLA. They are present in the serum of pa-
tients in the absence of an allosensitization event and may
have high MFI, but are not associated with renal transplant
rejection.20,36,37 The presence of antibodies to both dena-
tured and native HLA on SAB could, therefore, give an ar-
tificially high MFI to bead specificities that carry large
amounts of denaturedHLA protein on their surface. Further,
such antibodies might also bind C1q in the C1q-SAB assay,
but have no clinical relevance after kidney transplantation.

Correction for the level of alloantibody alone in the IgG-
SAB assay does not fully account for the differences obtained
with IgG-SAB and C1q-SAB and there remain examples of
high level IgG binding that do not bindC1q. The novel aspect
of the present study is the observation that the presence and
level of denatured HLA protein on SAB may interfere with
the ability of IgG to bind C1q in the solid phase assay. After
correction for complement interference (using EDTA-treated
sera) and HLA-specific antibody titre (using diluted sera),
and taking account of denatured HLA protein expressed on
HLA-SAB, the correlation between results obtained using
IgG-SAB and C1q-SAB was shown to be very good. This
Copyright © 2017 Wolters Kluwer H
suggests that a positive IgG-SAB but negative C1q-SAB result
does not necessarily indicate the presence of noncomplement
fixing antibodies, but instead, may indicate interference by
denatured HLA in the C1q solid phase assay.

Antibody-mediated activation of the classic pathway of
complement is initiated when C1q binds the Fc region of
antigen bound IgG. The relatively low affinity of the inter-
action between IgG-Fc and C1q is strengthened through
the high avidity provided by the hexameric C1q mole-
cule.38 In physiological conditions, antigen present within
a cell membrane are crosslinked by IgG monomers to form
antigen/antibody clusters that enable multivalent C1q to
bind exposed Fc regions of multiple IgG molecules, giving
a higher C1q binding constant. In contrast, in a solid phase
assay, immobilized antigen bound to polystyrene beads is
not able to form areas of high IgG/antigen clusters. In this
situation, the ability of C1q to bind IgG-Fc is dependent on
correct antigen/antibody spatial orientation that requires
permissive spacing of antigen bound IgG-Fc to enable high
avidity multivalent C1q binding.13 Therefore, the combi-
nation of high SAB antigen density and high IgG levels
are critical for C1q binding. In addition, the presence of dena-
tured antigen on SAB interferes with native antigen spacing
and may interfere with the ability of complement binding
IgG isotypes to bind C1q.
ealth, Inc. All rights reserved.



FIGURE 5. Effect of denatured HLA class I protein expression on IgG-SAB and C1q-SAB binding profiles for patient 2. For patient 2 serum,
MFI values obtained using IgG-SAB (x-axis) were compared with those tested using C1QScreen (C1q-SAB, y-axis). The results were stratified
according to the level of denaturedHLA (≤30%versus >30%) expressed on the different SABpopulations. For SAB that expressed 30%or less
denatured HLA there was a high correlation between MFI values obtained using IgG-SAB and C1q-SAB assays, particularly when using EDTA
treated and diluted serum. In contrast, for SAB that expressed greater than 30% denatured HLA, for undiluted serum the correlation was very
poor, and showed only a modest improvement using EDTA-treated and diluted serum.
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In the present study, expression on SAB of high levels of
conformationally folded HLA class I heavy chain/β2 micro-
globulin protein was, with the exception of 3 HLA-C locus
antigens, remarkably consistent. This contrasts with early ex-
perience of Luminex HLA-SAB kits that showed overall
lower and highly variable antigen expression on SAB popula-
tions.39 It seems, however, that consistently high levels of na-
tive HLA class I protein expressed on most SAB populations
has been achieved, in some cases, at the expense of high levels
of denatured (free class I heavy chain) HLA protein, and this
is most notable for HLA-B and HLA-C.20 It may be that the
manufacturing process to increase the levels of HLA protein
has contributed to the variable levels of denatured protein
or that some HLA specificities are more stable than others.
The absolute percentages of HC-10 binding (before and after
acid treatment) shown in Figure 2 are likely to be influenced
by (a) the extent to which HC-10 binds the given HLA class I
specificity (because there is published evidence that HC-10
binds different specificities to a variable extent), and (b) the
“nonspecific” effects of acid treatment on antigen, which
means the percentage of binding before acid treatment and
as a percentage of total binding after acid treatment are likely
to be proportionate.

It has been reported by Tran et al40 that W6/32 can bind
both complete HLAmolecules and free HLA-B heavy chains,
Copyright © 2017 Wolters Kluwer
although the absence of W6/32 binding free heavy chain
expressed on acid-treated SAB clearly demonstrates that
W6/32 does not bind to a significant extent to denatured
HLA class I protein (all MFI <150).20 Although expression
of denatured HLAwill have little or no effect on IgG binding
to native HLA proteins in the conventional IgG-SAB assay,
our data suggest that high levels of denatured HLA causes
technical interference in the C1q-SAB assay that can produce
misleading results. Our data indicate that the effect of in-
creasing levels of denatured HLA on SAB is most notable
using untreated sera, but there is little effect using diluted
sera. The likely explanation for the less pronounced cor-
relation is that when sera are diluted, only high titre
HLA-specific antibodies are detected by binding to SAB, and
the ability of these to bind C1q is less influenced by the
presence of denatured HLA on SAB.

It should also be remembered that the patient cohort in our
present study were particularly highly sensitized, and none
were sensitized by blood transfusion alone. It is not, there-
fore, clear if our findings are also applicable to patients with
lower levels of sensitisation (eg, by blood transfusion alone),
but the ability of HLA antibodies to bind C1q is likely to re-
late to antibody titre and affinity and not the nature of the al-
loantibody priming event per se. Further, the thrust of
our study was to highlight the technical limitations of the
 Health, Inc. All rights reserved.
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C1q-SAB, and we did not therefore seek to correlate such
data with biopsy findings and clinical outcomes which was
beyond the scope of this study.

Given our findings with respect to HLA class I, analysis
of denatured HLA class II on C1q binding would now be
of interest, but again was beyond the scope of the present
study. Although there are reports of suspected antibody bind-
ing to denatured HLA class II molecules in Luminex SAB as-
says, there is no direct evidence that antibody binding is to
denatured protein.41,42 A potential problem of undertaking
a similar analysis for HLA class II is that we are unaware of
comparable mAbs to HC-10 that detect denatured HLA class
II. To undertake such a study would ideally require analysis
of free alpha and β chains of HLA-DR, -DQ, and -DP, and
we are not aware that appropriate reagents are available
to perform such a study.

In conclusion, the present study shows that antibody level,
interfering factors, and the presence of denatured HLA pro-
tein on class I SAB may all affect the clinical interpretation
of the C1q assay. Interest in the C1q binding assay to detect
clinically relevant HLA antibodies continues to increase,
and our study highlights the importance of technical fac-
tors that may affect its clinical interpretation. Given these
uncertainties and the considerable costs involved, the addi-
tion of the C1q-SAB assay into routine clinical practice is
difficult to justify.
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