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Abstract Conventional testing for
HLA-specific antibodies employs
complement-dependent cytotoxicity
(CDC) which is labour intensive and
dependent on a supply of viable
lymphocytes. Our strategy to mini-
mise CDC screening is initially to
screen sera by ELISA (Quikscreen)
to detect HLA Class I-specific anti-
bodies. Negative sera are then
screened by flow cytometry (FCS)
using lymphoblastoid cell line pools
to detect HLA Class II-specific an-
tibodies. Only Quikscreen- or FCS-
positive sera are then tested by CDC
and, when indicated, with an ELISA
kit (PRA-STAT) for specificity def-

inition. Of 3680 sera, 886 (24.1 %)
were Quikscreen positive. Of the
2794 Quikscreen-negative sera, 374
(13.4 %) were FCS positive. There-
fore, only 1265 of the 3680 (34.3%)
sera contained HLA-specific anti-
bodies requiring specificity defini-
tion. This novel screening strategy
has significantly reduced the CDC
workload of the laboratory whilst
enabling the detection of additional
HLA-specific antibodies.
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Introduction

It has been established that preformed IgG antibodies
specific for donor HL A antigens may result in accelerat-
ed graft failure [5] and the production of HLA-specific
antibodies post-transplant has also been shown to be as-
sociated with graft failure [9]. An important role of the
histocompatibility laboratory is to detect and define
these antibodies to ensure prolonged transplant out-
come. Definition of the HLA specificity of antibodies
in patients awaiting renal transplantation avoids not
only graft failure but also unnecessary crossmatching,
which is a waste of both time and valuable resources.
The conventional method used to screen patient sera
for HLA-specific antibodies is complement-dependent
cytotoxicity (CDC) [8]. This test enables the detection
and definition of complement-fixing IgG and also IgM
antibodies which may be directed against HLA or non-
HLA targets, including autoantibodies. CDC has a
number of disadvantages, including the requirement

for large panels of viable lymphocytes in order to cover
all HLA specificities, subjective reading of the end test,
the inability to detect non-complement fixing antibodies
and the detection of autoreactive antibodies which are
irrelevant to transplant outcome [12].

More recently, flow cytometry and ELISA-based
technigues have been introduced which are not comple-
ment dependent. ELISA kits are now available com-
mercially which detect HLA-specific antibodies alone.
The Quikscreen kit is a solid-phase ELISA-based tech-
nique which detects the presence or absence of IgG,
IgM and IgA HL A Class I (HLA-A. -B and -Cw} specif-
ic antibodies but does not allow definition of HLA spec-
ificities [6]. The antigen source is obtained from a pool
of over 100 platelet donations, which are purified using
column chromatography and immobilised directly onto
microtitre trays. Quikscreen has been demonstrated to
be a rapid, user friendly method for screening large
numbers of sera for the presence of HLA Class [-specif-
ic antibodies [7, 13]. PRA-STAT is another ELISA-
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based assay which enables the detection and definition
of IgG HLA Class1 (HLA-A and -B) and Class II
(HLA-DR, -DQ and -DP}) specific antibodies [1]. It uti-
lises 96-well microtitre trays which have been precoated
with the pan-HLA monoclonal antibody TP 25, which is
directed toward the alpha-three domain of the HLA
molecule, after which the trays are coated with a panel
of soluble HLA antigens isolated from the culture su-
pernatants of 46 different, EBV-transformed, HLA-
phenotyped cells [4]. Advantages of an ELISA-based
assay include the detection of HLA-specific antibodies
alone, the ability to detect non-complement fixing anti-
bodies and semiautomation of the technique, which re-
moves the subjective reading of the end test.

Flow cytometry screening (FCS) techniques have
been developed for the detection of IgG antibody bind-
ing to lymphocytes [3]. Two pools of EBV-transformed
lymphoblastoid cell lines, each pool containing ten cell
lines grown up individually, are counted and pooled in
equal numbers. Sera are screened against both pools
and antibody binding is detected using a FITC-conjugat-
ed anti-human IgG. This technique is not complement
dependent and therefore detects IgG2 and IgG4. Disad-
vantages include the detection of non-HLA antibodies
and the inability to detect IgM antibodies.

FCS and ELISA techniques have generally been con-
sidered as alternatives to one another, however, they
both have their limitations. Consequently, we have de-
vised a screening strategy that employs each method in

N

CDC Negative

PRA-STAT
Specificity defined

No HLA specific
antibodies

turn to maximise the information obtained whilst mini-
mising the amount of CDC screening required.

The strategy is to screen sera from patients awaiting
renal transplantation with the ELISA Quikscreen kit
to detect HLA Class I-specific antibodies. Positive sera
are then tested by CDC using a 70-cell panel and, when
indicated, with the ELISA PRA-STAT kit for specificity
definition. Sera negative by Quikscreen are screened by
FCS using lymphoblastoid cell line pools to detect HLA
Class II-specific antibodies and confirm negativity for
Class I. FCS-positive sera are also tested by CDC and
PRA-STAT, as indicated for specificity definition. The
aim 1s to screen out the negative sera which comprise
the majority and focus on specificity definition for only
those sera known to contain HL.A-specific antibodies.
The strategy is illustrated in Fig. 1.

Materials and methods

Specimens

Serum samples (3680) from patients awaiting renal transplant were
screened for HLA-specific antibodies following the strategy out-
lined above.

Quikscreen assay

The Quikscreen assay was performed according to the manufactur-
er’s (GTI) instructions. Test sera and positive and negative con-
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trols were diluted, dispensed into the precoated microtitre plates
and incubated for 40 min at 37°C. The plate was washed, alkaline
phosphatase-conjugated goat anti-human IgG/IgM/IgA was added
and the plate incubated for a further 40 min. The plate was washed
again to remove any unbound conjugate and a chromogenic sub-
strate (p-nitrophenyl phosphate) was added. After a 30-min incu-
bation in the dark, the reaction was stopped by the addition of
1 M NaOH and the absorbance measured at 405 nm. Test results
showing optical density (OD) values equal to or greater than twice
the value obtained for the mean of the negative controls were re-
garded as positive results.

FCS

Two pools each of ten HLA phenotyped EBV-transformed lym-
phoblastoid cell lines were selected to cover 51 HLA Class ]
{HLA-A, -B, -Cw) and 22 Class II (HLA-DR. -DQ) specificities
and sera were tested against both pools. Cells and serum were in-
cubated for 45 min at 22°C. After washing in PBS, 0.1% BSA,
0.1% azide (PBS/azide) to remove unbound antibody, 3 ul of a
1: 1 dilution of FITC-conjugated anti-human IgG was added and
incubation continued at 4°C for a further 20 min. After a final
wash the cells were resuspended in 500 pl of PBS/azide and analy-
sed using an EPICS-XL flow cytometer. The negative control
threshold was set with a 2% confidence limit and test samples
were considered positive if the percentage binding was greater
than 5% from the negative control.

CcDC

Sera positive by either Quikscreen or FCS were batched and then
dispensed in 1-ul aliquots onto Terasaki trays and screened in a mi-
crolymphocytotoxicity assay using fresh or frozen cell panels. The
sera were screened initially with a random cell panel comprised of
40 HLA phenotyped individuals, followed by a panel of ten cells
selected to cover any specificities omitted in the initial screen. A
selected 20-cell panel of peripheral blood lymphocytes from pati-
ents with B cell chronic lymphocytic leukaemia was used to define
HLA Class II specificities. The test was incubated initially for 1 h
at 22°C after which rabbit complement was added. The test was
then incubated for a further hour at 22°C after which a cocktail of
fluorescent dyes were added. A black background was supplied
by the addition of india ink. The reactions were measured using
an inverted fluorescence microscope and the percentage cell death
recorded for each well.

PRA-STAT assay

The PRA-STAT assay was performed according to the manufac-
turer’s (SangStat) instructions. Test sera and controls were diluted
1: 101, dispensed onto precoated microtitre trays and incubated
for 2 h. After washing, a peroxidase-conjugated goat anti-human
1gG was added and the plates incubated for a further hour. The
plates were washed again to remove any unbound conjugate and a
chromogenic substrate (o-phenylenediamine dihydrochloride)
was added. After a 15-min incubation in the dark, the colour devel-
opment was stopped by the addition of 1 M HCI and absorbance
measured at 490 nm. A run was considered valid if the positive
and negative control values fell within the range specified by the
manufacturer. A delta value for each test was determined as the
OD of the well minus the OD of the corresponding no-antigen
well. A test was considered paositive when the delta value for the

well was greater than (0.35 x the mean positive reference. The man-
ufacturers recommend that the user does not totally rely on the
cut-off but ranks the wells according to delta value in order to de-
fine specificities that fall partially below the cut-off value.

Results

Initial prescreen

Of the 3680 analysed, sera 886 (24.1 %) were Quik-
screen positive and went forward for CDC testing. Of
the remaining 2794 sera, 374 (13.4 % ) were FCS positive
and also progressed to CDC testing. Of the total 3680
sera, 2420 (65.7 %) were negative by both methods and
therefore considered to contain no HLA-specific anti-
bodies and were not tested further.

Lymphocytotoxicity screening

A positive result for 1260 sera was generated Quik-
screen by either or FCS and were screened by CDC. Of
these, 691 have completed CDC testing and been analy-
sed: 58 sera were negative, 25 having been FCS positive
and 33 Quikscreen positive. These results are illustrated
in Fig.2.

Specificity definition

Of the total tested, 633 sera were CDC positive, 458
specificities were defined in 276 of these samples. The
remaining 58 sera were CDC negative, 15 specificities
have been defined in 21 of these sera by testing with
PRA-STAT. These results are shown in Fig. 3.

Discussion

The main aim of implementing this screening strategy
was to screen out the negative sera, which comprise the
majority, and focus specificity definition on only those
sera known to contain HLA-specific antibodies. CDC,
the conventional method for antibody screening, is time
consuming and absolutely dependent on a supply of via-
ble lymphocytes from a spectrum of donors. A further
disadvantage of CDC is the inability to detect non-com-
plement fixing antibodies which have been shown to be
graft damaging [14]. The more recently introduced ELI-
SA and FCS techniques are capable of detecting non-
complement fixing antibodies and, as the use of flow cy-
tometry crossmatching is becoming more prevalent, it is
important to use equally sensitive screening techniques.

Following the strategy outlined in this paper, only
one-third of the serum samples initially screened were
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positive with either Quikscreen or FCS and required
further testing by CDC. This substantial reduction in
CDC workload has enabled the use of larger cell pan-
els and, consequently, improved specificity definition.
In addition, the introduction of ELISA and FCS tech-
niques has enabled the detection of non-complement
fixing antibodies and IgM HLA-specific antibodies,
the relevance of which to graft outcome is still contro-
versial [10, 11] but is under further investigation. A ma-
jor advantage of both ELISA and FCS is that non-
HLA IgM autoantibodies are not detected and do not
give false indications of sensitisation. Whilst this is an
advantage in terms of specificity definition, the identifi-
cation of patients with non-graft-damaging IgM auto-
antibodies is essential in the crossmatch testing so that

I
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PRA-STAT RESULT
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5 out 9 positive
(-DR4, 7; -DQ3)

17 FCS Negative — 0 out of 3 positive
33 QS Positive

16 FCS Positive — 7 out of 9 positive
(-A2, 9, 10;
-B5, 7,12, 35;
-DR2)

a patient is not unnecessarily denied a transplant. It is
therefore essential that a laboratory has a system in
place to detect autoantibodies during patient work-up
for transplantation.

A total of 633 samples were CDC positive and 458
specificities were defined in 276 of these samples. In
the majority of cases when specificities could not be de-
fined, the patients had high levels of panel reactivity
(greater than 65 % ), which is recognised as making spec-
ificity definition difficult. It is sometimes possible to de-
fine specificities in highly reactive sera by testing in seri-
al dilution. Alternatively, one advantage of PRA-STAT
over CDC testing is that results can be ranked, using
the delta value, in order of the strength of reaction.
This facility allows definition of specificities in highly re-
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active samples as the delta values for antibodies tend to
cluster.

A number of discrepancies between the three tech-
niques was identified, all of which are under further in-
vestigation. There are several possible explanations for
these observed discrepancies. In the Quikscreen assay,
the antigen is immobilised directly to the well and it is
possible that this affects the conformation of the HLA
molecule in the trays, making them different from cell
surface-bound HLLA molecules. The Quikscreen kit is
available with two different anti-globulin reagents. The
one mainly used in this study was specific for IgG, IgA
and IgM and the other one is specific for only IgG. Sev-
eral studies have demonstrated that the anti-IgG re-
agent is more sensitive than the combined conjugate [2,
7]. It is therefore possible that some HLA-specific IgG
antibodies were not detected in our study. Problems as-
sociated with FCS testing include the detection of non-
HLA antibodies, which could account for sera found to
be positive only by FCS. Although the FCS panel was
selected to cover 73 HLLA specificities, some less com-

mon antigens were not represented in the pools. Ab-
sence of some specificities is also a problem encoun-
tered with PRA-STAT. Some 17 sera were positive by
Quikscreen, using both the anti-IgG and the combined
conjugate, but were FCS negative. These are under fur-
ther investigation to determine whether this was due to
differences in sensitivity and it is intended that these
samples be tested using Quik-ID, a specificity definition
kit soon to be marketed by GTIL.

Definition of the HLLA specificity of antibodies in pa-
tients awaiting renal transplantation avoids not only
graft failure but also unnecessary crossmatching, which
is a waste of both time and valuable resources. Antibody
screening is therefore a very important component of a
histocompatibility laboratory’s work. Implementation
of this novel screening strategy has significantly reduced
the CDC workload of the laboratory whilst enabling the
detection of additional HLA-specific antibodies.
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