
Review Article · Übersichtsarbeit

Dr. Falko Markus Heinemann
Institute for Transfusion Medicine
University Hospital Essen
Virchowstraße 179, 45147 Essen, Germany
Tel. +49 201 723-4207, Fax -5906
falko.heinemann@uk-essen.de

© 2009 S. Karger GmbH, Freiburg

Accessible online at: 
www.karger.com/tmh

Fax +49 761 4 52 07 14
Information@Karger.de
www.karger.com

Transfus Med Hemother 2009;36:273–278
DOI: 10.1159/000228834

Received: April 14, 2009
Accepted: July 9, 2009
Published online: July 21, 2009

HLA Genotyping and Antibody Characterization Using 
the Luminex™ Multiplex Technology
Falko Markus Heinemann

Institute for Transfusion Medicine, University Hospital Essen, Germany

Introduction

Histocompatibility diagnostics is traditionally performed 
in medical laboratories which are specialized in the field of 
analyzing human leukocyte antigens (so called HLA laborato-
ries). However, it has to be realized that the complete range of 
histocompatibility diagnostics from low to high resolution lev-
els will be concentrated to a smaller number of high-through-
put laboratories with diminished laboratory staff in the future. 
Today, most small- and medium-sized HLA laboratories use 

commercially available kits on the basis of sequence-specif-
ic primers (PCR-SSP technology) for HLA typing which is 
work-intensive and time-consuming for technical staff. In con-
trast, a sequence-based HLA typing strategy using capillary 
electrophoresis sequencers requires large investments in tech-
nology and is therefore often used in high-throughput HLA 
laboratories. The new Luminex (Luminex Corporation, Aus-
tin, TX USA) technology combines rapid sample processing 
in a 96-well format combined with limited technical complex-
ity which means high cost efficiency. Especially the test dura-
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Summary
The Luminex-based human leukocyte antigen (HLA) an-
tibody screening technology is widespread used in labo-
ratories affiliated to kidney transplantation programs 
and enables both screening (i.e. the definition of posi-
tive or negative antibody status) and antibody identifi-
cation with high sensitivity and specificity. HLA typing 
at different levels of resolution with Luminex technology 
uses sequence-specific oligonucleotide probes bound to 
color-coded microbeads in order to identify HLA alleles 
encoded by the DNA sample. In general, the Luminex 
technology for histocompatibility analyses provides 
rapid sample processing in a 96-well format combined 
with limited technical complexity which means high cost 
efficiency.
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Zusammenfassung
Die Luminex-basierte Technologie des «Human leukocyte 
antigen»(HLA)-Antikörper-Screenings ist in Laboratorien, 
die an Nierentransplantationsprogrammen teilnehmen, 
weit verbreitet. Sie ermöglicht sowohl das Screening 
(d.h. die Bestimmung eines positiven oder negativen An-
tikörperstatus) als auch die Antikörperidentifizierung mit 
hoher Sensitivität und Spezifität. Zur HLA-Typisierung 
für verschiedene Auflösungslevel mit Hilfe der Luminex-
Technologie werden sequenzspezifische Oligonukleotid-
Sonden (sequence-specific oligonucleotide probes), die 
an farbkodierte Mikrobeads gebunden sind, verwendet, 
um HLA-Allele zu identifizieren, die durch die DNA-Probe 
kodiert werden. Im Allgemeinen ermöglicht die Lumi-
nex-Technologie für Histokompatibilitätsanalysen eine 
schnelle Probenprozessierung in 96-Well-Platten bei be-
grenzter technischer Komplexität und geht so mit einer 
hohen Kosteneffektivität einher.
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tion and the costs for acquisition of machines are significantly 
lower as compared to the establishment of a sequence-based 
HLA typing strategy. Moreover, the companies providing his-
tocompatibility testing assays for Luminex offer a variety of 
tests covering different HLA loci and levels of resolution for 
genotyping and also for antibody diagnostics (commercial kits 
are LABScreen™ and LABType™ assays provided by One 
Lambda Inc., Canoga Park, CA, USA, and Lifecodes™ assays 
by Tepnel Corp., Stamford, CT, USA).

The Luminex Technology

The basic principle of the Luminex technology is the ability to 
measure multiple analytes simultaneously in a single reaction 
well. Molecular reactions take place on the surface of plas-
tic microbeads (microspheres) that are color-coded using a 
blend of different fluorescent intensities of two dyes. When 
using this method, over 100 distinct microbead sets can be cre-
ated. The microbeads act as molecular carriers that capture 
samples and are then tagged with a fluorescence-labeled re-
porter binding to the captured sample on the microbead. Af-
terwards, the microbeads are transported into the Luminex 
analyzer by using a precision sheath fluid stream to align them 
in single file, where they pass through two lasers, similarly to 
classical flow cytometry. One laser excites the colors inside 
the microbeads to identify which microbead is currently being 
read. The second laser excites the color on the microbead sur-
face, i.e. the labeled reporter tag. Finally, the color signals are 
detected by an advanced optical system, and the signals are 
processed into data for each reaction.

HLA Antibody Characterization using Luminex

Despite effective immunosuppression, the presence of anti-
HLA antibodies in the recipient’s serum prior to renal trans-
plantation is still recognized as a prominent risk factor for 
irreversible kidney allograft rejection. Screening for such pre-
formed alloreactive antibodies was traditionally performed 
using the complement-dependent cytotoxicity assay (CDC) 
which detects complement-activating IgG1/3 and IgM anti-
bodies. This assay uses a panel of HLA-typed lymphocytes 
to determine so-called panel-reactive antibodies (PRA). For 
instance, a positive reaction against half of the cells within the 
panel is expressed as a panel reactivity of 50% PRA. The spe-
cificity of the CDC is limited due to positive reactions medi-
ated through cytotoxic antibodies directed against non HLA 
molecules. In addition, the sensitivity of the CDC is also limi   
ted because only complement-activating antibodies result in 
positive reactions. More recently, solid-phase methods such as 
ELISA and flow cytometry-based techniques (using classical 
flow cytometry or Luminex) were introduced to overcome the 
limited sensitivity and specificity of the CDC. An additional 

advantage of these new techniques is a differential detection 
of anti-HLA class I and class II antibodies of the IgG isotypes 
which are generally accepted to be of relevance for kidney 
transplantation [1].

Today the Luminex-based antibody screening technology is 
widespread used in laboratories affiliated to kidney transplan-
tation programs and enables both screening (i.e. the definition 
of positive or negative antibody status) and antibody identifi-
cation with high sensitivity and specificity. The commercially 
available test kits use purified HLA antigens immobilized di-
rectly on a panel of microbeads (fig. 1). These HLA molecules 
on the microbeads are targets for HLA-specific antibodies in 
a given patient sample instead of viable cells as targets for the 
antibodies when the CDC is used. Anti-HLA antibodies of the 
IgG isotypes which are bound to the microbeads are detected 
by a secondary IgG-specific antibody which is conjugated with 
R-phycoerythrin (PE). For washing steps, centrifugation or 
filter plates combined with vacuum are used. The size of the 
microbead panel used by a specific test kit differs depending 
on the type of analysis the kit was composed for: Screening 
assays for pure detection of antibodies (‘positive’ or ‘negative’ 
HLA class I or class II antibody status of a serum sample) use 
only a few microbead populations, whereas a highly specific 
so-called ‘single antigen’ assay needs almost the complete set 
of 100 microbeads available to cover each HLA specificity on 
a distinct microbead population. Unfortunately, the number 
of microbead populations used for a specific assay is directly 
reflected in the costs for this assay.

Introduction of the Luminex Antibody Screening  
Technology in Laboratory Routine

In our HLA laboratory we started with Luminex-based an-
tibody screening (LABScreen) in the year 2001. Three years 
later we performed a comparative analysis which included 458 
serum samples analyzed by Luminex for HLA class I- and 347 
for HLA class II-specific antibodies from the local transplant 
program [2]. The results were correlated with the CDC- (in-
house) and ELISA-derived (LATM , One Lambda Inc.) re-
sults. Additionally, in a second study we analyzed ‘difficult’ 
serum samples from two study groups (i.e. sera that revealed 
borderline positive results with ELISA in comparison to high 
PRA sera) using Luminex and classical flow cytometry (Flow-
PRA , One Lambda Inc.) ‘single antigen’ microbead assays 
which were newly available at that time [3].

In 241/458 (53%) sera analyzed in the first study we could 
identify antibodies directed against HLA class I allotypes 
both by CDC and Luminex. However, only 121/458 (26%) 
sera showed fully concordant specificities, whereas with the 
Luminex approach additional HLA class I specificities were 
found in 183/458 (40%) sera. In 46/458 (10%) sera we found 
completely different results in the two assays. We could ob-
serve that the CDC (with or without the addition of dithioth-
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reitol (DTT) to eliminate antibodies of the IgM isotype) was 
able to identify HLA specificities in sera with moderate PRA 
values (ranging from 10 to 70% PRA). However, in several 
sera with high PRA values (70–100% PRA) or sera which 
contain very low antibody titers (below 10% PRA), the CDC 
is unable to clearly define HLA specificities. In such cases the 
Luminex method, especially in combination with ‘single anti-
gen’ microbeads, can substantially improve the HLA antibody 
screening results. Regarding the FlowPRA ‘single antigen’ 
test, our study revealed difficulties with the interpretation of 
the results due to insufficient discrimination between posi-
tive and negative reactions. False-positive reactions may also 
occur in Luminex as a consequence of the software analysis 
when the fixed microbead default background values were 
used for calculating the final result. An advantage of up to 
date analysis software is the option to use a background value 
obtained from an internal laboratory-specific negative con-
trol. This procedure provides the benefit of uniform machine 
conditions, identical reagents, and minimal technical handling 
problems for all samples including the negative control. Using 
a laboratory-specific negative control may reduce the percent-
age of discrepancies of false-positives and false-negatives be-
tween Luminex and flow cytometry significantly. Other prob-
lems could be patient samples with high background, low posi-
tive control values, and low negative control values. These can 
be resolved when the patient serum is treated with a special 
adsorption procedure using the reagent AdsorbOut™ (One 
Lambda Inc.).

Finally, a positive cross-match test, which is still done by 
CDC in most countries, represents the ultimate evidence for 
the presence of donor-specific antibodies prior to transplanta-
tion [4]. To improve the cross-match sensitivity the HLA labo-

ratory may introduce the flow cytometry cross-match, as we 
have done in 2004. Today, Luminex technology for HLA anti-
body screening provides high sensitivity which is comparable 
to the high sensitivity of the flow cytometry cross-match. 

Perspectives of Antibody Characterization using  
Luminex

The clinical relevance of antibodies detected by highly sensi-
tive solid-phase assays (e.g. Luminex) and also by flow cytom-
etry cross-match has still not been fully elucidated. However, 
the Luminex technology provides an appropriate platform to 
study the impact of different isotypes of antibodies on the out-
come of transplantation.

To address this issue, we studied the antibodies accumulated 
directly in transplanted kidney allografts [5]. By acid elution we 
isolated proteins accumulated in rejected and explanted kidneys 
and characterized their HLA specificities by CDC, ELISA, and 
Luminex techniques. In addition, we differentially analyzed 
non-complement-binding IgG2 and IgG4 anti-HLA antibodies 
in the eluates using modified ELISA. This study clearly showed 
that explanted kidney allografts harbor HLA-specific anti-
bodies that can be detected by sensitive Luminex techniques. 
Moreover, also non-complement-binding anti-HLA antibod-
ies accumulate in renal allografts [5]. Very recently, our group 
was also able to adapt the Luminex-based antibody detection 
technology to anti-HLA antibodies of the IgM isotype, which is 
an improvement in sensitivity compared to the conventionally 
used CDC for the definition of IgM antibodies [6]. 

Supplemental to the isotype-specific HLA antibody char-
acterization, Luminex technology also enables the detection 
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Fig. 1. HLA anti-
body screening using 
Luminex technol-
ogy. The Luminex 
technology uses a 
set if microbeads 
covered with HLA 
antigens. Antibodies 
against HLA bind 
and are stained by 
a secondary anti-
human IgG antibody 
conjugated with PE. 
The microbead popu-
lation and the tagged 
sample are detected 
simultaneously using 
the Luminex flow 
analyzer.
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and characterization of antibodies against MHC class I-re-
lated chain A (MICA). MICA antigens are HLA-related, 
polymorphic glycoproteins expressed on the surface of human 
endothelial cells, epithelial cells (especially of the gastrointes-
tinal tract), fibroblasts, and also in certain tumors [7]. Anti-
MICA antibodies have been detected in the serum of patients 
awaiting kidney transplantation as well as in kidney allograft 
recipients, and accumulate in rejected kidney allografts [8]. 
Presensitization of kidney transplant recipients against MICA 
antigens is associated with an increased frequency of kidney 
allograft loss [9]. Today, test kits are commercially available 
for the detection of anti-MICA antibodies (‘positive’ or ‘nega-
tive’ serum status) and also for the characterization of MICA 
antibody specificities using ‘single antigen’ microbeads, but 
the clinical relevance of anti-MICA antibodies is currently not 
fully understood.

In conclusion, the Luminex technology enables up to date 
HLA antibody detection and specification for daily laborato-
ry routine in high sample throughput, but there is still demand 
for automation of the whole technical procedure. In addition, 
the technology appears to be appropriate to answer scientific 
questions when the impact of antibodies on organ transplanta-
tion outcome is particularly analyzed. On the other hand, the 
clinical relevance of quite a number of HLA antibody specifi-
cities detectable by Luminex is still controversially discussed.

HLA Genotyping using Sequence-Specific  
Oligonucleotide Probe Hybridization in  
Combination with Luminex Technology

Historically, tissue typing was done by CDC using a defined 
set of sera containing HLA-specific antibodies. The resolution 
of HLA typing using CDC is limited by the fact that antibod-

ies have limited access to all epitopes of the HLA molecules 
on the cell surface. However, since PCR technologies were 
available, DNA-based tissue typing techniques generating 
low-resolution (i.e. 2-digits HLA nomenclature) results or 
high-resolution (i.e. at least 4-digits HLA nomenclature) re-
sults have become routine in HLA laboratories. Intermedi-
ate HLA resolution comprises a 2-digits HLA nomenclature 
with supplemental characters to define groups of HLA alleles 
and was introduced by the National Marrow Donor Program 
(NMDP) in the USA [10]. In general, the HLA typing reso-
lution accepted as relevant for different clinical applications 
should be considered [11]. The PCR-SSP technology using a 
variety of SSPs to cover different HLA alleles at a given HLA 
locus has become the tissue typing technology mostly used for 
low-resolution HLA typing. It is easy to perform and needs 
little technical equipment. However, the PCR-SSP method is 
not suitable for high sample throughput due to a variety of 
manual pipetting steps. After PCR-SSP amplification, a single 
gel electrophoresis gives the information about the HLA alle-
les present in a DNA sample. In contrast to this, hybridization 
assays for tissue typing need additional post-PCR amplifica-
tion steps to discriminate between the different alleles. The 
commercially available Luminex-based tissue typing assays 
use sequence-specific oligonucleotide (SSO) probes bound to 
the color-coded microbeads to identify alleles encoded by the 
DNA sample.

Similarly to Luminex-based antibody screening, tissue 
typing using Luminex SSO technology is also widespread in 
HLA laboratories affiliated to transplant programs or stem 
cell donor registries. The commercially available test kits en-
able HLA genotyping on low, intermediate or in parts high 
resolution level of all HLA loci: HLA-A, HLA-B, HLA-C, 
HLA-DRB1, HLA-DRB3, HLA-DRB4, HLA-DRB5, HLA-
DQA1, HLA-DQB1, and HLA-DPB1. In addition, Luminex-
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Fig. 2. HLA class 
I and class II typing 
using Luminex tech-
nology. Luminex SSO 
HLA typing uses 
SSO probes for dis-
tinct sequence motifs 
which are bound to 
a set of microbeads. 
A biotinylated PCR 
product binds and is 
subsequently stained 
by SAPE. The 
microbead popula-
tion and the tagged 
sample are detected 
simultaneously using 
the Luminex flow 
analyzer.
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based SSO typing assays are available for the definition of 
MICA alleles, which are discussed to be of relevance for 
organ transplantation outcome. In the field of hematopoietic 
stem cell transplantation genomic variants of the killer-cell 
immunoglobulin-like receptor (KIR) genes seem to have an 
impact on success rates. Typing for KIR genes is also possible 
using Luminex-based SSO technology. 

The test procedure starts with PCR amplification of the 
most polymorphic part of the HLA class II gene using exon 2-
specific primers for HLA-DRB1, HLA-DQB1, HLA-DQA1, 
and HLA-DPB1 (fig. 2). For the HLA-A, HLA-B, and HLA-
C loci two PCR products covering the most polymorphic 
exons 2 and 3 of these HLA class I loci are generated. The 
PCR product is biotinylated, which allows it to be detected by 
strepavidin-conjugated with PE (SAPE). Subsequently, PCR 
products are denaturated enabling rehybridization to com-
plementary DNA probes bound to the microbeads. Each mi-
crobead mixture includes negative and positive control probes 
necessary for subtraction of nonspecific background signals 
and normalization of raw data. For washing steps centrifuga-
tion or filter plates combined with vacuum are used. Finally, 
the Luminex flow analyzer identifies the fluorescent intensity 
of PE on each microbead. Interpretation software analyzes re-
action patterns and assigns the matching HLA alleles. This as-
signment is based on the HLA sequences listed in the official 
IMGT/HLA database [12]. In addition, allele codes recently 
defined by the NMDP will be considered. The combination of 
a single PCR amplification step with hybridization and detec-
tion procedures in a single reaction mixture per sample ena-
bles high-throughput tissue typing. 

Low- and High-Resolution HLA Typing using Luminex 
Technology

Comparable to the Luminex-based antibody screening tests, 
the size of the microbead panel used by a specific tissue typ-
ing test kit also differs dependent on polymorphism of the 
different HLA loci: Typing for HLA-DPB1 needs only a few 
microbead populations, whereas HLA-B typing on an inter-
mediate resolution level needs almost the complete set of 100 
microbeads available. In general, this technology involves the 
danger of losing microbeads when washing of the trays is in-
adequately done. Microbead loss will result in low microbead 
count for one or more bead populations. In addition, it is 
strongly recommended to check complete denaturation and 
neutralization of the PCR product and to meet the exact hy-
bridization/labeling temperature and duration.

A central question is the manipulation of the cut-offs de-
fined by the analysis software. Although the Luminex SSO 

typing method is robust in the complete procedure, it may be 
necessary to modify cut-offs due to variables in DNA quality 
and laboratory-specific assay performance. It is recommended 
to make adjustments after comparing the performance of a 
probe under local laboratory conditions against the manufac-
turer’s quality control panel for that probe. 

Recently, both manufacturers providing tissue typing test 
kits for Luminex introduced assays for high-resolution typ-
ing of the DRB1 gene. These tests contain a special probe 
technology which allows resolution of ambiguities at a level 
the conventional Luminex SSO method does not offer. The 
special probe microbeads were added to the panel of conven-
tional beads and are covered with more than a single probe, 
which means they are specific for several DNA motifs on one 
DNA strand. The upgrade of the conventional Luminex tech-
nology to high-resolution HLA typing requires accurate wash-
ing and complex software analysis. Modification of cut-offs is 
particularly critical when these newly available kits are used. 
However, the test performance is principally limited due to 
the initial PCR amplification of only exon 2 of the HLA class 
II gene which is currently regarded as sufficient for all clinical 
applications. 

However, for high-resolution SSO typing of the highly 
polymorphic HLA-A or HLA-B genes this strategy had to be 
extended. For the latest test kits, the companies now use more 
than 200 different probes on the initial set of 100 Luminex  
microbeads for high-resolution HLA class I typing. The future 
challenge is the development of powerful software to differ-
entiate the different probes on the same bead and to analyze 
the reaction patterns in adequate time and with satisfying reli-
ability.

Finally, some fundamental limitations remain: Similarly to 
the HLA class II typing, polymorphisms outside the amplified 
region cannot be resolved, i.e. HLA alleles not amplified by 
the primers cannot be identified. The same holds true for poly-
morphisms located at the primer binding sites. Another prob-
lem for all high-resolution tissue typing assays is the continu-
ous increase of new HLA alleles in the official database [12]. 
New alleles require new probes to be permanently designed. 
Only a sequence-based HLA typing strategy enables the spe-
cific analysis of the relevant region within the HLA gene actu-
ally present in a given DNA sample. However, HLA sequenc-
ing requires large investments in machines and a comprehen-
sive PCR amplification strategy if a typing result superior to 
the advanced Luminex SSO technology should be generated. 
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