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ABSTRACT

The term HLA refers to the Human Leukocyte Antigen System, which is controlled by genes on the short arm of
chromosome six. The HLA loci are part of the genetic region known as the major histocompatibility complex (MHC).
The MHC has genes (including HLA) that form part of the normal function of the immune response. The essential
role of the HLA antigens lies in the control of self-recognition and thus defense against microorganisms. The HLA
loci, by virtue of their extreme polymorphism ensure that few individuals are identical and thus the population at
large is well equipped to deal with attacks. Because some HLA antigens are recognized on all body tissues (rather
than just blood cells), the identification of HLA antigens is described as “Tissue typing”. In the last twenty years
there has been an exponential growth in the application of DNA technology to the field of Histocompatibility and
Immunogenetics. The development and application of several different DNA methods by many laboratories has
resulted in that nearly every Histocompatibility and Immunogenetics laboratory performs some DNA typing to
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detect HLA alleles.
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RESUMEN

HLA y métodos de tipaje basados en ADN. El término HLA se refiere al Sistema de Antigenos Leucocitarios
Humanos, el cual esta controlado por genes que se encuentran localizados en el brazo corto del cromosoma 6. Los
loci HLA forman parte de la regiéon conocida como Complejo Mayor de Histocompatibilidad (MHC). Este complejo
comprende genes (como los HLA) que integran la funcién normal del sistema inmune. La funcién esencial de los
antigenos HLA comprende el reconocimiento y la defensa contra microorganismos. Los loci HLA debido a su
polimorfismo extremo aseguran que muy pocos individuos sean idénticos y que las poblaciones sean por tanto lo
suficientemente polimérficas para enfrentar ataques de microorganismos. Debido a que los antigenos HLA son
reconocidos en todos los tejidos del organismo, la identificacion de los antigenos HLA se ha descrito como “Tipaje
de tejidos”. En los ultimos 20 afos ha habido un crecimiento exponencial en la aplicacién de la tecnologia de ADN
en el campo de la Histocompatibilidad e Inmunogenética. El desarrollo y aplicacién por muchos laboratorios de
diversos métodos de ADN han permitido que todos los laboratorios de Histocompatibilidad e Inmunogenética
apliquen algun método de tipaje de ADN para la deteccién de los alelos HLA.
Palabras claves: MHC humano, antigenos HLA, genética del HLA, nomenclatura del HLA, reaccién en cadena
de la polimerasa (PCR), tipaje por métodos de ADN, bandas de oligo secuencia especifica (SSO),

Introduction

The term HLA refers to Human Leukocyte Antigens.
These are proteins found in the membranes (outer coat-
ing) of nearly every cell inthebody (all cellsthat havea
nucleus). These antigens are in especialy high concen-
trations on the surface of white blood cells (leukocytes)
and are controlled by geneson the short arm of chromo-
some six. The HLA loci are part of the genetic region
known asthe mgjor histocompatibility complex (MHC)
[1]. The MHC has genes (including HLA) that form
part of the normal function of the immune response.

The essential role of the HLA antigensliesin the
control of self-recognition and thus defense against
microorganisms. HLA antigens are the major deter-
minants used by the body’ simmune system for recog-
nition and differentiation of self from non-self (foreign
substances). There are many different major histo-
compatibility (HLA) proteins, and individuals pos-
sessonly asmall, relatively unique set that isinherited
from their parents. It isunlikely that 2 unrel ated per-
sons will have the same HLA make-up.
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A person, on the average, will have one-half of the
HLA antigens that match with one-half of their
mother’s antigens; the other half of the antigens will
match with one-half of their father’s antigens. Thisis
particularly important in identifying good “matches”
for tissue grafts and organ transplants, such as akid-
ney or bone marrow transplant.

Many HLA molecules exist, but some are of spe-
cial interest because they are more commonin certain
autoimmune diseases. For example, the HLA-B27 an-
tigen is found in 80-90% of the patients with
ankylosing spondylitis and Reiter’s syndrome and
can aid in the diagnoses of these diseases. HLA-B27
isalso present in 5-7% of the persons without auto-
immune diseases. Thus, the mere presence of this
HLA moleculeis not an indication of disease.

HLA types can also be used to determine the pa
rents of a child when in doubt. However, newer,
more specific genetic testing is now available for
this purpose.

secuencia de primers especificos (SSP), tipaje basado en secuenciacién (SBT)
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History

The early development of HLA typing sprang from
attempts by red cell serologiststo define antigenson
leucocytes using their established agglutination me-
thods. These methods, however, had many technical
problems and could not determine the extreme poly-
morphism of the system. Although Jean Dausset re-
ported thefirst HLA antigen, MAC (HLA-A2, A28)
in 1958, the poor reproducibility of leucoagglutination
was hindering the progress. It was five years later
that the polymorphic nature of the HLA system first
appeared [2]. The definition of the 4al4b series by
Jan van Rood in 1963 and the definition of LA1,
LA2 and LA3 (HLA-AI, HLA-A2, HLA-A3) indi-
cated a need for International Standardization and a
series of International Workshops, werethen started
in 1964 [3].

HLA antigens

Based on the structure of the antigens produced and
their function, there are two classes of HLA antigens,
termed accordingly, HLA Class | and Class Il. The
overall size of the human MHC complex is of ap-
proximately 3.5 million base pairs (Figure 1). Within
thistheHLA Class| genesand theHLA Class|| genes
each spread over approximately one third of this
length. The remaining section, sometimes known as
Class Il, contains loci responsible for the comple-
ment, hormones, intracellular peptide processing and
other developmental characteristics[4]. Thusthe Class
I11 region is not actually a part of the HLA complex,

but islocated within the HLA region, becauseits com-
ponents are either related to the functions of HLA
antigens or are under similar control mechanisms to
the HLA genes[5].

HLA Class | antigens

The cell surface glycopeptide antigens of the HLA-
A,-B and-C seriesarecaled HLA Class| antigens|[6].
A listing of the currently recognized HLA Class| an-
tigens are expressed on the surface of most nucleated
cells in the body. Additionally, they are found in a
solubleform in plasmaand are adsorbed onto the sur-
face of platelets. Erythrocytesalso adsorb HLA Class
| antigens to varying degrees depending on the speci-
ficity (e.g. HLA-B7, A28 and B57 arerecognizable on
erythrocytes as the so called “Bg”. antigens). Immu-
nological studies indicate that HLA-B (which is also
the most polymorphic) is the most significant HLA

Class| locus, followed by HLA-A and then HLA-C.

Thereareother HLA Class| loci (e.g. HLA-E,F, G, H,

J,.K and L), but most of these may not be important

asloci for “peptide presenters’ [7].

TheHLA Class| antigens comprise a45 Kilodalton
(Kd) glycopeptide heavy chain with three domains,
which is non-covalently associated with the f3-2
microglobulin, which plays an important role in the
structural support of the heavy chain. TheHLA Class
I molecule is assembled inside the cell and ultimately
it is on the cell surface with a section inserted in the
lipid bilayer of the cell membrane and having a short
cytoplasmic tail.

Overview of the MHC genes
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Figure 1. Genomic structure of the human MHC.
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The general structure of HLA Class|, HLA Class
Il and IgM molecules show such a similarity in their
subunits, that thereis likely a common link between
HLA and immunoglobulins, through some primor-
dial cell surfacereceptor. Thefull 3-dimensional struc-
ture of HLA Class | molecules has been determined
from X-ray crystallography [8]. This has demons-
trated that the molecule has a cleft on its outermost
surface, which holds a peptide. In fact, if a cell be-
comes infected with avirus, the virally induced pro-
teins within the cell are broken down into small
peptides and these are then inserted into this cleft
during the synthesis of HLA Class | molecules. The
roleof HLA Class| moleculesisto takethesevirally
enhanced peptides to the surface of the cell and by
linking them to the T-Cell receptor of a cytotoxic
(CD8) T cell, demonstrate the presence of the virus.
TheCD8T cell will now be“educated” and it will be
abletoinitiate the process of killing cellswhich sub-
sequently have that same viral protein/HLA Class |
molecule on their surface. Thisrole of HLA Class|,
inidentifying, changed cells (e.g. viraly infected), is
the reason why they must be present on all cells[6].

HLA Class Il antigens

The cell surface glycopeptide antigens of the
HLA-DP, -DQ and -DR loci aretermed HLA Class||
[3]. Thetissue distribution of HLA Class Il antigens
is confined to the “immune competent” cells, inclu-
ding B-Lymphocytes, macrophages, endothelial cells
and activated T-lymphocytes. The expression of HLA
Class |1 on cells, which would not normally express
them, is stimulated by cytokines such as interferon g
and in atransplant; thisis associated with acute graft
de-struction. HLA Class I molecules consist of two
chains each encoded by genesinthe“HLA Complex”
on chromosome 6. The T cells, which link up to the
HLA Class Il molecules, are helper (CD4) T -cells.
Thusthe“ education” process, which occursfromHLA
Class || presentation, involves-the hel per-function of
setting up ageneral immune reaction that will involve
cytokines, cellular and humoral defense against the
bacterial (or other) invasion. Thisrole of HLA Class
I1, ininitiating a general immune response, is the rea
son why they need only to be present on “immuno-
logically active” cells (B lymphocytes, macrophages,
etc.) and not on all tissues [6].

HLA nomenclature

There are a number of ways of writing an HLA anti-
gen. For example, it may be expressed as HLA-DR3,
HLA-DRI7, HLA-DRB* 03 or HLA- DRBI*0301
[9]. These could al refer to the same antigen (Table 1).
Firstly, “HLA” isthe name for the gene cluster which
tendsto beinherited en-bloc. These HLA antigensare
responsiblefor the presentation of “foreign” peptides
(antigens) to the immune competent cells of the im-
mune system [10].

The second part -e.g. DR- is the name of the spe-
cificlocus. There are 6 loci (Figure 1) normally re-
ferred to. These are A, B, C, DR, DQ and DP. The
HLA-A, B and C loci produce molecules (antigens)
that normally present peptides of viral origin and are
expressed on all nucleated cells. The HLA-A, B, C
antigens are termed Class |. The HLA-DR, DQ and
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Table 1. HLA Nomenclature.
Nomenclature

Indicates

The HLA region and prefix
HLA for an HLA gene

A particular HLA loci i.e DRB1

A group of alleles that encode
the DR13 antigen

A specific HLA allele

HLA-DRB1
HLA-DRB1*13

HLA-DRB1*1301

HLA-DRB1*1301N Anull allele

HLA-DRB1* An allele that differs by
130102 synonymous mutation
HLA-DRB1* An allele that contains a mutation
13010102 outside the coding region
HLA-DRB1* A null allele that contains a mutation
13010102N outside the coding region

HLA-DRB1*13X High resolution not done

High resolution done but

HLA-DRB1*132 R
not discriminant

DPloci produce antigens that normally present pep-
tideswhich have been broken down from bacterial or
other proteins that have been engulfed by the cell in
aprocess of immune surveillance. They are only ex-
pressed on cells actively involved’ in the immune
response, e.g. B lymphocytes monocytes and activa-
ted T lymphocytes.

The HLA-DR, DQ and DP antigens are termed
Class|l. There are other Class| loci besides A, B and
Candthereareother Class|| loci besidesDR, DQ and
DP. However, these loci are not normally tested for
and their significance is not entirely clear. The third
part, the number, e.g. 3, 17, 03, 0301, refers to the
actual antigen at the locus. For example, the DNA in
the gene region that we call the HLA-DR locus tends
to be different from person to person. This difference
will result in a different type of HLA-DR molecule.
These different types of HLA-DR moleculesare given
names, such as DR17. Actualy, HLA-DR 17 is the
former way of writing this antigen-based on using
antibodies that react to the antigens on the cells. Now
we can look directly at the DNA and therefore the
accuracy is much greate. The problem isthat now we
can see alot more variation between the different an-
tigens and so we need adifferent way of writing them.
Hence, when we look at the antigens above: -HLA-
DR3 is the broadest description of the antigen. It is
the name for a specific group of antigens. The DR3
group can bedividedintoHLA-DR17 and HLA-DR18
by using antibodies (serology). When we look at this
antigen at the DNA level we call the DR locus DRB 1
(because there are others termed A and B2, B3, etc.)
and the antigen 03 (for the general antigen) and 01 for
the specific variant of the 03. So, HLA-DR17 is now
called HLA-DRB1*0301. This is similar for other
antigensin the system, at either HLA Class|| or Class
| e.g. HLA-B60 (HLA-B*4001 molecularly).

How many HLA loci are there? The currently re-
cognizedloci aregivenin Table2[11]. Noticethat HL A-
DRB1 isthe normal DR locus and the former DRw52
and DRw53 are DRB3 and DRB4 respectively.

The common HLA antigen and their
molecular activity

The number of alleles that can now be recognized by
molecular techniques is huge and is being increased
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Table 2. Currently recognized HLA loci and those that are
being routinely typed.

HLA Class HLA-loci (genes) Routinely typed?
Class | HLA-A Yes
Class | HLA-B Yes
Class | HLA-C Yes
Class | HLA-E
Class | HLA-F
Class | HLA-G
Class | HLA-H
Class | HLA-J
Class | HLA-K
Class | HLA-L
Class Il HLA-DRA
Class I HLA-DRBI Yes
Class I HLA-DRB2
Class I HLA-DRB3 Yes
Class I HLA-DRB4 Yes
Class I HLA-DRB5 Yes
Class I HLA-DR86
Class I HLA-DRB7
Class Il HLA-DRB8
Class I HLA-DRB9
Class Il HLA-DQAI
Class Il HLA-DQBI Yes
Class I HLA-DQA2
Class I HLA-DQB2
Class I HLA-DQB3
Class I HLA-OOB
Class I HLA-DMA
Class Il HLA-DMB
Class I HLA-DNA
Class I HLA-DP Al
Class Il HLA-DPBI Not routine
Class I HLA-DPA2
Class I HLA.DPB2

rapidly. In table 2 we show the most frequent molecu-
lar variants and the aleles frequently typed.

Genetics of HLA

Routinetissuetyping identifiesthe allelesat thethree
HLA Class| loci (HLA-A, -B, and -C) and the three
Class Il loci (HLA-DR, -DP and -DQ). Thus, as
each chromosome is found twice (diploid) in each
individual, anormal tissue type of an individual will
involve 12 HLA antigens[12]. These 12 antigens are
inherited co-dominantly that is to say, all 12 anti-
gens are recognized by current typing methods and
the presence of one does not affect our ability to
type for the others. There are a number of genetic
characteristics of HLA antigens, they are: Polymor-
phism, Inheri- tance, Linkage disequilibrium, Cross-
reactivity [8].

Polymorphism

The polymorphism at the recognized HLA loci is ex-
treme. Since the role of HLA moleculesisto present
peptides from invasive organisms, it is likely that
this extreme polymorphism has evolved as a mecha-

nism for coping with all of the different peptides that
will be encountered. That is to say, each HLA mol-
ecule differs slightly from another in its amino acid
seguence this is what we see as different HLA anti-
gens. This difference causes a slightly different 3 di-
mensional structure in the peptide binding cleft,
because different peptides have different shapes and
charges. Human beings must have a large array of
different HLA antigens, each with different shaped
peptide binding area clefts to cope with all of these
peptides. However, since the polymorphism is popu-
lation specific, the frequent HLA antigensin different
populations are clearly different [13]. For example,
HLA-A34, which is present in 78% of Australian
Aborigines, has a frequency of less than 1% in both
Australian Caucasoid and Chinese. This has been re-
ported in several HLA studies from various popula-
tions of the World [14, 15] and India[16-18]. Thus
HLA antigens are of great significance in anthropo-
logical studies. Populations with very similar HLA
antigen frequencies are clearly derived from a com-
mon stock [14, 15]. Conversely, from the point of
view of grafts, which will be discussed later, itisvery
difficult to match HLA types between populations.

Inheritance of HLA

The normal way to present atissuetypeisto list the
HLA antigens as they are detected. There is no at-
tempt to show which parent has passed on which
antigen. Thisway of presenting the HLA typeisre-
ferred to as a Phenotype [19]. An HLA phenotypeis
for example: HLA-A1, A3; B7, B8; Cw3, Cw4; DRI5,
DR4. When family datais available, it is possible to
assign each one of the antigens at each locusto a spe-
cific grouping known as a haplotype. A haplotypeis
the set of HLA antigens inherited from one parent.
For example, the mother of the person whose HLA
type is given above may be typed as HLA-A3, A69;
B7, B45; Cw4; Cw9; DRI5, DRI7; Now it isevident
that the A3, B7, Cw4 and DR15 were all passed on
from the mother to the child above. This group of
antigensis a haplotype.

In the absence of genetic crossing over, two sib-
lings who inherit the same two HLA chromosomes
(haplotypes) from their parents will be HLA identi-
cal. There is a one out of four chance that this will
occur and therefore in any family with more than four
children at least two of them will be HLA identical.
Thisisbecausethere are only two possible hapl otypes
in each parent.

Linkage disequilibrium

Basic Mendelian genetics states that the frequency
of alleles at onelocus does not influence the frequen-
cy of alleles at another locus (Law of independent
segregation). However in HLA genetics this is not
true. There are anumber of examplesfrom within the
HLA system of alleles at different loci occurring to-
gether at very much higher frequenciesthan would be
expected from their respective gene frequencies. This
is termed linkage disequilibrium. The most extreme
example is in Caucasians where the HLA-A1, BS,
DR3 (DRBI*0301), DQ2 (DRB1* 0201) haplotype
is so conserved that even the alleles at the comple-
ment genes (Class I1l) can be predicted with great
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accuracy. Similar haplotypes are observed in selected
caste groups and tribal groups of India[11]. Also, at
HLA Class |1, this phenomenon is so pronounced,
that the presence of specific HLA-DR alleles can be
used to predict the HLA-DQ allelewith ahigh degree
of accuracy before testing. Because of linkage dis-
equilibrium, a certain combination of HLA Class |
antigen, HLA Class|l antigen and Class |11 products
will beinherited together more frequently than would
normally be expected. It ispossiblethat these “ sets”
of alleles may be advantageous in an immunological
sense, having a positive selective advantage.

Cross-reactivity

Cross-reactivity isthe phenomenon whereby one an-
tibody reacts with several different antigens, usually
at one locus (as opposed to a mixture of antibodies
in oneserum) [20]. Thisisnot surprising sinceit has
been demonstrated that different HLA antigens share
exactly the same amino acid sequence for most of
their molecular structure. Antibodies bind to spe-
cific sites on these molecules and it would be ex-
pected that many different antigens would share a
site (or epitope) which will bind to a specific anti-
body. Thus cross-reactivity isthe sharing of epitopes
between antigens.

The term CREG is often used to describe “Cross
reacting groups’ of antigens. It is useful to think in
terms of CREG' s when screening sera for antibodies,
as most sera found are “multi-specific” and itisrare
to find operationally monospecific sera. Therarity of
monospecific sera means that most serological tissue
typing uses serathat detects more than one specificity,
and atyping is deduced by subtraction. For example,
acell may react with aserum containing antibodiesto
HLA-A25, A26, and A34 and be negative for pure
A26 and pure A25 antisera. In this case, HLA-A34
can be assigned, even in the absence of pure HLA-
A34 antisera.

HLA typing

Traditionally, HLA antigens have been defined using
serological techniques. These techniques rely on ob-
taining viablelymphocyte preparations (for HLA Class
Il typing, B lymphocytes are needed) and the avai-
lability of suitable antiserato recognizethe HLA anti-
gens. During the last few years, DNA-based typing
techniques have begun to replace the serological tech-
niquesin clinical applications. The DNA methodswere
initially applied to Class 11 typing, but more recently
they have been used to determine Class| alleles. While
serology performed adequately in typing family mem-
bers, it proved unsatisfactory in typing unrelated do-
nors for bone marrow transplantation, once the extent
of polymorphism was known within “serologically
identical” specificities. DNA typing also proved in-
valuable when serological typing was difficult (poor
cell viability or expression) and in confirming or refu-
ting phenotypic homozygosity.

Although DNA techniqueswereintroduced to many
Clinical Tissue Typing Laboratorieswith their involve-
ment in the 10th International Histocompatibility
Working Group (IHWG) in 1987 [21], studies in a
limited number of research laboratories had preceded
the Workshop by several years (Table 3).
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Table 3. Milestones in the development of DNA-
based typing for HLA technological events and major
applications.

Year Event
1980-82 cDNA sequencing
10th International Histocompatibility
1987
Workshop
New York _ RFLP
1987 advent of PCR
1987-89 class Il SSOP
1988 RFLP class Il typing with one enzyme
1988.91 DNA h.echr_\iqu_es for HLA
typing in diseases
1990 heteroduplexes
1991 optimization of graft survival using RFLP
1991 11th International Histocompatibility
Workshop
Yokohama - class Il SSOP evaluation
1992 HLA-DNA typing in Anthropology studies
1992 class Il SSP

exponential increase in number of new

1992-onward HLA alleles identified

1992-93 class | SSOP
1993 class | SSP
1993-94 Sequencing Based Typing (SBT)
HLA-DNA typing in bone marrow
1995 )
transplantation
1996 DNA typing for non-classical HLA loci
1996 12th International Histocompatibility
Workshop
1996 Paris _ class | SSP and SSOP evaluation
1997 Reference - Strand Conformational

Analysis (RSCA)

Restriction fragment length polymorphism
(RFLP)

The 10th IHWG RFLP protocol included atotal of 12
enzymes and 13 probes, defining a large number of
restriction fragments[22]. RFLP bandsidentified with
a DR probe correlated not only with serologically de-
fined DR antigens and splits but also sometimes with
Dw typing. Taq | was recommended as the enzyme of
choice because of its ability to identify alarge number
of polymorphisms with DR, DQ and DQa hybri-
disation. The recognition site of Taq | includes the nu-
cleotide dimer CpG and restriction sites containing this
dimer show a higher frequency of polymorphism in
human DNA than other restriction sites [23].

One of the novel ideas (and a sign of the future)
was the use of 19 base pair oligonucleotides as pro-
bes based on sequence information [24-28]. As the
probes also hybridized to other genomic sequences,
restriction enzyme digestion and gel electrophoresis
were required to separate the target sequence from
the bulk of the DNA. In addition, due to the small
number of available copiesof therelevant DNA, this
approach lacked sensitivity. A refinement of this
method was to use the oligonucleotides to probe to-
tal RNA, as nonspecific bindings were not found on
Northern blots[29, 30].
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The RFLP methods also had their disadvantages.
They did not directly identify the polymorphic cod-
ing sequences within the second exon of DR, DQ
and DQa, but relied on polymorphic restriction sites
generally located outside these exons. In addition,
they required the use of DR-DQ associationsto dis-
criminate between certain DR allelesthat had identi-
cal DR_ RFLP patterns. Thus, care was needed to
apply the system to non-Caucasian populations. The
method was cumbersome and could take up to 16
daysto produce results for only 24 samples. A non-
radioactive RFLP method was described [31] using
digoxigenin and chemiluminescence, but by thistime
fundamentally different techniques were being de-
veloped. Eventually, RFLPs were replaced, but not
before the results from their use had stimulated the
development of better methods for DNA typing.

Polymerase chain reaction (PCR)

Emergence of nucleotide sequence data for the alleles
of HLA genes permitted the rapid development of
many PCR-based techniques and reagents. Conversely,
the PCR technique greatly reduced the effort required
in subsequent sequencing of new alleles[32, 33]. PCR-
based methods may be broadly classified into three
categories: (i) those which generate aproduct contain-
ing internally located polymorphisms which can be
identified by a second technique (e.g. PCR-segquence
specific oligonucleotide (SSG) probing, PCR-RFLP,
PCR followed by sequencing); (ii) those in which the
polymorphism is identified directly as part of the
PCR process, although there are post-amplification
steps (e.g. PCR-sequence specific primer (SSP)); and
(iii) conformational analysisin which different muta-
tions generate specific conformational changesin PCR
products. The latter are identified by electrophoretic
analysis, e.g. heteroduplex analysis, single strand con-
formation polymorphism (SSCP), denaturing gradient
gel electrophoresis (DGGE) and temperature gradient
gel electrophoresis (TGGE). The two methods most
frequently adopted in clinical histocompatibility labo-
ratories have been SSG and SSP, athough at regular
intervals a novel method or a novel variation of an
existing method is reported [34].

Sequence specific oligonucleotides (SSO)

Hybridisation of PCR-amplified DNA with sequence
specific oligonucleotide (SSO) probes was the first
mol ecular typing method used to detect HLA Classl|
aleles. Specificity for a particular HLA locus was
achieved by selecting PCR primers specific for a se-
guence in the conserved region of the second exon.
The literature contains many alternative methods for
SSO typing. The main differences between these were
the length, the DNA sequence of oligonucleotide
probes, the reporter molecule and its detection method.
Initially, 32P-labelled alele-specific oligonucleotides
were hybridized to an amplified conserved region of
exon 2 of the HLA-DQa gene [35], but soon after-
wards biotin was used as a label [36]. The PCR-SSO
method was quickly applied to other loci, DP_[37],
DQ_[38, 39] and DR_[40, 41], with various proce-
dures using [32]p, biotin or horseradish peroxidase-
labelled probes. Methods in the clinical |aboratory
have tended to use either a substrate in a staining

development system [42] or a substrate that generates
a chemiluminescent signal [43].

The SSO method can be customized for each ap-
plication. For example, the approximation of HLA-
DR serological specificities requires the detection of
shared polymorphic sequences which encode the
epitopes detected by antibodies. These shared se-
guencesidentify families of allelesthat belong to the
same serologically-defined specificity groups. This
level of typing is often referred to as “low resolu-
tion” or “generic” SSO. Alternatively, “high resolu-
tion” SSO typing can distinguish all known alleles.
High resolution SSO usually requires selective am-
plification of agroup of related alleles. For example,
all HLA-DRBI *04 alleles are specifically amplified
with selected PCR primers and then the DNA is
hybridized with a panel of probes that distinguish
each HLA-DRBI *04 allele [44]. The SSOP typing
strategy for HLA-DP has been especially difficult
because of the complex sharing of multiple sequence
motifs between different DP alleles. The use of either
a large number of probes, or the separation of the
aleles by the digestion of the PCR-amplified DNA
with a restriction enzyme, was suggested to over-
comethis[34]. Allele-specificity of certain heterozy-
gotes has also been problematic (and as discussed
later even greater for Class | typing) because of the
ambiguous interpretations inferred from the
hybridisation patterns of the SSO probes. One solu-
tion has been the use of primers differing from each
other at the 3' end to prevent the amplification of
DPw! alleles, but allowing theamplification of closely
homologous alleles DPw3 and DPw6, to reduce the
number of oligo-nucleotide probes required [45].

Today, most laboratories prepare one membrane
for each probe in the assay. This procedure is facili-
tated using a 96-well manifold. The use of automation
not only eliminates the reuse of membranes after hy-
bridization, but it also minimizes sample to sample
variationinloading and provides arelatively large sur-
faceareato aid in the evaluation of hybridisation dots
of varying intensities. Other laboratories have used a
robotic work station for both this and the amplifica-
tion aspect of the technique [46].

Many laboratories reduce the number of different
washing temperatures by including tetramethylam-
monium chloride (TMAC), which reduces the effect
of the GC content on the stability of the hybrids
and, providing the probes are of the same length, it
enables the membranes to be washed at the same
temperature. Some laboratories avoid the use of
TMAC due to its toxic properties. Although this
could lead to a requirement for many water-baths,
the problem can be minimized by working simulta-
neously with those membranes which require the
same washing temperature [47].

The SSO technique has proven to be very reliable,
robust and accurate. Good amplification always gives
a clean and clear-cut SSOP hybridisation, while al-
most all of the problematic typing results are due to
poor amplification [48]. In aquality control exercise,
the percentage of correct HLA typing was 99.8% for
HLA-DR and 99.8% for HLA-DQB1 based on 9 244
HLA-DRBI and 7 244 HLA-DQB1 assignments[49].
A recent study using two different SSOP methods in
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different laboratories found an error rate of 0.1 % in
testing 2 604 samples for HLA-DP [50].

Reverse dot blot

Although the SSO technique is perfectly suited for
analyzing large numbers of samples, it isnot suitable
for analyzing individuals or small numbers. The al-
ternative technique of reverse dot blotting uses the
same amplification procedure and SSO probes, but
the panel of probesis bound to a solid support and
the amplified sample is labeled and hybridized to
that support. A single hybridisation and stringency
wash allows the detection of sequence polymor-
phisms present in the chosen sample. Thereare seve-
ral variations of the reverse dot blot. One method
uses poly-T tailsto attach the oligonucleotide to the
membrane, thus increasing the binding efficiency of
the oligonucleotide and sparing the specific binding
sequence from forming the attachment bonds. The
immobilized array of probes hybridizes to the PCR
product which has incorporated biotinylated pri-
mers during the amplification process [51]. Strepta-
vidin horseradish peroxidase conjugate is added and
positive reactions are detected using acolored soluble
substrate. Alternatively, positive signals are visua-
lized by chemiluminescence [52]. In another method,
oligonucleotides are coated to a microtitre plate by
passive absorption and are used as capture probes
[53]. Two invariant oligonucleotides covalently
linked to horseradish peroxidase are used as detec-
tion probes. The hybridisation of the denatured am-
plified DNA sample with the bound capture probes
and fixation of the detection probes to the DNA are
carried out in a single step.

A third method is performed in a 96-well tray.
The DNA to beinvestigated is amplified asin anor-
mal PCR, with the 3' primer biotinylated in order to
be able to attach the PCR product directly to the
avidin-coated tray [54]. The synthetic oligonucleo-
tides are produced with an amino group at the 5" end
and conjugated with alkaline phosphatase (ALP).
Binding of the ALP-labeled probesis detected by an
amplified colorimetric assay, whereby the ALP ge-
nerates a product that initiates a secondary cyclic
enzymereaction and resultsin a30- to 50-fold greater
sensitivity. A similar method uses digoxigenin labe-
ling of the DNA during PCR and hybridisation to a
panel of biotinylated SSO probes [55]. The capture
of thetarget DNA by the SSO isrevealed by an anti-
digoxigenin-horseradish peroxidase conjugate. The
hybridisation protection assay uses chemilumines-
cent acridinium-ester-labelled oligonucl eotide probes
[56]. Perfect matching with the amplified DNA sta-
bilizesthe acridinium-ester against hydrolysis. Thus,
only fully matched hybrids emit chemiluminescence
which is detected by automated luminometry.

Class | SSO

DNA typing techniques were initially applied to
Class|| rather than Class | genesfor several reasons.
The requirement for replacing Class Il serology was
thought to be more urgent as serological typing for
Class |1 antigens was difficult (HLA-DR and -DQ)
or impossible (HLA-DP). Class 11 was thought to be
more important for transplantation and disease as-
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sociation. Furthermore, DNA typing for Class| was
destined to be more compl ex because sequence poly-
morphismsin Class | genes are located in two exons
[57, 58].

The greatest problem in Class | typing has been
the large number of probes required to give unam-
biguous results for certain heterozygote individuals,
i.e. instances where two or more pairs of alleles give
the same probe reaction pattern. The choice in SSO
for Class | has basically come down to whether a
laboratory prefers performing one PCR amplifica-
tion and using a very large number of probes, or u-
sing atwo stage typing system (asin HLA-DR) with
aninitial medium resolution followed by ahigh reso-
lution, depending on the results of the first typing.
Regardless of which method isused, aleletypingis
much more difficult for HLA-B than HLA-A, dueto
the vast polymorphism at HLA-B. Some laborato-
ries use atwo-stage system. For example, 27 probes
for HLA-A medium resolution. Using 27 probes are
used results in eight theoretical ambiguous probe
patterns which involve alleles from different sero-
logy groups. However, in a Caucasian population of
5 000 typed by PCR-SSO, only four of these pat-
terns occurred on atotal of 19 occasions [59]. Then
use four high resolution systems composed of group-
specific amplification at exons 2, 3 and 4 to define al
HLA-A aleles. A similar scheme has been devel oped
for HLA-B alleles. After thefirst stage medium reso-
lution, the high resolution is composed of six sepa-
rate systems using atotal of 159 probes. This keeps
the number of probes at aminimum and hastheflexi -
bility of typing to the level required, according to the
nature of the sample. These high resolution systems
also removethe previously mentioned hete-rozygote
ambiguities [10].

Other |aboratories use a battery of probesthat enable
the initial detection at the allele level. For example,
one report used 91 HLA-A locus probes to identify
al HLA-A aleleswith the exception of A *0201 from
A *0209, and A *0207 from A *0215N, which only
differ in exon 4 [60]. A compromise between these
two strategies has been devised by another group [61].
To obtain high resolution and yet limit the number of
probes, they used variations at the HLA-B locus in
codons 45 and 46 for amplification and initial scree-
ning with SSG probes spanning codons 40 to 48. Once
the group of alleles was determined, the correspon-
ding group-specific amplifications were performed.
So far, the Class | systems developed have concen-
trated on identifying sequence differences within ex-
ons 2 and 3. 1n 1995, it was predicted that amplifying
exons 2 and 3 would lead to the non-identification of
only one of 1081 pairs of HLA-A alleles, three of
4851 pairsof HLA-B allelesand one of 528 for HLA-
C[62] . Thisisbecause polymorphismsin exon 4 are
linked with polymorphisms in exons 2 and 3. How-
ever, the mutations found in exon 4 which lead to a
profound functional difference between null and ex-
pressed alleles will make typing, to include exon 4,
desirable in the future [63, 64].

Now that some laboratories have SSOP technology
available for Class | as well as Class I, the SSOP
method has become popular in typing potential do-
norsfor marrow donor registries, especialy inthe USA.
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Complementary strand analysis

Any new allele can be accommodated by a single-
step typing system, but the technique becomes un-
wieldy due to the large number of probes required.
Madrigal and colleagues have attacked the problem
at its roots with the “complementary strand analy-
sis’, i.e. they decided to separate the all elic products
after a locus-specific PCR amplification. They de-
veloped amethod that uses 40 oligonucleotide probes
complementary to universal sequences of Class| al-
leles, termed the universal recombinant site targeting
oligonucleotide (ORSTO) [65]. Thismethod allowed
the identification of 201 of the 221 known Class |
alleles at that time. Six alleles could not be identified
as their substitutions are outside exons 2 and 3 and
the other 14 allele pairs required additional probes
for identification.

Ligation-based typing

Another unique variation of PCR and oligonucleotide
probes is Ligation-based typing. Initially applied to
Class Il alleles [66] but more recently to HLA-B27
testing [67], the method requires group-specific PCR
amplification. Subsequently, an aliquot of this pro-
duct is incubated with a heat stable ligase and with a
pair of oligonucleotide probes designed to hybridize
adjacently to the specific sequences of the amplified
DNA. If the probes are perfectly complementary, they
become ligated and are detected through their diffe-
rent labels by an enzyme-linked immunosorbent as-
say (ELISA). Otherwise, they remain separate and
the ELISA is still negative.

PCR-RFLP

Initially, this method used the availability of sitesin
the nucl eotide sequences to employ restriction endo-
nucleases which recognized all€elic variations, to di-
gest PCR-amplified HLA genes(HLA-DR, -DQ, -DP)
[68-70]. However, small bands located close to each
other on the polyacrylamide gels may sometimes obs-
curethe precise analysis and some heterozygotes can-
not be discriminated [71]. These problems have been
overcome for HLA-DR by a modified PCR-RFLP
method using informative restriction enzymes, which
have a single recognition site present in some alleles
but not in others, and using group-specific primersto
avoid cross-hybridisation with other genes [72, 73].
Thismethod wasalso appliedtoHLA-DQB1, -DQA1
and -DPB1 ge-nes[74, 75] and, in someinstances, the
simultaneous digestion of amplified DNA with two
or more enzymes has been applied [76]. One of the
first indications that HLA-DP matching may be im-
portant in bone marrow transplantation was reported
using the PCR-RFLP method [77]. A recent innova-
tion wasthe use of consecutive rounds of PCR-RFLP.
After the first digestion of the PCR product, the
cleaved fragment was extracted from the gel and used
as atemplate for a second PCR-RFLP [78].

Sequence based typing (SBT)

One of the drawbacks of SSO or RFLP is that, al-
though they are capable of detecting a single base dif-
ference in DNA sequence between two alleles, they
are not likely to detect a new undefined alele, unless
the variation happens to be at the specific site de-
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tected by the probe or the enzyme used for restric-
tion. Methods based on sequencing have come
foreward. Initially, these were manual seguencing
methods [79-81]. Theinitial and more comprehensive
of these methods did not require any additional typ-
ing information, e.g. serology, and was|later applied to
Class | aleles [82]. After the isolation of RNA (in
itself alimitation of the applicability of the technique)
and reverse transcription to cDNA, six simultaneous
PCR sequencing reactions were performed, four for
DRB and one each for DQB1 and DQA1, before di-
rect sequencing of the double stranded amplified DNA.
The SBT technology advanced with the introduction
of dye-labeled primers and fluorescent automated se-
guencing [83]. Group-specific amplification is per-
formed to limit the number of allele sequencesin any
sequencing template; otherwise DNA from both
haplotypes would be present. This, in turn, simpli-
fies the software-based allele assignments-suitable
computer software that was one of the greatest pro-
blems with this technique[84].

In a recent comparative study between two cen-
ters, it was concluded that neither the manufacturer
of the DNA sequencer nor the sequencing method
influenced the result. The most critical step was the
amplification reaction [85, 86]. Sometimes, preferen-
tial amplification was observed, whereby one alele
was more likely to be amplified than another when
they were present in the heterozygote state.

There are several reports of the application of SBT
in typing Class | alleles. In one study, it was shown
that, despite the strong linkage di sequi-librium between
HLA-B and -C alleles, 12.5% of HLA-A, -B, -DR,
-DQ identical bone marrow transplant pairs had an
HLA-C disparity detected by the sequencing strategy
[87]. In another study by the same group, the previous
sequence of HLA-B*4402 was corrected and the cell
which had originally been sequenced as B*4401 was
found to express B* 4402 [88] instead.

The great advantage of SBT isitsaccuracy. Itisthe
only technique which directly detects the nucleotide
sequences of an allele, thus allowing an exact assign-
ment. It requires very expensive equipment and so-
phisticated laboratory approaches in order to give
unambiguous high resolution typing results. Never-
theless, it should be only amatter of time until gene-
rally accepted, easy to perform protocols will be
available, thus leading to awider use of SBT.

Sequence specific primers (SSP)

Inthe early 1990s, publications appeared on amethod
called PCR-SSP [89, 90], the design of which was
based on the amplification refractory mutation sys-
tem (ARMS) [91]. The principle of this method is
that a completely matched primer will be more effi-
ciently used in the PCR reaction than a primer with
oneor several mis-matches. Specificity isdetermined
by the use of sequence specific primersin whicha3'
single-base mismatch inhibits the priming of non-spe-
cificreactions[79]. Because Tag polymerase lacks 3'
to 5' exonuclease activity, even if primer pairs do
anneal non-specifically, they will not amplify effi-
ciently. Thusonly the desired allele or alleleswill be
amplified and the amplified product can then be de-
tected by agarose gel electrophoresis.
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Other researchers have used multiplex PCR, i.e.
having several primer pairsin the sasmereaction [92].
Sizing of the PCR product is necessary for interpre-
tation, requiring a longer run of the gel to separate
the PCR fragments. Most researchers have found it
unnecessary to perform nested PCR amplifications
to obtain specific typing results, as suggested by
others[93].

A multi-centre report analyzed PCR-SSP for HLA-
DR and -DQ [94]. Whereas the agreement was 98%
for HLA-DR typing, it was 91% for HLA-DQ ty-
ping. The authors concluded that a possible missed
allele cannot be ruled out when only one allele is de-
fined, a situation that has always been of concern.
Theninelaboratoriesall had pre-pipetted PCR ampli-
fication trays and one of the reasons given for the
lower rate of agreement for DQ testing was the loss
due to diffusion of pre-pipetted PCR reaction mixes.
A similar reason may have been the cause of the pro-
blem with the SSP technique encountered by several
laboratories during the 12th IHWC. Class | SSP tech-
niques were being tested for the first time by alarge
number of laboratories and this may also have been a
contributing factor. During arecent comparison of SSO
and SSPtyping on kidney graft pairs (zero mismatched
by serology for HLA-A, -B), the primer pair used to
amplify HLA-A*02 failed with several samples[95].

The SSP method is ideal for typing individual
samples, but is costly and requires high capacity ther-
mal cyclers for larger numbers of samples. One labo-
ratory reduced this problem by instigating atwo-stage
technique-low resolution followed by high resolution
according to the first result [96]. Since the method
takes less than five hours, it can be applied to cada-
veric grafting.

Sequence specific priming, exonuclease-
released fluorescence (SSPERF)

The SSP method suffers from the disadvantage that
the end-step of gel electrophoresisis not suitable for
large numbers of samples or for automation. A novel
method has been reported which removesthe el ectro-
phoresis and combines high throughput with speed
and high resolution. The method uses fluorogenic
probes, each of which has a reporter and a quencher
dye. When the probe is intact, the proximity of the
two dyes results in the suppression of the reporter
fluorescence. During PCR-SSP, if the target of inte-
rest is present, the probe specifically anneal s between
the forward and reverse primer site. The nucleolytic
activity of the Tag polymerase cleaves the probe,
resultingin anincreaseinfluorescence. Tag polymerase
does not cleave the free probe, the enzyme requires
sequence complementarity between the probe and
templatefor cleavageto occur. After cleavage, the shor-
tened probe dissociates from the target and polyme-
rization of the strand continues. This process occurs
in every cycle and alows a direct detection of the
PCR product. Using the 14 sequence specific primer
pairs selected originally by Olerup, et al. and three
probes, Trucco and his colleagues applied the method
to HLA-DQB1 allelic typing [97]. Other researchers
have applied this method to Class | typing using two
different fluorogenic probes and 24, 48 and 16 primer
mixes for HLA-A, -B and -C, respectively [98].
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Heteroduplexes

During the primer-annealing stage of each cycle of the
PCR, a proportion of coding strands of each DRB
locus alele may hybridize to the non-coding strands
of a different DRB locus alele and vice versa. This
double-stranded DNA will thusbe mismatched in some
regions (heteroduplexes), leading to alterationsin the
conformation of the DNA molecule. This conforma-
tionvariesfor each DR hapl otype and can be detected
by modified migration in non-denaturing polyacryla-
mide gels, as the heteroduplex will move more slowly
than the homoduplexes (complementary strands). A
single mismatch of the nucleotide can cause a marked
electrophoretic retardation and thus even subtypes
involving a single substitution can be detected, al-
though irrelevant silent mutations can complicate the
band patterns. PCR-heteroduplex analysis was first
applied to HLA matching in 1990, in an analysis of
HLA-DR allotypes encoded by the second exons of
HLA-DRB genes [99].

Additional bandsareformed in heterozygoteswhich
are not present in either of the patterns of the indi-
vidual aleles and are caused by heteroduplex forma-
tion in trans, i.e. between PCR products from two
different haplotypes. This phenomenon was used in
the DNA cross match test whereby DNA from two
different individuals are co-amplified in the PCR. If
the individuals are identical for HLA-DR, then the
banding pattern of the mixture will be the same asthe
banding pattern of each one of the individuals; if the
individuals are not identical, the mixture will contain
extra bands. This method has proven to be very use-
ful inanalyzing HLA Class | identical individuals for
HLA-DR disparity in the selection of unrelated do-
norsto be used for bone marrow transplantation [100].
A modification of heteroduplex analysis is the inclu-
sion of third party DNA to generate new heterodu-
plexes (spiking) which enhance the discrimination
between otherwise similar patterns [101]. A further
refinement was the use of temperature gradient gel
electrophoresiswhich analyzes DNA not only on the
basis of differential heteroduplex formation between
different single strands, but also according to the ther-
mal stability of the homo duplex, which is directly
dependent on its nucleotide sequence [102].

Reference strand conformation

analysis (RSCA)

Reference strand conformation analysis (RSCA), ini-
tially termed double-strand conformation analysis
(DSCA), is amodification of complementary strand
analysis [102]. DNA from a homozygous reference
sample is amplified using primers, one of which is
fluorescent-labeled at its 5' end. The sample under
test is amplified and the PCR product is mixed with
the reference PCR product to form heteroduplexes.
These are resolved in an automated DNA sequencer
with only the fluorescent-labeled duplexes being ob-
served and identified according to the distance they
have migrated.

Use of denaturing gradient gel
electrophoresis (DGGE)

Another method involving allele separation has re-
cently been applied to the HLA-B locus[104]. After
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reverse transcription of RNA, most exon 2 and all
exon 3 are amplified and the products separated u-
sing DGGE, which separates DNA fragments based
on their sequence composition. Amplified products
are excised from the gel and the eluted DNA is re-
amplified and directly sequenced. Theoretically, 92
of the118 HLA-B allelesknown at the time of Eberle
et al.” s study [92] could be typed by this method. If
ambiguous pairs are still present, heterozygous se-
guencing is performed on a short segment at the be-
ginning of exon 2. Thisincreased the number of aleles
which could be typed to 111. The method uses Taq
FS dye primer chemistry which combines advan-
tages of Tag and Sequenase into one enzyme, Tag
FS, which has the thermo stability of Taq and the
uniform nucleotide incorporation ability of seque-
nase. The same group recently applied this method
to the HLA-DR locus [105].

Single strand conformation polymorphism
(SSCP)

Thistechniqueissimilar to that of heteroduplex analy-
Sis but uses single-stranded DNA [106, 107]. The
technique is useful for the detection of HLA-DQA1,
-DQBL1, -DPA1 and DPB1 polymorphisms. Hetero-
duplex analysis can be used for these loci but re-
quires spiking. Polymorphism at HLA-DRB loci can
be determined by SSCP, but heteroduplex analysisis
more informative. The SSCP analysis was originally
introduced to detect point mutations in oncogenes
and sequence polymorphismsin the human genome,
based on the finding that the electrophoretic mobili-
ty of single stranded nucleic acid in a non-denaturing
polyacrylamide gel depends not only on size, but
also on sequence [108].

There is alimitation on the size of the DNA frag-
ment to 200-400 base pairs, making SSCP unsuitable
for Class | typing, and electrophoresis is a labor-in-
tensive method which cannot be easily automated.
During the 11th IHWC, improvements in this tech-
nique were reported that avoided the use of radioac-
tive materials and specialized cooling equipment [109].

To improve the resolution of the system, some re-
searchers have advocated the use of restriction enzyme
cleavage of the amplified product to resolve some pat-
terns which had been difficult to differentiate [110].

Others have used SSP amplification to divide a com-
plex series of alelesinto groups followed by SSCP to
distinguish thedlelesof HLA-DRB3 and -DQB1[111].

Choice of method

Many molecular methods currently in usein the his-
tocompatibility laboratory have been described. The
use of a specific technique will depend on the
laboratory’ srequirements. The choice will beinfluen-
ced by clinical urgency and requirement, sample num-
bers, availability of equipment, staff skills and bud-
get. Some |aboratories, depending on their needs, may
use a combination of methods. All techniques need to
be continuously updated to allow for the detection of
newly discovered alleles.

According to the clinical application, high or low
resolution typing may berequired. Kidney transplant
candidates, for instance, do not necessarily haveto be
typed at a high resolution level, because only the
“broad” serological specificities (e.g. DR1-DR10) are
usually taken into consideration for organ allocation.
For bone marrow transplantation purposes, high reso-
lution typing isrecommended. In July 1997, asurvey
of techni-ques used in 28 clinical histocompatibility
laboratories in the United Kingdom showed the fol-
lowing: of 24 replies, only one laboratory did not use
aDNA me-thod; of 23 laboratories using DNA meth-
ods, 13 used SSP, 9 used both SSP and SSO and one
used SSO only; additionally, six laboratories used PCR-
RFLP, mainly for testing family relationship for the
UK. Human Organ Transplant Act, which by law then
required an RFL Ptest, two performed SSCP, one per-
formed heteroduplexing and one SBT. Interestingly,
only two of the 24 laboratories never performed se-
rology. Severa of the laboratories which performed
serology did so for cadaveric donors only [59].

An increasing number of methods arefiltering into
the clinical laboratory in the form of kit-based pro-
ducts. The popularity of these kits is increasing as
Class| kitsbecome available to complement the Class
Il kits. Nearly all of these kits arein aform suitable
to typeoneindividua at atime. Very few laborato-
ries have the technology to prepare their own re-
verse dot blot methods. Several of those that have,
have cooperated with commercial companiesto take
the product to the market.
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