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PCR-based HLA 
Class II Typing 
UIf Gyllensten and Marie Allen 

Department  of Medical Genetics, University of Uppsala Biomedical Center, 
S-751 23 Uppsala, Sweden 

T h e  h u m a n  leukocyte ant igen (HLA) 
class II molecules are cell-surface 
glycoproteins involved in the regula- 
t ion of i m m u n e  responses. Allelic vari- 
ation at the HLA class lI loci is an im- 
portant  consideration in major areas of 
medicine and biology. For instance, 
detailed knowledge of the allelic con- 
stitution at class lI loci is required for 
match ing  of suitable donors and recipi- 
ents for bone marrow and other tissue 
transplantat ions.  Susceptibility to a 
number  of au to immune  diseases has 
also been found to be associated with 
specific residues, alleles, or haplotypes 
at class II loci, (9-17) and characteriza- 
t ion of these loci provides an oppor- 
tuni ty  for early identif ication and in- 
itiation of immuno the rapy  for individ- 
uals at risk of developing these dis- 
eases. The class II po lymorphism also 
provides an excellent marker system 
for paternity determinat ions  and for 
purposes of individual  identification in 
forensic medicine.  118,19) Finally, these 
loci are valuable tools in de termining 
evolut ionary relationships at the DNA 
level. In this review we discuss the pros 
and cons of the alternate methods  
available for genetic typing of the al- 
lelic variation at class II loci for these 
various applications, using the 
polymerase chain  reaction (PCR). 

HLA CLASS II LOCI 

A functional  class II cell-surface 
ant igen is composed of an ~- and a 13- 
chain  and is capable of b ind ing  pep- 
tide fragments from processed antigens 
of foreign or endogeneous origin in a 
cleft formed by two ¢~-helices and a 13- 
pleated sheet. (1,2) The bound  peptide is 
recognized by the T-cell receptor in the 
context of the class II molecule, lead- 
ing to T-lymphocyte activation. 

The HLA class II region on chromo- 
some 6 consists of the three sub- 
regions--DR, DO., and DP--each of 

which  encodes one c~-chain and one, 
or, in the case of DR, several, 13- 
chains. ¢3,4~ The loci encoding these 
antigens are among the most polymor- 
phic protein-coding genes in higher 
organisms. (3-61 The allele frequency 
distr ibution at most of the expressed 
HLA class II loci, with the exception of 
DPB1, is also signficantly different 
from that of most nuclear genes, with 
m a n y  alleles at intermediate frequen- 
cies. Most of the allelic sequence diver- 
sity resides in the second exon, which  
encodes the amino- terminal  domain  of 
the antigen.(7,8) 

DETECTION OF HLA CLASS II 
POLYMORPHISM 

HLA t y p i n g  was prev ious ly  carr ied out  
exclusively with the use of serologic 
reagents or by studies of mixed lym- 
phocyte culture (MLC) reactions. Al- 
though these assays are able to dis- 
t inguish a number  of the class II 
molecules, the technology is not sensi- 
tive enough to resolve the full spec- 
t rum of alleles. This is especially true 
for antigens such as the DP antigen, 
which  is present in low abundance  on 
the cell surface. W h e n  cDNA probes 
became available for the different loci, 
HLA typing could be carried out at 
DNA level by the restriction fragment 
length po lymorph ism method  (RFLP), 
providing a somewhat  finer resolution 
of the allelic variation.(2°) 

The introduct ion of the PCR meth-  
od (21-23) has made it possible to per- 
form genetic typing of HLA class II loci 
by any of a number  of alternate meth- 
ods: heteroduplex analysis, (24) restric- 
t ion enzyme cleavage analysis,/22,2s-27) 
allele-specific PCR amplification,  (28,29) 
oligonucleotide probe hybridiza- 
tion, (18,19,3°-37) and direct sequencing 
of amplif icat ion products. (28) These 
alternate approaches are associated 
with different abilities to resolve the 
full allelic spectrum. Because they al- 

low identif ication of individual  alleles 
independent  of the relative levels of 
expression, the genotype can in most 
cases be determined unambiguously .  
Results similar to those of a null  allele 
can be obtained if the two alleles in a 
heterozygous individual  are amplif ied 
with different efficiencies. However, 
this phenomenon ,  named  allelic 
dropout, has been noted only when  
the denaturat ion temperature in the 
PCR cycle is much  below optimal  
temperatures (around 85°C and below) 
and does not normal ly  occur when  the 
standard temperature cycle is used. 

Heteroduplex Analysis 

A simple method  for detecting genetic 
differences among individuals is het- 
eroduplex analysis in which amplif ied 
material from two individuals is 
mixed, denatured, and reannealed and 
the heteroduplexes formed are exam- 
ined on a native acrylamide gel. (24) 
Mismatches between the two products 
will result in the formation of hetero- 
duplexes with a slower migrat ion rate 
than  products with perfectly matched 
strands. However, this method  will not  
resolve the nature of the difference be- 
tween alleles. Furthermore, it may  be 
necessary to examine  all possible com- 
binat ions of individuals  to find perfect- 
ly matched pairs. Therefore, each new 
individual  for which  a perfect match  is 
sought either has to be tested against 
every individual  in the donor popula- 
t ion or against representatives of all 
known alleles. Consequently,  because 
the typing results are difficult to com- 
pare between populations,  this techni- 
que is not suited for typing of large in- 
ternational  donor registers. 

PCR-RFLP 

The PCR-RFLP analysis technique is 
based on the amplif icat ion of DNA 
fragments from wi th in  a gene, or from 
flanking sequences, conta in ing  restric- 
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t ion sites specific to individual  al- 
leles. (22) Sequence variations between 
two alleles can be identified by a 
restriction enzyme cleavage that 
creates products of different sizes. After 
digestion of the amplif ied fragments, 
the products are examined by agarose 
gel electrophoresis. This method  re- 
quires the identif ication of RFLPs 
unique  to each allele, and is likely to 
require the use of mult iple  pairs of PCR 
primers. In addition, the screening sys- 
tems require for correct typing that 
restriction enzyme cleavages are not 
inhibi ted.  This method  is essentially a 
simplified version of general RFLP, and 
because the restriction site used for 
diagnosis may not  reside wi th in  the 
gene, actual coding sequence informa- 
tion will not be obtained. Consequent-  
ly, new polymorphisms arising wi th in  
the framework of f lanking restriction 
sites may  be missed. This method  has 
been used to type alleles or groups of 
alleles at the DPB1, (2s~ DRB1, and 
DQB1 loci. ~26) Due to the lack of RFLP 
patterns unique to every allele, this ap- 
proach fails to dist inguish m a n y  of the 
genotypes at class II loci. ~27/ 

Allele-specific PCR Amplification 
The PCR reaction itself can be done in 
an allele-specific m a n n e r  by designing 
one, or both, of the PCR primers with 
a sequence complementary  to that of a 
specific allele. With  the proper PCR an- 
neal ing temperature, the oligonucleo- 
tides will prime a single type of allele 
exclusively, and thus result in an am- 
plification product only if that  specific 
allele is present in the sample. (28,29) 

The main  advantage of this method 
is that typing results can be obtained 
s imply by examin ing  the products by 
gel electrophoresis. However, this is 
also the drawback of the method  be- 
cause the number  of parallel reactions 
needed equals that of the complete set 
of alleles, in fact, as a total of almost 
100 different alleles are known at the 
most c o m m o n  target loci (DQA1, 
DQB1, DRB1, DPB1; Table 1), m a n y  
primer pairs have to be designed and 
optimized, and even if a number  of 
mul t ip lex  PCRs are composed, the 
number  of parallel reactions of the 
same DNA is likely to be large. The 
technique has, however, proven useful 
for the analysis of individual  alleles, 
when  the composite oligonucleotide 

typing does not  result in an un- 
ambiguous allelic designation. In addi- 
tion, it can be applied to the subtyping 
of the various DR types. (36,37) 

Allele-specific PCR amplif icat ion is 
also useful in forensic medicine when  
the biological evidence material con- 
tains a mixture of genotypes. ~38) Such 
samples are c o m m o n  in the analysis of 
vaginal  swabs from rape cases, where 
most of the genetic material originates 
from the epithelial  cells of the victim 
and only  trace amounts  of genetic 
material are derived from the sperm 
cells of the rapist. 

Oligonucleotide Typing of 
Amplified Products 
The use of short, nonradioact ively 
labeled probes to type PCR-amplified 
DNA is a simple and rapid method to 
detect allelic sequence variation at the 
HLA class lI genes. By using primers 
complementa ry  to regions of the sec- 
ond exon that are conserved among all 
alleles, most of the po lymorphism at 
class II loci can be detected (Table 
1).(18,19,30-37/ 

For typing, the amplif ied samples 
are hybridized to allele-specific (ASO) 
or sequence-specific oligonucleotides 
(SSO) that under  the proper hybridiza- 
tion and washing condit ions will form 
stable heteroduplexes only with those 
sequences to which  they are comple- 
mentary.  (22) The short length of the 
probes will cause even a single base 
mismatch  to destabilize the hetero- 
duplex significantly. At m a n y  class lI 
loci, the polymorphic  motifs defined 
by these oligonucleotides are shared 
between several alleles, and the probes 
are therefore sequence-specific rather 
than  allele-specific. An allele is identi- 
fied by the pattern of hybridizat ion of 
a series of oligonucleotide probes. 

Two formats have been developed 
for detection of a stable heteroduplex 
between oligonucleotide probe and 
PCR product (Fig. 1). In the first typing 
format, the amplif ied DNA sample is 
immobi l ized on a nylon  membrane  
and horseradish peroxidase (HPR)- 
labeled probes are hybridized to the 
PCR products. As an alternative, 
biotin-labeled probes can be used, to 
which HRP is attached by incubat ing 
the membrane  with streptavidin-HRP. 
The bound  probe can be detected with 
an enhanced  chemi luminescence  

(ECL) system (Amersham) or by the 
conversion of the colorless soluble 
te t ramethylbenzidine  (TMB) into a 
colored precipitate (Fig. 1). 

Alternatively, in the "reverse dot 
blot" format, the oligonucleotide 
probes are immobi l ized on the mem- 
brane and hybridized to a biotinylated 
PCR product. (31) The probes immobil -  
ized on the membrane  are tailed with 
poly(dT) using terminal  transferase and 
then cross-linked to the membrane  by 
UV irradiation. ~31~ Biotinylation of the 
PCR product is achieved by at taching a 
biotin molecule to the 5 '  end of one 
of the PCR primers. PCR products 
hybridizing to the probe are detected 
using a streptavidin--HRP conjugate 
that is used either to convert TMB or 
can be detected with the ECL system. 

These nonradioactive detection sys- 
tems have several advantages over clas- 
sical radioactive dot blots. In addit ion 
to being rapid, economic, and not as- 
sociated with the precautions and con- 
straints associated with the use of 
radioisotopes, the somewhat  lower 
levels of sensitivity result in less prob- 
lems with cross-hybridization. The 
nonradioact ively labeled probes can be 
stored for years and it is possible to 
reuse the hybridizat ion solutions as 
well as membranes.  The ECL detection 
system is faster than  using TMB, more 
sensitive, and allows for an easier reuse 
of the membranes .  

Oligonucleotide probe-based typing 
of PCR-generated fragments offers the 
highest  resolving power of the dif- 
ferent methods  previously discussed. 
The typing results are not significantly 
affected by the errors inherent  in the 
PCR, such as point  muta t ional  errors or 
recombinant  products. (23,31) The main  
advantage is, however, that the coding 
sequence is the target for typing rather 
than  linked polymorphisms.  This will 
allow identif ication of po lymorphic  
residues that are critical to disease sus- 
ceptibility, graft rejection in transplan- 
tations, ant igen presentation, and T- 
cell recognition. Under certain condi- 
tions, the oligonucleotide typing sys- 
tem will also allow identif ication of 
previously unident i f ied alleles. The 
need to handle  large numbers  of indi- 
vidual probes with different mel t ing 
temperatures has l imited the clinical 
usefulness of typing of immobi l ized  
PCR products (format 1 in Fig. 1). 
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FIGURE 2 Results of oligonucleotide typing of the two genotypes DRB1 1301/0408 and 1302/0404 that cannot be distinguished using a set of 
six different probes. Due to the sharing of polymorphic motifs between alleles, the combination of motifs on individual alleles cannot be 
determined without allele-specific amplification and subsequent typing. 

two HLA alleles inc luding the presence 
of small deletions or insertions, the se- 
quence ladders generated from het- 
erozygous individuals will contain 
mult iple  heterozygous positions whose 
allelic phase is unknown.  128~ 

There are several ways to resolve 
the phase of individual  mutat ions and 
obtain sequences of individual alleles 
from heterozygote individuals that can 
be applied prior to, during, or after the 
PCR. First, the PCR products may be 
separated on the basis of their 
nucleotide sequence prior to sequenc- 
ing using a formamide gradient gel 
electrophoresis (DGGE) or a tempera- 
ture-gradient gel electrophoresis sys- 
tem (TGGE). (42,43) After electrophore- 
sis, the different allelic templates are 
excised from the gel, reamplified, and 
sequenced individually.  This procedure 
requires no prior knowledge about the 
alleles. However, if some informat ion  
is available for the range of possible al- 
leles, individual  alleles may  be ampli- 
fied by using allele-specific primers, <28~ 
or may  be primed individual ly in the 
sequencing reaction. (28~ The later ap- 
proach requires the use of Taq 
polymerase as the sequencing enzyme 
to yield sufficient specificity in the 
priming.  

USE OF HLA TYPING 
HLA and Transplantation 
The most important  application of 

PCR-based HLA typing is for selection 
of matched donor and recipient pairs 
to avoid rejection in tissue transplanta- 
tions. (44,4s~ Recent studies indicate that 
the 1-year t ransplant  success rate can 
be increased by about 20% when  the 
graft choice is based on DNA-RFLP 
matching,  rather than  serological 
typing alone, and matching  based on 
typing of PCR products is likely to 
yield an even higher  success rate, most 
notably by lowering the long-term re- 
jection rate. t4sl The higher resolution 
offered by DNA typing will in effect 
make it more unlikely to obtain com- 
pletely matched local pairs, unless 
close relatives are available. Therefore, 
the efforts to create national  and inter- 
nat ional  registers of completely HLA- 
typed bone marrow and other tissue 
donors are exceedingly important .  
Such registers will find a number  of 
uses, inc luding being a potential  
source of donors for certain categories 
of gene therapy. However, even among 
these large collections of donors per- 
fect matches for both class I and class 
II genes may be difficult to find. Today 
transplantat ions are performed de 
facto in the face of unknown mis- 
matches due to the lack of proper 
typing technology. With a complete 
typing system, donors can be selected 
more optimally,  and the precise impact 
of individual  mismatches  on graft sur- 
vival rate can be determined.  

Class II-associated Diseases 
More than  40 diseases have been found 
to be associated with particular class II 
haplotypes. In m a n y  of these diseases 
the presence of a certain allele strongly 
associated with the disease is not  
enough to explain disease develop- 
ment,  since only some of the individu- 
als who carry this allele or haplotype 

wi l l  develop the disease. Thus, at pres- 
ent  it cannot  be excluded either that  
the class II variants act as genetic 
markers in linkage disequil ibr ium with 
other putative disease susceptibility al- 
leles that  predispose to the disease, or 
that addit ional  factors such as viral in- 
fections are necessary for the develop- 
ment  of the disease. 

Nevertheless, PCR-based analysis 
has had a major influence upon our 
unders tanding of the molecular basis 
for au to immuni ty .  First, the ease by 
which  new allelic sequences can be 
generated has resulted in the identi- 
fication of individual  residues postu- 
lated to confer susceptibility or 
resistance to some of the most impor- 
tant au to immune  diseases. ~s,6,9,17,46,47) 
In other cases, it has been suggested 
that the whole allele or the 
heterodimer is the cause of the autoim- 
mune  reaction. ~11~ Second, PCR has 
made possible the analysis of the T-cell 
repertoire in key cell types. ~48t Thus, a 
combined  analysis of the variation in 
the two molecules responsible for the 
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antigen recognition process is possible, 
potential ly providing new insight into 
the mechan i sm by which  autoim- 
mun i ty  is triggered. Pending future de- 
velopments  in the field of im- 
munotherapy,  individuals at risk of de- 
veloping au to immune  symptoms may 
be identified at an early stage, thereby 
making  it possible to delay or com- 
pletely reverse the au to immune  pro- 
cess. 

HLA Typing in Forensics 
The HLA class II loci provide a suitable 

set of markers for the typing of biologi- 
cal evidence material secured from the 
crime scene. Convent ional  VNTR or 
"DNA fingerprint" technologies require 
from hundreds  of nanograms to micro- 
gram amounts  of DNA to be useful, 
whereas PCR is applicable to samples 
with less than a nanogram of DNA. In- 
deed, many  of the biological evidence 
materials, such as single hairs, small 
blood stains, small amounts  of semen 
mixed with vaginal fluids and epitheli- 
al cells, bits of bone, and tissue from 
under  fingernails are too limited to be 
analyzed by convent ional  DNA analy- 
sis.(19,49,so) 

The DNA markers most c o m m o n l y  
used for forensic analysis, such as 
single VNTR loci or multi locus patterns 
(minisatellite), have very high discrim- 
inatory powers. (sl) However, these sys- 
tems are relatively evolutionari ly un- 
stable and the repetitive nature of the 
sequences may result in the accumu- 
lation of artifact products caused by 
off-register reanneal ing of PCR produc- 
ts. (s2) By contrast, the HLA class I and 
II loci, as well as other single-copy 
coding sequences, have a number  of 
defined and stable alleles. Thus, typing 
of PCR products using oligonucleotide 
probes is possible using even very 
degraded DNA samples. All erroneous 
PCR products are excluded by dot blot 
typing, and products resulting from 
nonspecific pr iming  or pr iming  of 
h ighly  degraded DNA copies do not  
usually interfere, resulting in an un- 
ambiguous typing of the DNA even 
when  the target products constitute a 
minor  fraction of all PCR products. An 
example  of the use of HLA typing 
employing  the typing system for the 
HLA-DQA1 locus is shown in Figure 3. 
In this case, two men  were suspected of 
having raped a woman  (victim), and 

TYPI 

FIGURE 3 Results of HLA-DQA1 typing of the biological evidence from a criminal case (see 
text for details). 

the evidence consisted of two individu- 
al hairs found on the victim. The 
DQA1 locus typing revealed that evi- 
dence hair number  1:2 could not have 
come from any of the two suspects but 
may  be derived from the vict im her- 
self. Evidence hair number  1:1 could 
not have come from the vict im herself, 
but was found to contain alleles identi- 
cal to those of one of the suspects. The 
relatively low power of discr iminat ion 
of the DQA1 locus by itself results in a 
probabili ty of identi ty by chance for 
the genotype of hair 1:1 of about 11% 
in a Swedish population.  However, by 
similar analysis of several class I and 
class II loci, this probabili ty can be 
reduced substantially. 

Evolutionary Analysis of HLA 
Polymorphism by PCR 
PCR provides the most powerful tech- 
nique so far developed for studying the 
evolutionary process of different taxa 
at the DNA level. Oligonucleotide 
primers based on the sequence of 
regions of the DNA that are conserved 
or evolving at a normal rate have suc- 
cessfully been applied to comparative 
analysis of the homologous gene in 
species that have been isolated for 
40-80 mil l ion years. (s3-s6) For in- 
stance, the primers made to h u m a n  se- 
quences have been used to study 
homologous gene segments from Old 
and New World monkeys.  Also, PCR 
based on degenerate primers has been 
used to clone the first representatives 
of Mhc genes from fishes, someth ing  
that had been proven impossible using 
convent ional  DNA technology. (s7) 

The evolutionary origin and 
main tenance  of the extensive allelic 
diversity at HLA class II loci has been 

the subject of considerable con- 
troversy. (58-62) Two hypotheses have 
been advanced to explain the origin of 
sequence polymorphism:  Either the 
po lymorph ism has been generated dur- 
ing the lifetime of the h u m a n  species, 
or, alternatively, it could predate 
speciation and may  have been 
main ta ined  in the contemporary hu- 
m a n  populat ion by selection. Compar- 
sion of the allelic spectrum in h u m a n s  
with that  in other hominoids  has 
revealed striking similarities between 
allelic types f o u n d  in different 
primates. (53-s6,63,64/ Phylogenetic anal- 
ysis of allelic sequences at the DQA1 
locus has shown that  the four major  al- 
lelic types found in m a n  have counter- 
parts in several homino ids  (Fig. 4). For 
example, representatives of sequences 
of the A1 allelic type are found in all 
the homino ids  (human,  gorilla, 
chimpanzee)  examined.  The similarity 
of allelic types between species is evi- 
dent  both from analysis of the amino  
acid sequences and the silent changes, 
indicat ing that the allelic types predate 
the homino id  divergence, that  some 
predate even the divergence of Old 
World monkeys,  and that  the 
similarities are not due to convergent 
evolution of unrelated sequences. 
Similarly, alleles at the DQB1, and 
DRB1 have been analyzed for their 
evolut ionary antiquity,  tss,s6/ the 
results indicate that m a n y  of the allelic 
types may  be 5-20 mil l ion years old. 
In some cases, the po lymorph i sm is so 
conserved that oligonucleotides made 
to h u m a n  alleles can be used for 
typing of samples from other homi-  
noids (Gyllensten et al., in prep.). 
FUTURE DEVELOPMENTS 
The availabili ty of a complete PCR- 
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FIGURE 4 Phylogenetic tree for alleles at the HLA-DQA1 locus from different primates. (For 
details on the analysis, see ref. 53.) The sequences representing different allelic forms are 
bracketed in the tree. The sequences HDXA, HDQA1.2, HDQAI.1, HDQA1.3, HDQA2, 
HDQA3, HDQA4.1, HDAQ4.2, and HDQA4.3 are derived from humans. The sequences 
PDXA, PDQAI, PDQA3, PDQA4X, and PDQA4Y are derived from regular chimpanzee. The se- 
quences GDXA, GDQA1.2, GDQA1, GDQA3, and GDQA4 are derived from gorilla. The other 
sequences are derived from other Old World (Macaca, Presbytis, Papio) or New World 
(Callithrix, Cebus) monkeys. 

based typing system for the class Ii 
genes will stimulate interest in apply- 
ing the same technology for detailed 
typing of the polymorphism in the 
class I region. However, the develop- 
ment  of a PCR-based system for the 
class I loci A, B, and C represents an 
unprecedented challenge from both a 
theoretical and a practical s tandpoint .  
First, the high homology between the 
three genes will hinder  the designation 
of locus-specific amplification sys- 
tems.(6s,66) If a single primer pair is 
used for the amplification of all three 
loci, the typing result may  be hard to 
interpret. This is because the tendency 
for exchange of sequence elements be- 
tween exons from the same locus, or 
even between loci, will severely hinder  
an unambiguous  assignment  of poly- 
morphic  residues to a specific locus 
and exon. 1671 Third, the distribution of 
po lymorphism at class l loci which 
span over several exons, instead of a 
single exon as in the class II loci, will 
result in some uncer ta in ty  with regard 
to the allelic phase of the polymor- 
phism in the different exon. Finally, al- 

though there has been rapid progress 
toward a more complete picture of the 
allelic spectrum at class I loci, new al- 
leles will for some time cont inue to be 
uncovered and cause some uncer ta inty 
in the genetic typing. Nevertheless, at- 
tempts are underway to develop par- 
tia1168) and complete class 1 typing sys- 
tems, and the availability of complete 
class II typing systems will undoubtab-  
ly inspire further initiatives. 

There is also a need for further de- 
ve lopment  of the typing format.  With 
an ever-increasing complexity in the 
number  of polymorphic  regions and 
probes to survey, the results of the dot 
blot analysis will have to be read auto- 
matically. One possibility is to design 
the typing format so that  the readout 
will mimic the bar codes commonly  
used for automatic  identification of 
products. This line of development  will 
focus on the needs of smaller labora- 
tories that  perform rapid analysis of 
small numbers  of individuals. For 
laboratories with high throughput ,  
alternate methods  for DNA diagnostics, 
such as the oligonucleotide ligation as- 

say (69) or the ligation chain reaction, 
may  be more suitable. These technol- 
ogies could be combined with a flouo- 
rescent readout that  will enable the de- 
sign of a completely automated  system 
for typing. 

PCR-based typing has already pro- 
vided new insight into the intriguing 
complexity of the po lymorphism at 
class I1 loci and its evolutionary antiq- 
uity. While the perfect typing system 
still needs to be developed, available 
systems for oligonucleotide typing are 
able to resolve most allelic variants and 
have already pushed the resolution of 
the typing technology to unsurpassed 
levels. 
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