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© Birkhäuser Verlag, Basel, 1999

Research Article

Detection of HLA-E and -G DNA alleles for population
and disease studies
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Abstract. HLA-E and -G genes show a restricted poly- may reach the cell surface and inhibit the lysis by NK
cells. Most findings are consistent with the hypothesismorphism encoding for molecules whose variability is

limited at the peptide binding site. Fourteen alleles that that HLA-E and -G proteins may be tolerogenic
give rise to only three productive proteins for HLA-G molecules at either the T-cell receptor (TcR) (inflamma-

tion, graft rejection) or NK level, switching off cells(*0101, *0103 and *0104) and five alleles with three
different proteins for HLA-E (*0101, *0102 and *0103) which usually attack foreign (including foetus) or self

(autoimmune) antigens. A low HLA-E and -G polymor-have been described. Expression of these molecules is
low and found in many tissues for HLA-E; HLA-G phism is observed in humans, and their allele frequencies
protein is expressed in extravillous trophoblast cells and are mostly homogeneous in the populations tested so

far. Many studies to detect these alleles are now beingthymic epithelium. Molecular studies have shown how
performed in isolated populations and also in preg-HLA-G and HLA-E bind to natural killer (NK) cells

immunoglobulin and lectin-type inhibitory receptors. nancy-associated pathologies. In the present paper, stan-
HLA-E may act as a sentinel of the cell; if classical class dard and detailed techniques to detect HLA-E and -G

DNA polymorphism are reported and discussed.I and HLA-G are being expressed, HLA-E molecules
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Nonclassical human major histocompatibility complex
(MHC, also named HLA) class I or MHC class Ib
genes have been distinguished from classical MHC class
I molecules by their limited polymorphism [1–10] and
lower level of expression on the cell surface. The HLA-
E gene [1] is located between HLA-C and -A loci. The
HLA-G [11] is located telomeric to the HLA-A locus,
showing a high degree of sequence similarity with HLA-
A2, both at the nucleotide and amino acid levels [12].

HLA-E and -G are currently being widely studied in
order to establish a relationship between their low poly-
morphism and their possible function.
HLA-E is expressed ubiquitously but at the transcrip-
tional level; HLA-G is certainly expressed in extravil-
lous cytotrophoblast and also in some thymic epithelial
cell subpopulations [13, 14], and may be that in some
macrophages [15], fetal endothelial cells [16] and, al-
though conflicting results were published, may be in
syncytiotrophoblast [17]. This restricted expression sug-
gests that HLA-G products may play an important role
in the mother’s immune tolerance to the semiallogenic
foetus [18]. It has been suggested that HLA-G expres-
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sion on target cells protects them from natural killer
(NK) cell-mediated lysis through NK-inhibitory recep-
tors. Although conflicting results have been obtained on
the identification of NK-cell receptors recognising HLA-
G [19], it is now admitted that HLA-G interacts with the
following killer inhibitory receptors belonging to the
immunoglobulin (Ig) superfamily: leukocyte Ig-like re-
ceptor (LIR)-1/Ig-like transcript (ITL)-2 [20, 21], ITL-4
[22] and p49 [23]. Another member of the KIR family
named KIR2DL4 has recently been described. It is
structurally different in the configuration of its two
extracellular Ig domains, transmembrane and cytoplas-
matic domains. This inhibitory receptor binds to cells
expressing HLA-G but not to cells expressing other HLA
class I included HLA- E [24].
HLA-E expression on the cell surface is dependent on the
nonamer peptides which are derived from the peptide
leader from classical class I antigens and preferentially
from HLA-G. On the cell surface, HLA-E is able to bind
inhibitory CD94/NKG2A or activating CD94/NKG2C
lytic receptors [25].
There are six major alternatively spliced forms of HLA-G
messenger RNA (mRNA) [26]: HLA-G1, -G2, -G3 and
-G4, which encode membrane-bound proteins containing
3, 2, 1 and 2 external domains, respectively and two
HLA-G soluble forms (-G5 and -G6; also designated as
HLA-G1s and HLA-G2s, [27]). The latter are encoded by
mRNA(s) -G1 and -G2 that retain intron 4, which is
partially translated. On the other hand, no alternatively
spliced forms have been found for HLA-E.
During the 12th International Histocompatibility Work-
shop and Conference, our group set up the first standard-
ised protocol for HLA-E and -G DNA typing by
polymerase chain reaction-specific sequence oligoprobes
(PCR-SSO) and restriction fragment length polymor-
phism (RFLP); this allowed us to study more than 400
individuals belonging to different populations [28, 29].
However, although these techniques were used by many
laboratories, they have never been published. In this
paper, this methodology is detailed, for the first time,
with improvements that include the detection of all the
new -E and -G alleles described so far.

Materials and methods

HLA-E PCR-SSO typing

PCR amplification. Genomic DNA from peripheral
blood mononuclear cells was amplified by using the
PCR. In order to obtain the complete exon 2, intron 2 and
exon 3 HLA-E sequences, a specific 5% primer
(E25%:TGTGAATTCTCTACCGGGAGTAGAGAGG)
and a specific 3% primer (E33%:AGCCCTGTGGACC-
CTCTT) were used [3]. PCR reactions included 10×
PCR buffer (10 mM Tris-HCl pH 8.4 at 24 °C, 50 mM

KCl, 0.1 mg/ml gelatin, 0.02% NP40, 1.5 mM MgCl2,
final concentrations), 125 mM 2% deoxyribonucleoside-5%
triphosphate (dNTP) mix, 1 mM of each primer and 0.025
U/ml Taq Polymerase (Perkin Elmer) in a final volume of
100 ml. The PCR conditions consisted of 30 cycles of
94 °C, 30 s; 65 °C, 1 min; and 72 °C, 1 min in a
programmable heat block (9600 Perkin Elmer). The PCR
products obtained were electrophoresed in a 2% agarose
gel and detected by staining with ethidium bromide.
Oligonucleotide labelling. Specific oligonucleotides for
HLA-E (table 1) were labelled with dig-ddUTP
(Boehringer Mannheim, Germany) following the manu-
facturer’s recommendations.
Dot/slot blotting. PCR products were blotted onto a
nylon membrane (Amersham, UK) as follows: i) for
denaturation, 80 ml of the amplification reaction was
taken, and 320 ml of NaOH 0.5 M was added to it. This
was mixed well and maintained at room temperature for
10 min. 400 ml of ammonium acetate 2 M was added, and
this was mixed well and put in ice; ii) 50 ml of this final
mixture was transferred to a spot of the nylon membrane
previously soaked in ammonium acetate 1 M. Once the
sample had passed through the membrane, 500 ml of
ammonium acetate 1 M was added. The membrane was
dried at room temperature and then dried to completion
at 80 °C for 2 h (Baking), or illuminated with a 254-nm
ultraviolet (UV) lamp for 5 min. Alternatively, PCR
products can be blotted directly onto the membrane (1 ml)
and the membranes dried at room temperature. With
constant gentle agitation, the membranes were wet with
0.4 M NaOH for 10 min and then equilibrated with
ammonium acetate 2 M. The membranes were dried at
room temperature and then dried to completion as
described above.
Prehybridisation. Each membrane was placed in a 50-ml
tube with hybridisation buffer (6×SSPE, 5×Magic
Denhardt, 0.1% Lauryl sarcosine, 0.02% SDS, 0.2 ml/
cm2) for 30 min at 42 °C.
Hybridisation. The hybridisation solution used in prehy-
bridisation was removed, and the hybridisation solution
(0.2 ml/cm2) containing the dig-ddUTP-labelled oligonu-
cleotide probe was added. This was incubated for 3 h at
42 °C.

Table 1. Specific oligonucleotide probes used for HLA-E typing.

Exon 2
DNA sequence (5 %�3 %) SpecificitiesName
GGCTCCCACTCCTTGE2011 0101,0102,01031,01032

0101,0102,01031CGAGTGAACCTGCGGE2021
01032CGAGTGAATCTGCGGE2022

CTGCGCGGCTACTAC 0101,01031,01032E2031
CTGCGGCGCTACTACE2032 0102

Exon 3
SpecificitiesDNA sequence (5 %�3 %)Name

E3011 CCCGACAGGCGCTTC 0101,0102
E3012 01031,01032,0104CCCGACGGGCGCTTC

0101,0102,01031,01032CACCAGAGAGCCTACE3021
E3022 CACCAGGGAGCCTAC 0104
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Washing. This process was done as follows: With con-
stant gentle agitation, the membrane was rinsed in 100
ml per membrane of 2×SSPE, 0.1% SDS at room
temperature for 5 min, twice. The membrane was
washed in 100 ml of tetramethylammonium chloride
(TMAC) solution (50 mM Tris-HCl (pH 8.0), 3 M
TMAC, 0.5 M EDTA, 0.1% SDS) at room temperature
for 10 min. The membrane was washed twice in 100 ml
of preheated TMAC solution at 50 °C for 15 min and
then washed in 100 ml of 2×SSPE.
Chemiluminescent detection. The following washes were
done at room temperature, with constant shaking. The
wash volume was approximately 100 ml per 100 cm2 of
membrane. This was washed immediately in buffer 1
(100 mM Tris-HCl, pH 7.2, 150 mM NaCl) for 5 min.
This was washed in buffer 2 (buffer 1 containing 1%
blocking reagent, Boehringer) for 30 min and incubated
in buffer 1 containing AP-antibody anti-dig (75 mU/ml,
dilution 1/10,000) for 30 min. Next, this was washed in
buffer 1 for 15 min, twice, and then in buffer 3 (100 mM
Tris-HCl, pH 9.5, 100 mM NaCl, 50 mM MgCl2) for 5
min. The membrane was incubated in buffer 3 for 5
min. The membranes were wet with the CDP-star sub-
strate solution (Phototope-star Detection kit for nucleic
acids, New England Biolabs, UK) and then dried briefly
(but not completely) and exposed with an X-ray film for
a variable time (5 min or more).
Colour development for alkaline phosphatase. This was
the same as the chemiluminescent protocol but using
buffer 3 containing nitroblue tetrazolium choloride
(NBT) solution (30 ml of NBT stock per 10 ml of buffer
3) and X-Phosphate (30 ml of X-Phosphate stock per 10
ml of buffer 3) (Boehringer Manhein, Germany) instead
of CPD-star substrate. NBT stock: 100 mg/ml nitroblue
tetrazolium salt in 70% dimethyl formamide. X-Phos-
phate stock: 50 mg/ml 5-Bromo-4-chloro-3-indodyl
phosphate in dimethyl formamide. Incubation was done
in complete darkness. The colour was developed in a
few minutes and was completed in one day (do not
shake). The membrane was washed in 50 ml of TE 10/1,
pH 8.0, to stop the colour development.

HLA-G PCR-SSO typing

PCR amplification. Genomic DNA was amplified using
PCR. In order to obtain the complete exon 2, intron 2
and exon 3 HLA-G sequences, a specific 5% primer
(G-25%: TCCATGAGGTATTTCAGCGC) and a spe-
cific 3% primer (G-33%: GGTACCCGCGCGCTGC-
AGCA) were used [5]. PCR reactions included
10×PCR buffer, 125 mM dNTP mix, 1 mM of each
primer and 0.025 U/ml Taq Polymerase (Perkin Elmer)
in a final volume of 100 ml. The PCR conditions con-
sisted of 30 cycles of 96 °C, 15 s; 55 °C, 15 s; and

Table 2. Specific oligonucleotide probes used for HLA-G typing.

Exon 2

Name DNA sequence Specificities*
(5 %�3 %)
GTGGACGA-G 2.1 01011, 01012, 01013, 01014, 01015,

01016, 01017, 01018, 0102, 0104,CACGCAGTTC
0105N

G 2.2 GTGGACGAC- 0103
TCGCAGTTC

G 2.3 GAGGGGCCA- 01012, 01013, 01017, 01018, 01041,
GAGTATTGG 0105N

G 2.4 GAGGGGC- 01011, 01014, 01015, 01016, 0102,
0103, 01043CGGAG-

TATTGG
G 2.5 AG- 01042

GAGGGGCCC-
GAGTATT

G 2.6 01014AACAC-
CAAGGCT-
CACGCA

G 2.7 GAGCGGGAG 0102
GGGCCG-
GAG

Exon 3

Specificities*DNA sequenceName
(5 %�3 %)

G 3.1 TCTCATACC- 01012, 01017, 0105N
CTCCAGTGG

G 3.2 TCCGACG- 01013, 01015, 01017
GTCGC-
CTCCT
TC-G 3.3 01011, 01012, 01014, 01016, 01018,

0102, 0103CGACGGACG-
CCTCCTC
CGCCTCATC-G 3.4 01041, 01042, 01043
CGCGGGTAT

01011, 01012, 01013, 01014, 01015,G 3.5 CGCCTCCTC-
CGCGGGTA 01016, 01017, 01018, 0102, 0103,

0105N
GAAC- 0105NG 3.6
GAGGACT-
GCGCTCC

G 3.7 all but 0105NAACGAGGAC-
CTGCGCTCC

*G*01014, -01015, -01016, -01017 and -01018 have been recently
described. HLA-G*01011 and -G*01016 cannot be distinguished
each other in exons 2 and 3.

72 °C, 1 min in a programmable heat block (9600
Perkin Elmer). The PCR products obtained were elec-
trophoresed in a 2% agarose and detected by staining
with ethidium bromide. Specific oligonucleotides for
HLA-G (table 2) were labelled with dig-ddUTP as
described above. Also, Dot/slot-blot was the same as
that used for HLA-E typing.
Hybridisation. Each membrane was placed into a 50-ml
tube with TMAC solution (10 ml) as hybridisation
buffer containing the dig-ddUTP-labelled oligonucle-
otide probe. It was incubated with rotation for 3 h at
54 °C.
Washing. With constant gentle agitation, the membrane
was rinsed in 100 ml per membrane of 2×SSPE, 0.1%
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SDS at room temperature for 5 min, twice. The mem-
brane was washed in 100 ml of TMAC solution [50 mM
Tris-HCl (pH 8.0), 3 M TMAC, 0.5 M EDTA, 0.1%
SDS] at room temperature for 10 min. The membrane
was washed in 100 ml of preheated TMAC solution at
60 °C for 15 min, twice. Membranes hybridised with
oligoprobes G2.2, G3.2 and G3.6 had to be washed
with preheated TMAC solution at 63 °C for 15 min.
The membrane was then washed in 100 ml of 2×SSPE.
The detection steps were the same as described above

HLA-G PCR-RFLP-DNA typing

PCR amplification. Genomic DNA was amplified using
PCR. To obtain exon 2 and exon 3 HLA-G sequences
separately, two specific primer sets, G-25%: TCCAT-
GAGGTATTTCAGCGC/G-23%: CTGGGCCGGAG-
TTACTCACT and G-35%: CACACCCTCCAGTG-
GATGAT/G-33%: GGTACCCGCGCGCTGCAGCA,
were respectively used [5]. PCR reactions included 10×
PCR buffer, 125 mM dNTP mix, 1 mM of each primer
and 0.025 U/ml Taq Polymerase (Perkin Elmer) in a
final volume of 100 ml. The PCR conditions consisted of
30 cycles of 96 °C, 15 s; 55 °C, 15 s; and 72 °C, 1 min
in a programmable heat block (9600 Perkin Elmer).
Digestion. Following the HLA-G exon 2 or exon 3
amplification, aliquots (10 ml) of the reaction mixture
were digested with the restriction endonucleases as fol-
lows: i) exon 2 amplifications were digested using MspI,
HinfI, AsuI and ApaI, and ii) exon 3 with AcyI, PpuMI
and BseRI following the manufacturers’ recommenda-
tions. The digestion products were size-resolved in a 6%
acrylamide gel or 2% Nusieve agarose and detected by
staining with ethidium bromide. Interpretations of the
possible results are shown in table 3.

HLA-E and -G sequence-based typing (SBT)
HLA-E and -G PCR products from both chromosomes
comprising exon 2, intron 2 and exon 3 sequences were
identified by differential migration in 2% agarose gel
electrophoresis and purified with a Qiaquick gel extrac-
tion kit (Qiagen, Hilden, Germany). Double-stranded
DNA templates were sequenced using the Sanger’s
dideoxy chain terminator method, with dye-labelled
dideoxy terminators. DNA samples were analysed in a
Perkin Elmer (Foster City, CA) 373A automated DNA
sequencer as previously [30]. HLA-E and -G amplifica-
tion primers were also used as sequencing primers. Due
to relatively low genetic polymorphism, SBT can be
applied for HLA-E and -G typing because ambiguous
positions were assigned correctly.

Results and discussion

HLA-E polymorphism. HLA-E alleles detected by
PCR-SSO typing do not show significantly different
frequencies among 479 unrelated healthy individuals
(HLA-A, -B, -C phenotyped) belonging to four differ-
ent ethnic groups: Caucasoids (Spanish, French, Hun-
garians, Danish and Italians), Orientals (Thai-Chinese,
Chinese and Japanese), and Asian Indians and Ne-
groids (South Africans) [28]. Initially, the E*0101, 0102,
0103 and 0104 alleles and some unusual typing patterns
were found ([28], fig. 1). A sequence-based typing strat-
egy of these patterns revealed the existence of a new
allele, E*01031, and the absence of E*0104 in the
Spanish population [8]. No linkage disequilibrium was
found between HLA-E and any of the classical class I
(HLA-A, -B, -C) or class Ib (HLA-G) loci [28]. Many
populations remain to be studied, and new HLA-E
variants may be found. However, this locus seems to

Table 3. PCR-RFLP HLA-G allelism determination.

SpecificitiesBands (bp)Enzymes

Exon 2
MspI 113+125 01011, 01014, 01015, 01016, 0102, 0103, 01043

01012, 01013, 01017, 01018, 01041, 01042238
010379+125HinfI
all but 0103106+175

118+125AsuI 01014
80+125 all but 01014

ApaI 120+161 01042
all but 01042281

Exon 3
45+231 all but 01013, 01015, 01017AcyI

01013, 01015, 01017276
all but 0105NPpuMI 108+168

276 0105N
all but 01041, 01042, 0104340+236BseRI

276 01041, 01042, 01043
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Figure 1. Chemiluminescent signals (points) correspond to posi-
tive hybridisation patterns of the E2021 oligoprobe (exon 2) which
detects the E*0101, 0102 and 01031 alleles. The localisation of
each individual sample in the membrane is achieved by a double
code based on one number (column) and one letter (i.e. 1A= indi-
vidual 1).

Figure 2. The membrane shown contains the G3.2 oligoprobe
(exon 3), which detects G*01013, 01015 and 01017 alleles. The
localisation of each individual sample in the membrane is
achieved by a double code based on one number (column) and
one letter (i.e. 1A= individual 1).

G*01013, 01015 and 01017 alleles. On the other hand,
restriction enzymes and PCR-RFLP techniques are able
to recognise all polymorphic positions except those at
the beginning of exon 3 for G*01012, 01017 and 0105N
(the equivalent one to G3.1 probe) and those located in
exon 4 for G*01016 and G*01042. An example of the
G*0105N detection by PpuMI restriction enzyme is
shown in figure 3.

have low polymorphism at the DNA level, which gives
rise only to three different proteins with nonsynony-
mous changes at codons 83, 107 and 157. This restricted
polymorphism may be tightly related to modulation of
NK cell function, particularly at the fetal-maternal in-
terface, by presenting nonamers derived from the leader
peptide of -G and other class I proteins [31–33]. Pongi-
dae also show little polymorphism [34–36].
HLA-G polymorphism. The HLA-G alleles detected did
not show significantly different frequencies among 514
unrelated healthy individuals who were also HLA-A, -B
and -C phenotyped and belonged to four different eth-
nic groups: Caucasoids (Spanish, French, Hungarians,
Danish and Italians), Orientals (Thai-Chinese, Chinese
and Japanese), and Asian Indians and Negroids (South
Africans) [29]. The HLA-G*01014, 01015, 01016,
01017, 01018, 01042 and 01043 alleles have recently
been described and admitted by the WHO Nomencla-
ture Committee [7, 9, 35, 37]. Hence, these alleles were
not tested for the populations then studied. New probes
have now been designed to detect these alleles,
and specificities for existing probes have been modified
in order to type these new alleles (see table 2).
All HLA-G alleles can be identified by PCR-SSO,
except G*01011/01016, because they only differ at
the beginning of exon 4 by a single base substitution
(see http://www.anthonynolan.com/HIG/seq/pep/text/
g.pt.txt). Figure 2 shows an example of the PCR-SSO
typing with the oligoprobe G3.2 that detects the

Figure 3. Restriction pattern with the enzyme PpuMI. Lane 1: no
cut of the PCR fragment for an individual G*01011/01011 is
observed. Lane 2: a G*01011/0105N heterozygous cell. Lane 3: a
G*0105N/0105N homozygous cell. Lane 4: Molecular weight
markers.
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Linkage disequilibria had already been found between
HLA-G and -A in Spaniards [5]. Also, a significant
A2-G*01011 linkage disequilibrium is found in all other
populations studied [7, 29, 38, 39] and may be the most
ancient A/G linkage disequilibrium already present in
ancestral hominoid populations [29]. The finding of
strong and selective A/G linkage disequilibria with sev-
eral HLA-A alleles suggests the existence of true physical
distance variations in the A/G segment in the different
HLA haplotypes [40]. If there were a hot-spot recombi-
nation site between the HLA-A and -G it, would proba-
bly hinder A/G allelic associations.
It has been postulated that HLA-G molecules may send
negative signals from foetal cytotrophoblast to maternal
NK cells in order to avoid foetal rejection [26, 31, 32],
particularly the soluble isoforms [41]. Variability among
HLA-G alleles is located at codons 31, 54, 57, 69, 93, 107
and 110. Only aminoacid residues at positions 31 and 110
show nonsynonymous changes [29], but they do not
maintain specific contacts either with antigen binding site
or T-cell receptor. On the other hand, the HLA-G
molecules do not show the three hypervariable regions at
the peptide binding site like other HLA antigen-present-
ing molecules. Studies in primates also show that poly-
morphism is restricted, indicating the presence of
selective forces to maintain invariance during at least the
past 50 million years [35, 42]. However, an antigen-
presenting role for MHC-G molecules is not discarded
[43, 44].
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