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Abstract. Pre-eclampsia is a disorder of human preg-
nancy occuring in 5–10% of all births, and represents the
leading cause of infant morbidity and mortality and ma-
ternal death. In pre-eclampsia, invasion of fetal tro-
phoblasts into maternal arteries during early pregnancy is
shallow or absent. Here we examined the hypothesis that
HLA-G, a non-classical class I HLA expressed in cytotro-
phoblasts, may act as a key gene in pre-eclampsia. We
analysed HLA-G at the level of transcription and geno-
typed a silent CAC-CAT polymorphism in exon 3 and a
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14-bp insertion/deletion in the 3¢ untranslated region. A
deficit in levels of the HLA-G3 transcript was observed in
mild pre-eclampsia compared to normal placentas. The
distribution of HLA-G polymorphisms was different be-
tween normal and pre-eclampsia samples. A correlation
between the alteration in transcription of the HLA-G gene
and certain HLA-G genotypes was also observed. Thus
we provide the first evidence for a possible role of HLA-
G in genetic susceptibility to, and pathogenesis of pre-
eclampsia.
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Introduction

Pre-eclampsia (PE) is characterised by elevated blood
pressure, oedema and proteinuria associated with end-or-
gan damage in the mother and neonatal prematurity in se-
vere cases [1]. While the disorder only becomes clinically
apparent late in pregnancy, pathological changes are evi-
dent earlier on. In particular, fetal trophoblast invasion
into the myometrium is shallow or even absent in PE, re-
sulting in reduced perfusion of the intervillous space and
decreased blood supply to the placenta [2]. This inade-
quate placentation has been hypothesised to trigger the

widespread endothelial cell injury associated with the
disease [3]. In normal pregnancies, extravillous cytotro-
phoblasts which invade deep into maternal spiral arteries
express HLA-G [4, 5], indeed, HLA-G production is up-
regulated as cytotrophoblasts differentiate along the inva-
sive pathway in vitro suggesting that HLA-G production
is a critical component of the invasion process [6].
The genetic mechanisms underlying susceptibility to PE
remain unclear. While early genetic studies focused on a
susceptibility locus in the mother [7, 8], several epidemi-
ological studies have since provided evidence for a role of
the fetal paternal genotype in the disorder [9]. Several
studies have shown association of PE to candidate genes
outside the HLA complex [10–13]. However, while these* Corresponding author.



genes may provide some explaination for the hyperten-
sion and vascular damage associated with the later phase
of the disease, they do not explain the inadequate tro-
phoblast invasion underlying the disorder [2]. In the pre-
sent study we, therefore, focused on HLA-G which seems
to be a key component in the invasion process and hence
an ideal candidate gene for PE.
HLA-G is an unusual class I HLA in that it shows tissue-
restricted distribution in cytotrophoblast [5], amniotic
cells [14], thymus [15] and endothelial cells of chorionic
blood vessels [16]. It also exhibits a limited polymor-
phism and is subjected to alternative splicing yielding
four membrane-bound (HLA-G1 to HLA-G4) and three
soluble (HLA-G5, HLA-G6 and HLA-G7) forms [17,
18]. HLA-G expression may be induced by interferon-g
[19] and interleukin-10 [20]. The strong expression of
HLA-G by invasive trophoblasts may, in part, explain
maintenance of the fetal semi-allograft during pregnancy,
with HLA-G inhibiting activation of maternal T and nat-
ural killer cells resident in the decidua [21, 22].
A deficit of HLA-G protein in PE placentas has been re-
ported [23, 24], and an absence or reduction of HLA-G
expression by extravillous trophoblasts has also been
demonstrated by RNA in situ hybridisation [25].
To evaluate the hypothesis that HLA-G may act as a key
gene involved in the pathogenesis of PE, we analysed
HLA-G at the level of transcription and also polymor-
phism in term placentas from normal and mild PE preg-
nancies. The results obtained strongly suggest a close as-
sociation between an observed alteration in HLA-G tran-
scription in mild PE and the inheritance of particular
HLA-G alleles.

Material and methods

Sample collection
Placentas from normal and mild PE pregnancies (Cau-
casians) were obtained with appropriate informed con-
sent from maternity hospitals in Cork, Ireland. Diagnosis
of mild PE required hypertension (an increase in blood
pressure of > 15 mm Hg diastolic or > 30 mm Hg systolic
from measurement in early pregnancy) and proteinuria in
the mother (0.3 g/24 h) as minimum clinical criteria.
Pregnancy-induced hypertension (PIH) was defined as an
increase in blood pressure as for PE but with no protein-
uria. Tissue samples were snap frozen in liquid nitrogen
and stored at –80 °C until required for isolation of ge-
nomic DNA and total RNA.

Analysis of HLA-G Transcripts
Total RNA was extracted from trophoblast tissue using
the RNA NOW reagent (Biogentex, Seabrook, Tex.) ac-
cording to the manufacturer’s instructions. The quality of
RNA was checked by electrophoresis in a 1.5% agarose-

denaturing gel. Complementary DNAs were prepared
from 5 mg of total RNA as previously described [20].
G.257F (exon 2 specific) and G.1004R 5¢-CCTTTT
CAATCTGAGCTCTTCTTT-3¢ (exon 5–exon 6 junction)
pan-HLA-G primers were used to amplify all alternative
forms of HLA-G transcripts during 35 cycles as previ-
ously described [20]. In all PCR reactions, co-amplifica-
tion with b-actin primers was carried out as a semi-quan-
titative control of total cDNA (16 cycles to avoid satura-
tion). PCR products were analysed by Southern blot using
HLA-G-specific probes G.R (exon 2 specific) for pan-
HLA-G amplification and a b-actin-specific probe [20].
The membranes were exposed to a molecular imager
(Biorad, Ivry/Seine, France) and the values obtained for
the HLA-G signals were normalised to b-actin signals.
Because a semi-quantitative methodology was used, lev-
els of HLA-G transcription were classified as ‘nor-
mal’, ‘reduced’ and ‘low’ rather than associated to num-
bers. Accordingly, we used ++++ (high), +++, ++ or 
– (negative) for HLA-G3 quantification. Analyses were
done blinded with regard to status of samples.

HLA-G genotyping
Genomic DNA was prepared from tissue samples using
standard techniques. The CAC-CAT polymorphism at
codon 93 was genotyped using the glycosylase-mediated
polymorphism detection (GMPD) method [26]. The
polymorphic site in exon 3 was amplified by an initial
PCR using the forward primer G.257F (exon 2) and using
as the reverse primer either G.1004R (exon 5–exon 6) for
cDNA or 5¢-AGGCGCCCCACTGCCCCTGGTAC-3¢
(intron 3) for genomic DNA.
In the subsequent nested amplification reaction, the 3¢
end of the forward primer was designed so that the first U
incorporated downstream of the primer was at the poly-
morphic site in codon 93. Hence, for typing cDNA, the
forward primer was 5¢-AACCAGAGCGAGGCCAGTT
CT-3¢, (exon 2–exon 3), whilst for genotyping genomic
DNA, the forward primer used was 5¢-GACCGAGGGG
GTGGGGCCAGGTTCT-3¢ (intron 2–exon 3). Amplifi-
cation was carried out using 32P-end-labelled forward
primer and the reverse primer 5¢-CCTTTGTTCAGCCA-
CATTGG-3¢ for both genomic and cDNA. Amplified
products were subsequently digested and cleavage prod-
ucts were resolved by denaturing gel electrophoresis. For
cDNA, the C-93 allele was detected as a 28-nt fragment
and the T-93 allele as a 23-nt fragment; for genomic
DNA, the C-93 allele was detected as a 32-nt fragment
and the T-93 allele as a 27-nt fragment.
For genotyping of the 14-bp insertion/deletion polymor-
phism, a region encompassing the 3¢ untranslated region
was amplified using primers 5¢-AGAAAGAAGAGCT
CAGATTGA-3¢ and 5¢-GAGAGGTAAGTTATAGCTC
AG-3¢ for cDNA and primers 5¢-TGTGAAACAGCTGC-
CCTGTGT-3¢ and 5¢-AAGGAATGCAGTTCAGCAT
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GA-3¢ for genomic DNA. For both cDNA and genomic
DNA, PCR products were separated by non denaturing
polyacrylamide gel electrophoresis.
In cases where placentas were homozygous for one/both
of the polymorphisms, HLA-G haplotypes could be di-
rectly assigned. However, with samples which were het-
erozygous for both polymorphisms, haplotypes were as-
signed following allele-specific amplification of cDNA.
Specifically, an initial PCR was carried out to amplify ei-
ther the insertion or deletion alleles: forward primer
G.257F and either 5¢-CAAAGGGAAGGCATGAACAA
ATCTTG-3¢ (insertion allele specific) or 5¢-GTTCTT
GAAGTCACAAAGGGACTTG-3¢ (deletion allele spe-
cific). In a subsequent nested PCR, the CAC-CAT poly-
morphism at codon 93 was genotyped as described
above.

Statistic analysis
Comparisons of genotype and allele distributions were
compared between control and PE samples and per-
formed using Fisher’s exact test. Two-tailed probability
values (p) were calculated. As PIH is a distinct disease en-
tity from PE, placenta A was not included in statistical
analysis.

Results and discussion

Using RT-PCR and Southern blot hybridisations, we first
analysed HLA-G mRNA alternative splicing in ten nor-
mal, one PIH and six mild PE placentas from an Ireland
cohort in comparison to the alternative splicing pattern
of JEG-3 choriocarcinoma cell line. Amplification ex-
periments with the G.257F (exon 2) and G.1004R (exon
5– exon 6) primer set give rise to three well-defined ma-

jor bands corresponding to HLA-G5/HLA-G1, HLA-
G2/HLA-G4 (same length) and HLA-G3 mRNA forms
(figs 1, 2, table 1). The JEG-3-like pattern was observed
in PIH (A sample; fig.1) and all normal placentas but
differed in five out of six mild PE placentas, which ex-
hibited a clear deficit in the HLA-G3 isoform in both
primigravida (placentas B, C and D; fig.1) and multi-
gravida (K and O; fig. 2) pregnancies. Although the PE
sample size is small, the HLA-G3 defect appears to be
highly specific for PE, because this pattern was never
observed in normal placentas including previous unre-
lated studies performed by our (50 normal samples from
France; data not shown) or other [17, 27–29] groups. By
increasing the loading of RT-PCR products from PE
samples, we could exclude that the observed defect in
HLA-G3 mRNA forms was due to a global deficit in
steady-state levels of HLA-G trancripts in comparison to
normal sample. As expected, molecular imager semi-
quantification of HLA-G/b-actin RT-PCR products (not
shown) revealed small inter-individual differences in the
amounts of HLA-G transcript in both samples, either due
to methodology or individual heterogeneity. Neverthe-
less, the analysis agreed with visual observations and
confirmed published data obtained by others with five
PE [24] and ten PE [25] placentas, both providing evi-
dence for a low or very low level of HLA-G expression in
PE samples in comparison to normal placenta. In situ
hybridisation demonstrated that the observed defect in
HLA-G transcription was not due to reduced numbers of
trophoblast cells in PE samples [25].
Hence, mechanisms controlling alternative splicing
(HLA-G3 deficit) but also transcription of the HLA-G
gene are apparently disturbed in PE and thus might be re-
lated to alterations of HLA-G expression in invasive cy-
totrophoblasts.
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Figure 1. Analysis of HLA-G transcription in normal and mild PE placentas from primigravida pregnancies. Southern blots of RT-PCR
products obtained using the pan-HLA-G primer set G.257F/ G.1004R. G1–G5 indicate alternatively spliced forms of HLA-G transcript. b-
actin is the internal control. Samples are identified by letters as indicated in table 1. The loading of RT-PCR products from PE samples ex-
ibiting low or very low levels of HLA-G transcript was increased to confirm that levels of G3 are absent or very reduced in PE samples
(even with extensive exposure; data not shown). As previously demonstrated, levels of HLA-G transcripts relative to b-actin controls are re-
duced in PE placentas.



Two reports showed that the short forms of HLA-G, in-
cluding HLA-G3, do not reach the cell surface and thus
may have no or limited function [30, 31]. Using a trans-
fected melanoma cell line and untagged molecules, we
also investigated the function of truncated HLA-G iso-
forms and demonstrated both cell surface expression of
HLA-G2, -G3 and -G4 and inhibition of immune effector
cells [32, 33]. Expression of these isoforms seems to de-
pend on the cell type and/or the presence of chaperoning
molecules to which they would be associated. Interest-
ingly, the description of healthy homozygous HLA-
G*0105N (null allele) individuals indicates that HLA-G1
is not necessary for survival [34]. Nevertheless HLA-G2,

-G3 and -G6 are produced and may thus play a role dur-
ing pregnancy [35]. Moreover, the leader peptides of
truncated HLA-G isoforms may play a key role in ex-
pression of HLA-E [36]. Hence, the reduction in HLA-
G3 observed in mild PE may be significant. The HLA-G3
isoform was absent in almost all mild PE samples tested,
indicating altered HLA-G transcription mechanisms asso-
ciated with the disease. However, whether altered HLA-G
transcription is involved in trophoblast invasion (early
stages of the disease) or if it is a consequence of placen-
tal ischaemia and infarction (late stages of the disease) re-
mains unclear. 
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Table 1. Analysis of HLA-G transcription and genotype in normal and PE placentas.

Sample Placenta Pregnancy HLA-G transcription HLA-G genotype 
type number

overall HLAG3 C/T-93 I/D-14bp alleles
transcripts

A PIH 1st normal ++++ CC DD C-D, C-D
B PE 1st low – TT II T-I, T-I
C PE 1st low – CT II C-I, T-I
D PE 1st low – TT II T-I, T-I
E PE 1st nd nd CT II C-I, T-I
F Normal 1st normal ++++ CC DD C-D, C-D
G Normal 1st normal ++++ CT ID C-D, T-I
H Normal 1st normal ++++ CC DD C-D, C-D
I Normal 1st normal +++ CC ID C-I, C-D
J Normal 1st normal ++++ CC ID C-I, C-D

K PE 2nd low – TT II T-I, T-I
L PE 2nd normal ++++ CC DD C-D, C-D
M Normal 2nd normal +++ CC DD C-D, C-D
N Normal 2nd nd nd CT ID C-D, T-I

O PE 3rd low – CT ID C-D, T-I
P Normal 3rd normal +++ CC DD C-D, C-D

Q Normal 4th reduced ++ CT ID C-D, T-I
R Normal 4th reduced ++ CT ID C-D, T-I
S Normal 5th normal +++ CC DD C-D, C-D

JEG normal ++++ CC II C-I, C-I

Normal/reduced/low, levels of HLA-G transcription compared to JEG standard; –, very low or no detectable transcript; nd, not determined.

Figure 2. Analysis of HLA-G transcription in normal and mild PE placentas from multigravida pregnancies. Nomenclature is as indicated
in figure 1. 2nd, 3rd, 4th and 5th refers to the pregnancy number.



To assess whether allele-specific transcription was in-
volved, two common polymorphisms were genotyped in
both cDNA (n = 6) and genomic DNA (n = 7) from PE
samples and normal placentas (table 1). The silent CAC-
CAT polymorphism at codon 93 and the 14-bp deletion in
the 3¢ UTR (table 2) were selected for analysis because
both normally occur at a relatively high frequency
[37–39].
Genotyping data showed concordance between cDNA
and genomic DNA in both normal and PE samples, indi-
cating that HLA-G is not subjected to imprinting mecha-
nisms in term placenta. This result agrees with previous
studies on normal first-trimester placentas [29, 39] and
also indicates that HLA-G imprinting is not a factor in PE.
In addition, imprinting was not observed at the level of
HLA-G isoforms using G1/G4- and G5-specific cDNA
genotyping (data not shown).
Polymorphism, genotype and allele distributions were
compared between normal (n = 11) and PE (n = 7) sam-

ples by Fisher’s exact test and the results are presented in
table 3. Significant differences were observed for the
C/T-93 polymorphism when both allele (p = 0.011) and
genotype (p = 0.04) distribution were compared, reflect-
ing an excess of the C-93 allele in normal samples. In
agreement with this, an excess of the C-93 allele has pre-
viously been observed in normal first-trimester placentas
[39]. Significant differences were also observed for the
I/D-14bp polymorphism due to an excess of the I-14bp
allele (p = 0.002) in PE samples. This excess was also ev-
ident in the genotype distribution of the I/D-14bp poly-
morphism, with a significant increase in II-14bp ho-
mozygotes (p = 0.02) being observed between control and
PE samples. In particular, all primigravidae PE samples
were II-14bp homozygotes, while no homozygotes, for
the I-14bp allele were observed in controls. The deletion
polymorphism was previously genotyped in PE but no
significant association was observed [40], probably re-
flecting the more heterogenous nature of the 13 PE/E
samples used compared to the analysis of exclusively
mild PE cases in the present study. 
Analysis of HLA-G allele distribution was carried out fol-
lowing construction of HLA-G alleles using the C/T-93
and I/D-14bp polymorphisms, hence giving rise to four
possible alleles: C-I, C-D, T-I and T-D. The distribution of
these alleles was significantly different between control
and PE samples. This reflected an excess of the T-I form
(coupled at least with G*01012, G*0105N or G*0106 al-
leles; table 1) in PE samples, contrasting an excess of the
C-D haplotype in control samples (p = 0.005). 
Thus, differences were observed between PE and normal
samples at both the level of HLA-G transcription and
HLA-G genotype. Interestingly, within both sample
groups, a correlation was also observed between the level
of HLA-G transcription and HLA-G genotype. Four of
five PE placentas which showed the lowest global levels
of HLA-G transcription, and a low level/absence of the
G3 transcript, were homozygous for the insertion poly-
morphism. In contrast, normal placentas (with the excep-
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Table 2. CAC-CAT polymorphism at codon 93 and 14-pb dele-
tion/insertion (D/I) in the 3¢ untranslated region (3¢ UTR) related to
HLA-G alleles (WHO nomenclature).

Allele Codon 93 3¢ UTR

G*01011 C D
G*01012 T I
G*01013 C I
G*01014 C nd
G*01015 C nd
G*01016 C nd
G*01017 T nd
G*01018 C nd
G*0102 C D
G*0103 C I
G*01041 C D
G*01042 C nd
G*01043 C nd
G*0105N T I
G*0106 T I

nd, not determined.

Table 3. Statistical analysis of HLA-G polymorphisms between normal and PE placentas (Fisher’s test).

Normal PE Two-tailed p value

Distribution of polymorphism 
C-93/T-93        18/4 (81.8%)   5/9 (35.7%)  0.011
I-14bp/D-14bp      6/16 (27.3%)  11/3 (78.6%) 0.002

Genotype distribution 
CC/CT, TT        7/4 (63.6%)   1/6 (14.3%) 0.066
TT/CC, CT        0/11 (0%)    3/4 (42.9%) 0.042
II/ID, DD        0/11 (0%)    5/2 (71.4%) 0.002
DD/ID, II        5/6 (45.45%)  1/6 (14.3%) 0.315

Allele distribution
TI/CD, CI, TD      4/18 (18.2%)   9/5 (64.3%) 0.011 
CD/TI, CI, TD      16/6 (72.7%)   3/11 (21.4%) 0.005

/versus. Percentages are given for C-93, I-14bp, CC, TT, II, DD, TI and CD from top to bottom.



tion of sample G) which showed high levels of each HLA-
G isoform comparable to the JEG control were homozy-
gous for the C-93 allele and had at least one copy of the
14-bp deletion allele. Indeed, the only PE placenta which
had the HLA-G genotype common in normal placentas,
sample L, also showed a high level of HLA-G transcrip-
tion (table 2). The deficit observed in transcription of
HLA-G and the correlation with HLA-G genotype may
provide a possible criterion for consideration in the diag-
nosis and classification of PE, particularly in multigravi-
dae, where diagnosis of PE may be complicated by un-
derlying hypertensive disorders [41].
Recent data provide evidence for association of soluble
HLA-G plasma levels with HLA-G alleles and shows the
existence of ‘low’ or ‘high’ secretor HLA-G alleles [42].
The possible predisposition for differential functional ef-
fects on immune response is thus supported by our find-
ing. Nevertheless, the influence of HLA-G polymor-
phisms on the regulation of HLA-G gene transcription, in-
cluding differential splicing, has yet to be determined.
Whether the silent C/T-93 polymorphism of the present
study is a genetic marker or plays a direct role in the reg-
ulation of differential splicing of HLA-G is currently un-
der investigation. Moreover, the presence of the 14-bp in-
sertion was previously shown to generate a 92-bp deletion
in the 3¢ untranslated region of HLA-G mRNA and was
considered to represent a cryptic branchpoint sequence
for mRNA splicing which may affect mRNA stability
[39]. Interestingly, we observed an excess of the I-14bp
allele in PE samples associated with the presence of the
92-bp deletion (data not shown). This raises the possibil-
ity that this type of mRNA transcript may exhibit differ-
ent stability. Such a mechanism might, in part, explain the
decrease in HLA-G mRNA in PE. 
In conclusion, the observed quantitative (previous re-
ports) and qualitative (this report) alterations of HLA-G
transcription seen in PE may render trophoblasts from PE
pregnancies susceptible to lysis by maternal natural killer
and T cells resident in the decidua. Finally, the observed
association between the levels of HLA-G transcription,
the specific production of HLA-G transcripts and HLA-G
genotype provides the first argument that HLA-G might
play a key role in genetic susceptibility to PE. 
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